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measurement
flexibility
Evershed Series 300
electronic

transmission
system

Exceptional sensitivity with
extra fast response, almost infinite
resolution, and more flexibility
in setting up control loops by
use of standard circuit
modules in the Power Units-
these are the special features
of the Evershed Series 300
system. Capacitive sensing

is employed. Each

transmitter contains a pot

coil beam attached to the
central vane of a differential
condenser, and operated

by changes in the process
variable. Solid state circuits
ensure complete reliability

in service. Full technical

data on request.

A. Differential Pressure
Transmitter Type ER 355

B. Pressure Transmitter
Type ER 328

C. Displacer Level Transmitter
ER 317

D. Series 500 Thermocouple and
Resistance Thermometer
Amplifier

E. Series 300 Power Unit

F. Series 300 Printed Circuit
Function Boards

Evershed & Vignoles Ltd.
Instrumentation Division
Acton Lane Works - Chiswick
London W.4 . Tel: CHI 3670

Evershed Division of George Kent Limited

Complete automatic control systems incorporating
Evershed equipment are also available from

Kent Controls Limited and George Kent
(Petrochemical) Limited, both associated companies

within the George Kent Group w3
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Comment—Automation and Medicine

Computer Applications in Hospitals by J. L. Bogod
In the hospital field, doctors and administrators alike are recognizing the benefits
that a computer can bring to their work, and many of the problems being en-
countered and solved are similar in nature to those met in industry. This article
describes some of the applications on which development work is currently
being carried out, and also takes a look at future prospects.

An Instrument for Measurement of Liquid Density by D. Cameron

Accurate density measurement of process liquids is often a critical factor in the
production of both liquids and solids, for it enables precise control of the con-
centration of liquids to be effected. This article describes the operation and
applications of one particular instrument (the Sangamo specific-gravity meter)
that has been designed for measuring liquid densities in laboratories and indus-
trial environments.

Vibrators in Industry—2 by B. Montandon
This is the second article in a series on vibrators for environmental testing. It
deals with vibrator systems and discusses various characteristics which have
to be taken into account when a systemis in use or when it is being purchased.

Electronic Photo-typesetting System

An electronics-based photo-typesetting system that operates up to ten times as
fast as conventional photosetters has now been developed. This article des-
cribes the way in which it can generate over 1,000 different characters and set
them on a film magazine.
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115 Applications & Techniques
Hoist Control by Proximity Ultrasonic Transducer for Liquid
Detector Processing
Airport Information Equipment Thyristor-Controlled Drive Motors
Thyristor Control of Cranes Quicker Vibration Analysis
Automatic Tank-Filling Control Transparent Ceramic
Testing Paint Fading Automatic Batching System
123 Welding Electronic Devices by Ultrasonics by G. E. Littleford
With the rapid advances in microelectronics technology, a need has arisen to
replace conventional (but now impracticable) methods of fusion-welding elec-
tronic devices by much higher precision techniques. One solution to this prob-
lem has been the development of ultrasonic welding equipment, the operation,
advantages and applications of which are described in this article.
129 New Apparatus
A regular feature of 12 pages giving, in this issue, details of 51 items of the latest
equipment in electronics, communications, instrumentation, control, components
and production aids.
What's On and Where ?
A regular feature which lists forthcoming events. Professional meetings,
symposia, conferences and exhibitions are included. This item is positioned
facing the Electronic Batch Counter supplement at the back of the journal.
Features
103 Computer-Based Retrieval of 121 New Concept in Electronic
Medical Literature Circuitry
107 Yarn Tension Control 122 A Frequency-Stabilizer Unit
. for Communications Re-
112 Second Intelsat Communi- ceivers
cations Satellite Launched 126 Automatic Control of Cold-
114 Computer-Controlled Ware- Strip Rolling
housing 127 Talkabout by Nexus
118 Eurocontrol Experimental 141  Industrial News
Centre Inaugurated 144 New Books
120 Data Recording for X-Ray
Films 45  Classified Advertisements
120 Manufacturers’ Literature 47  Index to Advertisers

Electronic Batch Counter Supplement

This 16-page pull-out supplement describes electronic batch counters and gives
complete details of those available. The supplement faces the inside back cover.

OUR COVER

This month’s front-cover picture shows a
corner of the chemical pathology labora-
tory at the Royal Postgraduate Medical
School, Hammersmith, where mechanical
equipment (foreground) is being used to
analyse blood-plasma specimens auto-
matically. Readings are displayed on
chart recorders (background) and, by
means of an analogue-to-digital con-
verter, are recorded on punched paper
tape for input to an NCR/Elliott 4100
computer, which calculates the test
results. An article on a number of appli-
cations of computers in the hospital
field appears elsewhere in this issue.

NEXT MONTH

Video mapping techniques for air
traffic control are continually being
improved. An article in the April issue
describes one of the latest develop-
ments—selective moving target indi-
cation. Another article presents the
findings of an independent and com-
prehensive survey on the application of
closed-circuit television in industry and
commerce.
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This booklet is available to all

interested in printed circuits . ..
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To Dept. B85, BXL Plastics Materials Group Limited,
12-18 Grosvenor Gardens, London SW1. Please send me,
free of charge, a copy of “Copper-Clad ‘BAKELITE
Laminated’ for Printed Circuits.”

BXL Plastics Materials Group Ltd

(FORMERLY BAKELITE LIMITED)

12-18 Grosvenor Gardens, London SW1. Tel: SLOane 0898 NAME
Sales Offices at: Birmingham Tel: Central 5011
Manchester Tel :_Blackiriars 2851. ADDRESS

BIX|L|

The trefoil symbol and the word BAKELITE are reglstered trade marks.

SPECIAL INTEREST.

r

-—---------J
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PLUGS, SOCKETS, JACKS —in all sizes and for ¢very purpose —arc made by
the Special Products Division of Astralux Dynamics Ltd. Theyre chosen
by the British Government and approved by the Post Office and Aircraft
Industry. The special Astralux design service for prototype models is used by
these organisations and by private industry. You can rely on Astralux
efficiency and technical accuracy to produce equipment strictly to specifica-
tion —and quickly. Plugs. Sockets and Jacks are just some of the products
of a company streamlined to serve world-wide industry today. Learn more
about what Astralux can offer you. Write to us for descriptive literature.

Industrial Elecironies  Mareh 1967

J

Illustrated from left to right

1 Plug 316 2 Plug 406
3 Plug 235 4 Jack 84A

85 Plug 420 6 Jack 95A

7 Socket 626 with Hex. Nut
8 Plug 671 9 Socket 626
10 Plug Electrical 119

11 40-way Connector

male and female

ASTRALUX dynamics limited

SPECIAL PRODUCTS DIVISION - NEW ST - BRIGHTLINGSEA - COLCHESTER - ESSEX - TEL: BRIGHTLINGSEA 2517/8

For further information circle No. 204
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P AR adetlan
Single-winding multi-Speed motors

PAM multi-speed a.c. motors provide, as never before, economic motive power for almost any electric motor
application. Their wide range of speed ratios, with falling or constant-torque characteristics, are ideal for
fans or machine tools. Low speed ‘inching’ can be achieved and normal electrical braking methods applied.
By using only a single winding, better space utilization is achieved, PAM motors being smaller and more
efficient machines than dual-wound motors of equivalent output and speed

PAM means: Conventional multi-speed squirrel-cage motor characteristics p/us [ Reduced size
(0 Reduced cost [J Close or wide speed ratios [J Single winding [ Simple speed selection.

[ ]
*For further advice and discussion Mackie
engineers are at your disposal.
W MACKIE & CO. LTD. Willow Lane, Mitcham,
Surrey. [] Telephone MITcham 0951-6
Grams: Mackie Croydon Surrey. [ ] Telex 264041

B For further information circle No. 205
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The less we
make the
cheaper it is

There’s not much swarf to spare on the machines

that turn out our P.T.F.E. components.
Excellence in machining techniques pares waste
right down to the bone—and the benelit is all
yours . . . waste not, payv less!

Ubiquitous P.T.F.E. to any shape and size you
require . . . valve scats, screw caps, brushes,
bearings, taper plugs, ring seals—any component
—machined to the closest possible tolerances, in
sizes from { in. (3 mm.) diameter upwards.
Gaskets, oo, for a wide range of pipe-bore sizes.
Rods and tubes, blocks and sheets, all to order.
All the facilities of our P.T.F.LE. technical
department are available to give you full
assistance from the design stage to  final
production.

THERE’S MORE TO

THAN ASBESTOS

BELTING

Conveyor and power transmission belting
GLASS FIBRE

Duraglas glass-fibre textiles and reinforcement
materials

MOULDING MATERIALS

Duraform asbestos-reinforced thermoplastics
Durestos asbestos-reinforced moulding materials
ASBESTOS

Asbestos textiles, packings, jointings, millboard
and P.T.F.E.

Turner Brothers Asbestos
Co. Ltd., Rochdale
England

Telephone: Rochdale 47422
Telex: 63174

A Turner & Newall Company
A2
For further information circle No. 206
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plastics make better products...

Britain's Plastics Exhibition

INTERPLAS &7

see the very latest in products, materials and machinery

(S heIp VAle pusmess. See the Ia.teSt I To the exhibition manager, Britain’s Plastics Exhibition, !
developments in the uses of plastics—the

newest achievements in plastics manufacture,
design and technology—the multitude of
better plastics products for industry and the NAME

An up-to-the-minute picture of how plastics I-[]N D “N r— YOUR FREE ENTRY ————"
|
|
I
home, Listen to the experts—and question | E— -
them on your problems at a series of important 21 J U N E |
industrial conferences held during the | FAM —
|
I
I
I
I

Dorset House, Stamford Street, London S.E.1,

Please send full information and a free season ticket.

exhibition. A unique opportunity to examine

the applications of plastics in industrial and 1 J U LY AO0ALSS)
consumer goods ranging from boats to

manufactured components—applications

leading to product improvement and cost

reduction. Mail the enquiry now for brochure

and free season ticket. e -

Sponsored by the lliffe journal British Plastics with the co-operation of the British Plastics Federation,

For further information circle No. 208
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Miniature _
circuit Wil
breakers The Belling-Lee “Securex”

Miniature Circuit Breaker is a
o precision unit which provides
wlth BIG protection, switching plus a
clear indication of the circuit
condition. Two basic types are

Advantages available, thermal or thermal-
L]

magnetic. Available in many
ratings from 300 mA to 156 A.

FOR FULL SPECIFICATIONS RING ENF 5393
OR WRITE FOR DATA SHEETS E17-E20.

connecting research to industry

BELLING & LEE LIMITED, GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX
Telephone: Enfield 5393  Telex: 263265

For further information circle No. 209
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We’'re proud of the connections we’ve made
with our miniature wires and cables

Many of the organisations we
deal with are large. Important.
With rigid standards.

Large industrial concerns;
government bodies;

public utilities;

medical departments;
manufacturers of electronic
equipment; aeronautical
authorities.

They come to us for one reason—

the high quality of our
miniature wires and cables.

There's the 98 ohm balanced twin
cable, overall diameter -064 inch.
High frequency ceoaxial cables,
with overall diameters not
exceeding -078 inch.

PTFE wires, cables and cable
assemblies, made to withstand a
constant temperature of 250°C,
and, for short periods, 300“C.
Only the best materials are used
in their construction: high tensile
strength, silver-plated, copper
clad steel wires; a dielectric of

polythene, irradiated polythene or
polytetrafluoroethylene (P TFE);
copper or silver-plated copper
wire, fibre glass, nylon or PTFE
sheathed.

That’s what we mean by quaility.

Write, phone or telex for further
details to: Standard Telephones
and Cables Limited, Rubber and
Plastic Cable Division,
Corporation Road, Newport, Mon.
Telephone: Newport 72281.

Telex: 49368.

world-wide telecommunications and electronics

6712H

For further information circle No. 210
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= 2 modular
laboratory
furniture

programmed
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Programmed to offer their Clients the most up-to-date and informative service possible — no
verbose and evasive reports, only the essence — a photographic copy of the contract schedule.
One print delivered each week, straight from Spencers’ boardroom, from commencement of
drawings until completion on site.

Spencers are determined that their Clients shall have constant assurance that their contracts are
up to schedule.

Couple this service to the knowledge that Spencers modular laboratory furniture is economic
and has been approved by the Council of Industrial Design, and you have the outline of a
conscientious, progressive Company, aware of the demands of modern construction — and
prepared to do something about it.

Write or ‘phone for full details to.—

SPENCERS OF ENFIELD %»:um

Southbury Road - Enfield-Middlesex: Tel: Howard 2051 e

For further information circle No. 211
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BEST OF

BOTH

WORLDS

That’s what you get with
Delanco Melamine Impregnated
Vulcanized Fibre Tubing

1. ELECTRICAL

Delanco V.F. Tubes laminated with
Melamine Resin. This is a recent
development which has been added
to our range of Delanco laminated
insulator tubes — thus giving the
electrical designer yet another
material whereby to meet the
ever-growing demands in the field of
electrical insulation.

The tubes are distinguished by their
excellent resistance to arcing and
tracking in electrical applications.
Contrary to general expectations they
show a very low water absorption of
some 5 to 7% compared with the
usual 20 to 559, for vulcanized

fibre tubes.

2. MECHANICAL

They have high mechanical strength,
good machineability, excellent flame
and heat resistance and good
resistance to moderate
concentrations of alkalies and most
solvents. Thus they share the tough
mechanical properties of vulcanized
fibre but additionally show the good
electrical properties of melamine resin.
Temperature range up to 130°C but
are capable to withstand short
excursions up to 180°C.

We may summarise above by stating
the tubes easily meet B.S.S. 934 but
also have the advantages of very low
water absorption and outstanding
resistance to arcing and tracking.

The manufacture of the tubes is carried out in our London factory,
right from initial impregnation to the rolling and finishing stage.
We are thus able to keep a close control of the
process and ensure continuity and constancy of properties.

Samples and prices on request from:—

ANGLO-AMERICAN VULCANIZED FIBRE CO. LTD - CAYTON WORKS - 21/23 BATH STREET - LONDON E.C.1 - CLE 8484

For further information circle No. 212
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It takes all types to make the Weston world

;;;n..-::"",:-'*ot - l < S m T

{\‘ m-:_:vn * | “ f
. :
! . > ™ ¢ s )

Round types and rectangular types

Clearly contemporary types

¥
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All very different on the face of it

But all with these family characteristics...

Supreme in accuracy;
competitive in price and delivery

Send for our literature and let us quote for your needs. Better still, contact the Area

Office nearest to you, and ask our representative to call .. .. he will be delighted.
Enfield: London: Birmingham: Manchester: Southampton: Glasgow:
C. Pozzi. W. Gray. J. C. Silverthorne. E. Axon, L. C. Chapman. L. E. Williams
Keats 1100. CHAncery 4971, CENtral 0691 Denton 4411, Southampton 23328. Central 6208.

AMO
ragess 3
ULy SANGAMO WESTON LIMITED - ENFIELD - MIDDLESEX
Telephone: Keats 1100 - Telegrams: Sanwest, Enfield - Telex: 24724

For further information circle No. 213
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NOW

completelyrevised
and enlarged

IF YOU WANT TO SAVE YOURSELF
TIME, MONEY, TOOLING COSTS,
DRAWING OFFICE TIME,
PRODUCTION PLANNING AND
DELIVERY WORRIES —

YOU MUST HAVE A COPY OF
THIS GUIDE TO STANDARD
ELECTRONIC EQUIPMENT
ENCLOSURES

Industrial Electronics March 1967

—

' B
raks and consoles

Our Raks and Consoles Catalogue has just been com-
pletely revised and brought up to date. In it you will find
details of the 238 models in the Imrak, International
Series, including the new ‘square-form’' models, some
of which are now available in a new 3ft height. Other
items shown for the first time include a range of drawer
units, glazed front doors, new IV fan units, new blower
units, and a new superstructure for the matching
International Series Consoles.

Also contained in this catalogue are full details of our new
Cubicle Construction System which has been specially
designed for producing non-standard size units.

SEND TODAY FOR YOUR FREE COPY

Engineering and

=4 = Marine Exhibit
See us on Stand 98 %§\"’ and the International
% Exhition

“mS

ground floor at EARLS COURT Earis Cout &
Otympia London
25Apri-4May 1967

Alfred Imhof Ltd Dept.IE/3 Ashley Works Cowley Mill Road Uxbridge Middx

telephone: Uxbridge 37123 (in London dial UX3 7123)

telegrams: Imcase-Uxbridge-Telex telex: 24177

Agents in Algeria, Austria, Australia, Belgium, Brunei, Canada, Denmark, Finland, France, Germany, Holland, Iraq, Israel, Italy, Lebanon, Luxembourp,
Morocco, New Zealand, Nicaragua, Norway, Portugal, Saudi Arabia, Singapore, South Africa, Sudan, Sweden, Switzerland, Syria, Thailand, Tunisia, USA, Zambia.

For further information circle No. 214
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The Arrow ‘29’ series panel-mounting, two-hole fixing Industrial Relay, has
a transparent plastic snap-on cover, push-on spade terminals, silver
contacts, and is very moderately priced.

The Arrow ‘29’ series satisfies the requirements of CEE-24 and BSS.3955,
where applicable, and is available with operating coils up to 250v. A.C,,
50 or 60 cycles, and up to 110v. D.C.

Write or telephone for full details of this advanced Arrow Relay.

ARROW ARROW ELECTRIC SWITCHES LIMITED
Brent Rd - Southall - Middlesex - Tel: Southall 2442 Telex: 23332
A4

P For further information circle No. 215
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Mawdsley’s make a flowmeter

for beer

or any other fluid —

milk, watetr, acid, honey, soap including many that put up aggressive
arguments against being metered at all. It you think you have a
prohlem, let Mawdsley's show you how they would tackle it.

Mawdsley's flowmeters are more advanced, and less affected by
turbulent flow. than any other comparahle nstruments.

Please wiite or “phone il you have a How measurement problem to solve

,/\

INSTRUMENT DIVISION
LTD

DURSLEY  GLOUCESTERSHIRE ENGLAND

Telephune Hursley 7921 lelegrams  Zone Hursles leler 43178

N
ADVANCED FLOW MEASUREMENT

For further.information circle No. 216
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In basic plug-in form, bench case or two or eight-ampli-
fier rack mount, Type 391 Differential Amplifier series.

VARIABLE GAIN—10 to 1000 Accuracy 0.01%
CHOPPERLESS!
HIGH INPUT IMPEDANCE — 1000 MEGOHMS

FAST OVERLOAD RECOVERY TIME—300 u SECS
TO 019 OF FULL SCALE

HIGH COMMON MODE REJECTION —1000x GAIN

H AT A SENSIBLE COST

Get the plug-in card version of
8 the 391 Amplifier, (without

Eleven microcircuit variations to the 391 D.C.
Differential Amplifier meet hundreds of different
data acquisition needs.

Now made in England by Benson-Lehner, the Redcor
range includes the series 391 differential amplifier, which
combines single circuit board compactness with micro-
circuit reliability to provide a choice of eleven different
variations. Choose your output—direct or with additional
filter, or filter and solid-state multiplexer — to gain the
cost advantages of quantity production without paying
for redundant circuit elements.

&

For full details of how BENSON-LEHNER can help you in the data systems fisld, telephone

SOUTHAMPTON 27831 or write to:—

benson- le hner LTD WEST QUAY ROAD, SOUTHAMPTON

Forintormation on: DIGITAL SYSTEMS/A.D. CONVERTORS/D.C. AMPLIFIERS/D.A. CONVERTORS/MULTIPLEXERS

For further information circle No. 217
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HUNTS

give designers the best of both worlds...

of a metallised of tough, clean epoxy resin
polyethelene terephthalate neatly styled to eliminate any
film capacitor moisture trap between terminations.

. .. all the advantages I . . . humidity resistant housing

New
Hunts Type M314

gives high standards of reliability
in a new range specifically designed
for printed circuitry.
Actual Size

mm ‘ Hunts Type M314
Standard Capacitance Range

Capacitance 160 V.d.c. | 250 V.d.c. | 400 V.d.c.
Microfarads List No. List No. List No.

0.022 TMD 552
‘ 0.033 TMD 556
I 0.047 - TMD 560
T it ] 0.068 TMD 502
0.1 TMD 506

Temperature-55° to +100°C 0.15 TMD 452
0.22 TMD 456

Humidity Classification
21 days (H5 DEF 5011)

Please use the Reader Enquiry Service to obtain
full technical information or contact us direct

ALt A.H. HUNT (Capacitors) Ltd
et H U N'T‘S " Wandsworth, London SW18, Telephone VANdyke 6454, Telex 25640
CAPACITORS

Factories also in Surrey and North Wales

For further information circle No. 218
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only one...

Vois K1
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Marstat A.C. Voltage Marginal Relays are solid state silicon
transistor relays which monitor A.C./D.C. voltages to degrees
of accuracy covering every known requirement with the utmost
reliability. Rugged construction allows mounting in any
position, in dust laden and bad atmospheres without routine
maintenance There are six types in three basic ranges: standard
fixed limits; standard adjustable limits; and precision. Ask for
full details.
The one at the bottom. In the middie is an autamatic
check synchroniser and at the top a frequency marginal
relay. All three are Marstat units—as used in the Marstat
system: of solid state controls.

MARSTAT

Pickerslaigh Rd
Malvern
Worcestershire
Malvern 61786
Telex: 33267

LIMITED

London Office: Wingate House + 33-107 Shaftesbury Avenue * London W.1. Tel: GER 1736 * Telex; 762242

For further information circle No. 219
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FOR UTMOST RELIABILITY
SPECIFY THE

4 'W /

VARICOA! ¥
CONTACT

Series 8125 Series 8016
32 way Miniature Plug 38/56 way Connector.
and Socket. Available with side or

Available with cover or bracket. top entry.

Board to Board Connectors
Series 5201 at right angles
Series 5301 parallel

Series 5101 edge to edge

Moulded Edge Connectors
5007—12, 16, 20 and 24 way
7002—21 and 25 way
700817, 23, 29, 35 and 41 way

VARICON* Contacts solve most of the
packaging and reliability problems met with
in the most sophisticated projects.

This versatile, low resistance fork shaped
hermaphroditic contact with four mating
areas is used in a range of MULTIWAY

“,.GNEr,o PLUGS AND SOCKETS, PRINTED
CIRCUIT BOARD-TO-BOARD CONNEC-
TORS AND MOULDED PRINTED
CIRCUIT CONNECTORS.
o S Specify THE VARICON* RANGE, for ut-
‘“/,/ QD most reliability.
¢ s\'\ *TRADE MARK

M.0.A.—A.RR.E.—AR.B. Approved Inspection Can be supplied to meet P.0, Approval

MAGNETIC DEVICES LTD VARELCO LIMITED

Newmarket, Suffolk MNewmarket, Suffolk
Newmarket 3451 (10 lines) Telex 81245 Nowmarket 3461 (10 lines) Talex 81245

Under licence from the Elco Corporation, Willow Grove, Pennsylvania, U.S.A.

RS 1011/H/A

For further information circle No. 220



18 Industrial Electromces March 1967

All purpose 6" & 12" Units

% 17,27,3" or 4” Vacuum Systems m
¥ Fully fitted workchamber
% 104 torr in 4 minutes with 4" system

Y 12v. 40A. LT Evaporation supply L $. ]
Y 3000v. 100mV. lon clean up supply e vt s awan
Accessories include Carbon Coating and Sputtering Equipment.
Rotary Drives and 6-source Turret.
Complete Microcircuit and Thin Film Production Equipment
is also available.

Full details on request.

GENEVAC LTD., Subsidiary of Generol Engineering Co. (Radchfie) Lid

PIONEER MILL . RADCLIFFE . MANCHESTER
Tel.: Radcliffe 3041-5

Branch Offices
LONDON MIDLAND SCOTTIISH MANCHESTER LIVERPOOL
Tel Tel Tel Tel. BLACK/RIARS  Iel

(STDOI) 643 4541-4 SHIRLLY 4508 CALEDUNIAN 5597 0185 & 0230 CENTRAL 9532-3

For further information circle No. 221

Electroplating to Specification
Specialist electraoplaters of small parts in quantity
HARDGOLD, SILVER, RHODIUM, NICKEL, CHROME
CADMIUM, TIN, ZINC, SPECULUM, VACUUM
COATING, BARREL POLISHING.

FuLlly approved War Office, M.O.A. and A.R.B.

N- ’T- FI“DS'I: LimitEd Harford Street, Birmingham 19

Telephone CENtral 4135

g
O

For further information circle No. 222
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SOUND? you can’t be certain

Even the best looking apples can have doubtful cores and the most brilliantly designed

components can contain the seed of their own failure—the inability to withstanc vibra-

tion noise and shock. Decide now to eliminate the vibration hazard from your products
—use the coupon.

N PYE-LING LIMITED
Q 9 HEATH WORKS, BALDOCK ROAD
ROYSTON, HERTS.

Please send me full details D=
of your Vibration Testing Telex: 81174 (Pyeling Royston)
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INDUSTRIAL ELEGTRONIGS

Automation and Medicine

The social function of automation in our society is often overlooked or ignored
by those who see in its application only the de-humanization of the individual
or group. This month’s Medea 67 exhibition and associated symposium at
Earls Court should help to put such a belief into proper perspective, for it
will provide many striking examples of the ways in which technological advances
in engineering and automation have been assimilated into that most humane
of professions—medicine.

Furthermore, it will give an invaluable opportunity to doctors and surgeons
on the one hand and electronic and engineering specialists on the other to
exchange information and discuss each other’s problems and requirements.
The two professions have not been slow in the past to realize the advantages
to be derived from a close co-operation between their disciplines (as is evidenced
by the two medical automation advisory centres that are already operating in
London and Edinburgh) but there is still scope for much further progress.

The extent to which medicine is embracing the latest concepts in electronics
will be apparent by reading one of the articles in this month’s issue. [t de-
scribes some of the applications for computers in the hospital field, where both
administrative and clinical practices may well be revolutionized by what have
hitherto been regarded as purely industrial or commercial techniques. The
vital need for improving hospital efficiency, without interfering with the delicate
and personal relationships between patients and medical staff, is increasingly
being met by the introduction of electronic equipment, the potential of which is
perhaps only now being fully realized.

Much of the pioneer work in this field has already been undertaken in
America, though research is now actively being carried out on both sides of the
Atlantic into such medical aids as automatic patient monitoring and computer-
aided diagnosis, treatment and drug dispensing. That Britain does not lag
behind in her response to the challenge is confirmed by the comprehensive
computer-based medical centre that is at present being developed in South
London. This will eventually serve a whole community of many thousands of
individuals with a centralized medical service which will integrate all hospital
functions into a unified system. The centrally-filed medical histories of every
patient attending the centre will be immediately available to doctors, who will
be equipped with television/typewriter consoles to call up information.

All these activities and progress reflect well upon a profession that is often
unjustly accused of being slow to move with the times, and it is encouraging to
confirm that engineers fully understand the necessity for their equipment to
supplement the doctor’s functions and not try to replace him. Such a sub-
stitution of machines for human beings would be impossible in any case.

The real benefits from introducing automation into medicine can only be
gained, however, if sufficient funds, facilities and incentives are provided.
Manufacturers of electronic equipment can only afford to carry out their
R. and D. in areas that show commercial viability, and so it behoves the
government to invest generously in enterprising schemes which must, in the
long run, make enormous economies in our health and welfare services. If
such grants are not forthcoming, then the nation may well pay dearly for its
procrastination.
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By J. L. BOGOD*

in the hospital field, doctors and administrators alike are
recognizing the benefits that a computer can bring to their
work, and many of the problems being encountered and
solved are similar in nature to those met in industry. This
article describes some of the applications on which develop-
ment work is currently being carried out, and also takes a
look at future prospects.

country for some time, but in general they have been

very small machines used principally for financial
purposes such as the calculation of payroll and expenditure
analysis. This is probably because, in the past, computers
have been regarded as economic tools which must pay for
themselves directly with the economies they make.

Now it is becoming realized that, with the increasing
power of modern equipment, computers can be used for
purposes which only show benefits in the long term, carry-
ing out tasks which previously could not be done at all

COMPUTEJRS have been in use in hospitals in this

-‘English Electric-Leo-Marconi Comp_ulers Ld.
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because either sutficient man-power was not available or
they could not be justified economically.

Apart from financial work, applications may be divided
broadly into clinical and administrative, but there are many
areas where the two overlap. In developing these applica-
tions, it is important to be aware of the links between them,
since future developments will undoubtedly lead to the
control of a total hospital-informatien system based on the
use of a computer.

Administrative Applications
A number of administrative applications are at present
being developed, some of which are described here.

The staffing of wards is organized by making use of
fully-trained nurses together with student nurses at various
stages of their training. The three-year training course for
student nurses requires that, in addition to group training,
they also should spend specified periods in each ward. As
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there may be over 1,000 nurses in a large hospital, it can
be seen that the administrative problem of ensuring that
an adequate service is given to patients, while student nurses
gain all their necessary experience, is very complex. Pro-
grams are now being written which will produce lists of
ward duties that allocate staff to activities under rules laid
down by the administration, thus saving a great deal of
woerk at present carried out by senior nursing staff.

Depend

Closely allied to the last problem is that of nurse
dependency. In this application, the system is designed
to measure the workload on nurses in a ward. Patients
need a varying amount of nursing care depending on their
cendition, and as it has not in the past been feasible to
measure the amount of care required, the workload in
different wards of the same hospital used to become un-
balanced. The reason why it had not been feasible was
because the work and time required to produce the results
would have produced them too late to be of any value;
furthermore. there are also some complications resulting
from the operation of ‘tied-bed’ systems.

With a system currently being developed, a nurse spends
a few minutes each day completing a form which lists the
patients and certain facts about them which affect the
amount of care they need. These forms are read by an
automatic document reader, which feeds the information
into a computer that calculates and prints cut the work-
load in each ward. Consequently, those responsible for
patient admissions can quickly tell which wards are most
suitable for incoming patients. The benefit of this system
is not a financial one but can be measured by a better
service to patients and the removal of unnecessarily heavy
loads on nursing staff.

The allocation of beds is a problem area which is being
examined in ‘patient admission and appointment schedul-
ing’.  Over a period, a hospital will provide medical atten-
tion to a very large number of patients, and each patient,
whether external or internal, will make use of a number
of services provided by the hospital ; these may be medical
specialist services such as those of the X-ray department
or pathology laboratory, or they may be administrative
services such as the use of a bed and the assistance of the
almoner. The problem then is to allocate demands against
limited resources of time, people and equipment in the
best possible way. The complex inter-relationship of these
demands means that normal techniques usually result in
an inefficient, and hence uneconomic, use of these resources.

A computer system would have the following initial
objectives:

Maintain an appointment system for out-patient
clinics and clinicians, with due regard to the resultant
load on other facilities of the hospital.

Record all basic informaticn about the patient at the
time of initial contact with the hospital, such informa-
tion then being used to originate case sheets, test
requests etc. and ultimately form the basis for a
computer-held patient record.

Assign patient numbers and bed occupancy, which if
carried out on a real-time basis should result in
increased bed occupancy ; if linked with nurse depend-
ency, a more efficient utilization of nursing facilities
could be made as well.

The Hospital Pharmacy, which is responsible for holding
stocks of drugs and issuing them in response to doctors’
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orders, is another department which would benefit from
the use of a computer. Orders for drugs (usually hand-
written) are made at all times of the day, and the volume
of these orders, which is already very large, is increasing.
A computer system would involve the sending of such
orders, by means of an on-line typewriter in the ward, via
the central processor to the pharmacy; the order could
then be either printed out or displayed on a visual-display
terminal. A logical development of this system would be
to collect and store orders transmitted from the ward, sort
them into ward requirements at specific time intervals, and
present to the pharmacy a composite order with items to
be despatched at different times. In addition, if patients’
records were to be held on-line, checks could be made that
the drugs ordered did not conflict with known allergies or
other treatment. Under the present system, there is a
danger that orders may be misread and the wrong drug or
quantity supplied, or that (all unwittingly) a doctor may
prescribe a drug to which the patient reacts unfavourably.
The computer system described would go a lcng way
towards eliminating the major causes of such errors
the lack of information in a readily accessible form; it
would also be a source of statistical informaticn for stock
control and drug-utilization studies.

In the blood transfusion service, fresh blood is taken
frem approved donors at intervals, stored. and then issued
to hospitals to replenish stocks (see Fig. 1). Different
blood groups have to be treated separately and, in addition,
whole blood must be used within a comparatively short
space of time. As it is necessary to have all types of blood
available at all times, the supply chain of donor to storage
to hospital must be kept constantly flowing. The system
is further complicated because donors must be given reason-
able notice as to when their services will be required, and
only a proportion of donors respond to the request to attend
a blood transfusion clinic.

By holding the records of donors on-line to a computer,
together with stockholding information, a program can be
run daily which will carry out the following tasks:

Process the day’s results.

Update shockholding figures according to the day’s

issues and receipts.

Calculate the quantity of each type of blood which

will be needed in, say, three weeks’ time.

Select donors, bearing in mind the anticipated per-

centage of non-acceptances.

Print ‘call-up’ cards for sending to donors.

This system would thus deal with the flow of blood
supplies into the Regional Transfusion Service, and it could
be extended to cover the issue of stocks and stock control
in the hospitals themselves.

A blood-bank system at present in operation serves 29
hospitals in California, and has enabled economies to be
made in blood, time and money. By keeping track of the
location and age of all units of blood held at all hospitals
participating in the project, the computer is able to provide
blood-bank management with up-to-date reports concern-
ing blood usage. In consequence, realistic stock levels are
established, losses due to the ‘outdating’ of blood are
minimized, and future requirements can be estimated.
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During the first year of the svstem’s operation, the losses
of blood due to outdating were cut from 137 to 47,.
Each of the 29 hospitals in the scheme reports daily on
its stock of blood, including suzh information as identifica-
tion number, blood which has been reserved for a specific
purpose and transfused blood. This data, together with
that supplied by the central bank as to stocks on hand and
delivered, is processed overnight; reports are thus avail-
abl¢ in the morning for blood-bank management to plan
the day’s activities. The daily inventory report lists every
unit of blood at every hospital, and shows the days remain-
ing until it is outdated. whether it has beer reserved, its

Fig. 2. A diagrammatic representation of the work flow in a com-
puter-based pathology laboratory, showing (dotted lines) the links
required for its integration into a total hospital-information system
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1g. 1 a scientific officer
of the National Blood Transfusion
Service is shown checking bottles
of blood in an issue room, prior
to their dispatch to a hospital
blood bank. (Picture supplied by
the Ministry of Health)

F 1 Here
. Here,

identification number and its type; below this is shown a
summary giving totals of each type of blood available at
each hospital.

As a result of this system, much better utilization of
resources has been made and, in particular, a more reliable
service has been given to patients without increasing the
amount of blood beirg brought into the system from
donors.  With the development of modern techniques in
surgery, there is an ever increasing demand for blood, but
there is never enough to meet it; this system has gone a
long way towards balancing the supply with the demand.

Dietary Control

In a number of hospitals and hospital groups in America,
dietary control is carried out by means of a computer.

The hospital dietician has the task of designing, at
minimal ccsts, menus that are satisfactory in nutritional
content and appeal to the patients. The nutritional con-
tent of raw ingredients is wvirtually fixed and so the
nutritional value of a dishk can be calculated from a recipe ;
the ingredients may alter for reasons of cost or availability,
however (e.g.. fresh vegetables instead of frozen). in which
case the nutritional value may change also. The task of
balancing the various factors in menu planning is one which
takes a great deal of time and effort, and in the system
which has been developed at the J. Hillis Miller Health
Centre at the University of Florida, a computer carries out
this work for the dietician.

The system calculates raw food needs, and then selects
from some 1,680 standard and therapeutic menu combina-
tions the best nutritional balance, at the lowest possible
cost, for an assortment of patient needs and preferences;
it also provides step-by-step instructions to the kitchen staff.
At lunch time, each patient is handed a selective menu
for the following day's meals; he marks the items he
requires, and the menu is then collected and transcribed
for computer input. The computer produces requisitions
for stores issues, and provides totals of all menu items for
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the kitchen staff ; cards showing each patient’s selection
are also produced to enable individual trays to be made up.

It has been estimated that if all Florida hospitals were
to subscribe to the system by on-line links, they would
make a saving of some 259 in their food and labour costs.

Clinical Applications
Clinical applications may be sub-divided into two groups ;
analysis of tests and patient monitoring.

Pathology Laboratory

In the first group, we shall consider the problems in
the pathology laboratory, where there is a rapidly increas-
ing workload of sample testing combined with a shortage
of technical staff. The majority of routine tests are now
carried out on automatic testing equipment (see front-cover
picture) and, in general, the results of these tests are pro-
duced in the form of graphs; these have to be carefully
interpreted and this is a time-consuming operation.
Furthermore, in many cases, these results nced to be com-
pared with previous results to determine significant trends,
and this raises the problem of record retrieval.

The system needed to deal with this work. and thus free
technical staff from routine clerical labcur, requires a small
computer which will convert the output of the testing equip-
ment to digital form, and then interpret the results;
the results also need to be printed out and stored for subse-
quent comparisons and statistical analysis.

If a hospital has a large multi-programming computer,
this work might be carried out on-line by means of inter-
mediate equipment linked direct to the central processor.
In this way, the automatic equipment carrying out the tests
would be peripherals of the computer complex. Alter-
natively, if real-time work on results were not required, it
would be necessary only to link intermediate equipment,
producing the results on punched paper tape; this would
subsequently be fed to the central machine in order to

Fig. 3. A 'Montron' patient-
monitoring system (developed by
the Medical Research Council and
T.E.M. Instruments Ltd.) is shown
here being demonstrated at Craw-
ley Hospital, Sussex. The chest

ELECTRONICS
COMMUNICATIONS
INSTRUMENTATION
CONTROL

produce the results of the tests and make the necessary
calculations and comparisons (see Fig. 2).

A ccnsiderable amount of research work is being carried
out in this field, and at the Post-Graduate Medical School,
Hammersmith, a system has been developed which can
accept the output from several ‘AutoAnalysers’, convert
the results to digital form, and then punch the coded
information on to paper tape.

Patient Moniroring

The term patient monitoring refers to the constant
watching over the condition of a patient so that action can
quickly be taken if there are any significant changes. Such
treatment may be necessary during the ccurse of opera-
tions, during the immediate post-operative period, or when
the patient is critically ill or under severe shock.

FFor the monitoring of critically-ill patients, it is neces-
sary to have an experienced nurse in constant attendance
who, in addition te watching for changes in condition. will
take regular measurements of such variables as tempera-
ture, pulse and respiration rate. The heavy load on nurs-
ing facilitics means that only a very limited number of
patients can receive treatment of this kind at any one time.
Also, it is cften necessary to know immediately when a
change in the patient’s conditicn occurs, and a nurse who
is taking measurements at intervals of time may not be
aware of such changes immediately they occur.

Equipment is now being develeped (see Fig. 3) which will
measure the various parameters representing the condition
of a patient (the electroencephalograph and electrocardio-

strap contains special electronic

sensorsthat feed equipment(right)
with information on such condi-
tions as temperature, pulse rate
respiration and blood pressure
The equipment gives a constant
indication of a patient's condition
(which can be recorded over a
24-hr period) and sets off an alarm
should it become serious
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Fig. 4.

graph have. of course, been in use for many years). though
the output from such cquipment normally requires interpre-
tation by medical stafl. It is in this interpretive task that
a computer can assist the physician.

In a tyvpical computer system (sce Fig. 4). a number of
criticallv-ill patients will be physically connected 1o a
variety of measuring instruments; these in turn will be
connected to a central processor. which will receive the
analogue signals from the instruments and transform them
into digital form. Within the computer. the various
measurements will be compared with “permissible’ values.
and variations in readings will also be analysed. When
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A diagrammatic representation of a computer-based patient-monitoring system

an abnormal result occurs. a warning will be given to the
attending medical statf who will be able to take immediate
action. Using such a system. it will not be nccessary for
each patient to have a nurse in constant attendance, and
the risk cf delay in dealing with an emergency will be
reduced considerably. Thus. with the same medical
facilities, it will be possible to give intensive care of a better
quality to morce patients.

As an example of an actual computer-based patient-
monitoring system, we may cite the 3.500-bed L.os Angeles
County General Hospital, where a special ward has been
established as a shock research unit. This unit is con-
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Fig. 5. This block diagram
shows how the programs
in the hospital-information
system at the Massachusetts
General Hospital are inter-
linked. The rectangles at the
top represent the program
functions that affect the con-
tents of the files, whereas the
rectangles at the bottom re-
present those that retrieve in-
formation
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cerned with patients suffering from circulatery shock—a
condition characterized by low blood pressure, low blood
flow and an extremely unstable circulatory system. The
mortality rate from this condition is high. and research is
being carried out in crder to determine how a computer can
assist in improving the monitoring and care of such patients.

The computer has been programmed to perform the
following functions:

Routine periodic monitoring and lcgging of !l input

measurements for body activities that can be directly

sensed.

Automating procedures to determine the variables in

those activities that cannot be directly sensed (the

computer records and calculates 25 variables).

Checking the variables to see that they fall within

preset limits.

Acting as a highly-accurate timer of the relationship

between the electrocardiogram and points of interest

on the arterial pressure pulse.

Controlling the urinometer.

The research staff are experiencing many problems in
the development of this system. For example, the method
of output is by means of a typewriter and a graph plotter
in the ward, and this equipment is noisy and may be dis-
turbing to patients under shock. (On at least one occasion
it has been necessary to disconnect the equipment because
of this problem.) One solution being considered is the
use of projection displays, but it has been found that these
are generally expensive, bulky and not wholly satisfactory.
There is clearly a great demand for the development of
electronic equipment in this area.

Hospital-Information Systems

Many of the applications described in this article may be
interlinked to form a total hospital-information system.
Such a system would be built around patients’ medical
records, and would provide control of the information which
circulates in a hospital.

A number of hospitals in America have for some time
been invelved in the development of systems of this kind,
and one of the most advanced projects being undertaken
is at the Massachusetts General Hospital. which has the
following aims:

To increase the rapidity and accuracy of collecting,

recording. transmitting, retrieving and summarizing

patient-care information.

To decrease the amount

required cf the nursing staff.

To arrange and consolidate information for more effec-

tive and eflicient utilization by the medical staff.

To store large amounts of complex medical informa-

tion and contribute to clinical research by facilitating

rapid and easy retrieval and analysis of the stored
information.

The system involves the use of typewriters, which are
on-line to the computer and situated in wards, the
patholcgy laboratory, the pharmacy etc. Medical staff
may communicate with the computer in a ‘conversational’
way in order to retrieve information or to initiate action,
and the procedure described above under the heading
Hospital Pharmacy is just one example of how this system
is being used.

There are three groups (or cycles) of procedures cur-
rently in use at the hospital, and these are the admissions
cycle, the laboratory cycle and the medicaticn cycle. The
admissions cycle includes programs dealing with the admis-
sion, transfer and discharge of patients, while the laboratory
cycle has programs concerned with the entering of labora-

of routine clerical work
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tory results into the system and the generation of reports
on the various wards; the medication cycle contains pro-
grams that relate to the ordering and charting of drugs,
patient history with respect to drugs, and ward notification
of drugs to be given. Fig. 5 shows how the various pro-
grams and files interact with each other.

Conclusion

This article has briefly described some of the ways in
which computers are being or may be used in hospital
work. A hospital is a place in which people receive a great
variety of services, all of which impinge in some way on
cach other. These services are all centred round the patient,
and the more co-ordination there is between them, and the
more efliciently they run, the better will be the treatment
and thus the health of the nation.

Computer-Based Retrieval of
Medical Literature

Some ten months have now passed since the computer-
based medical-literature analysis and retrieval system
(MEDLARS) was inaugurated at Newcastle University ;
during that time, the number of information searches that
have been conducted has increased from four to over twenty
per week.

MEDLARS is operated jointly by the National Lending
Library for Science and Technology (N.L.L.S.T.) and
Newcastle University for the benefit of all medical research
workers. requests for searches from sources outside the
university being collected and edited by the N.L.LS.T.
At present, the system is being operated for a trial period
without charge to the users, the computing expenses being
met by the Office of Scientific and Technical Information ;
a decision is soon to be taken, however, on the value of the
service and whether search fees will be imposed in the
future.

Information for the system is prepared by the American
National Library of Medicine, where a team of indexers
study papers published in some 2,800 different medical
journals and assign terms (from a list containing over 7.000
items) to describe accurately the contents of each article.
Every month, this coded information is recorded by com-
puter on magnetic tape and a copy is sent to Newcastle.
There, the university’s English Electric-Leo-Marconi
KDF 9 computer has been specially programmed to pro-
vide comprehensive and rapid search facilities, thus
providing enquirers with information relevant to their
research very soon after it has been published.

Over 400,000 article references are already recorded on
the MEDLARS tapes. approximately 15,000 being added
each month. Search details are fed to the computer in
three parts, the first giving the subject title, the search
reference number and sorting instructions; a ‘request
element definition’ (RED) list is then entered. which details
the terms that the computer must consider when selecting
article references. Finally, a search statement is fed in
which defines how the terms given in the RED list should
be combined to distinguish the required articles from those
covering related subjects.

The output from the computer is in the form of a list of
all those articles that contain relevant information; more
than 100 titles may be produced on this list, which is returned
to the research worker for his final selection.
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AN INSTRUMENT '

FOR MEASUREMENT

OF LIQUID DENSITY

By D. CAMERON*

either been carried out—at best—as a routine labora-

tory task, or other factors (such as electrical conduc-
tivity or refractive index) have been used to obtain a
measure of the concentration of solutions. The specialized
nature of these alternative methods is obvious, but liquid-
density measurement has been found to be the most versa-
tile indicator eof concentration.

Laboratory methods of liquid-density measurement are
well known and mainly utilize a density bottle, hydrometer
or density balance. The last mentioned instrument is prob-
ably closest in principle to the Sangamo specific-gravity
meter, since it indicates the apparent weight of a totally-
immersed plummet. In the Sangamo instrument, however,
support of the plummet is effected not by a fine wire, but
by a controlled magnetic field. The advantage of this is
that the measuring system can be isolated physically from
the fluid, and so all the effects of surface tension are
eliminated; the output is also obtained as an electrical
signal, thus lending itself easily to the control of other
equipment.

IN the past, accurate liquid-density measurement has

Electrical Construction and Operation

The main features of the meter are shown in Fig. 1.
As mentioned previously, the plummet, which is more dense
than the liquid being measured, is supported by a magnetic
field which is generated by an electromagnet immediately
above it; both the electromagnet and the plummet are
constructed from a low-hysteresis alloy, which thus reduces
any ambiguity of reading introduced by hysteresis. Located
at a fixed distance from the electromagnet are two coils,
of equal inductance, which surround the plummet; the
coils are fed with an a.c. signal, and the output is obtained
from the junction of the two.

Since the coils are balanced inductively, any movement
of the plummet away from a position located centrally
between them will produce an error signal at the junction;
the amplitude of this signal will be approximately propor-
tional to the displacement and will be in phase or out of
phase with the supply, depending upon its direction. This
error signal is then amplified and, after rectification by a
phase-sensitive detector, the resulting d.c. signal is used to
control the current in the electromagnet via a power ampli-
fier. A control loop is thus closed, and the plummet is
stabilized at the point where the inductance of both sense
coils is equal.

System Stability

This description of the simple servo action of the ampli-
fier and electromagnet has not taken into account any
stability considerations. There is a square-law relationship
between the current in the electromagnet and the force it
exerts on the plummet, but the effect of this is to produce
only a small increase in the average force exerted if the
current fluctuates. The equivalent electrical circuit is thus
as shown in Fig. 2, and is derived as follows.

The balanced sense coils surrounding the plummet can
only sense the plummet position and not the force exerted
on it ; the output signal is therefore the integral of plummet
velocity. Further integrating action is caused by the
inertia of the plummet, and complete phase opposition of
control and output signals is only prevented by the power
loss in the system due to the viscosity of the fluid surround-
ing the plummet. Despite the integration in the system,
which cannot be compensated for, very good damping of
plummet movement can be achieved by means of a simple
RC network in the amplifier, the response of which can
be varied to suit different liquid viscosities.

* Sangamo Controls Ltd.
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Fig. 1. (a) The Sangamo specific
gravity meter showing the plummet
and baffle at the bottom

(b) the instrument's control
amplifier, given in block-
diagrammatic form
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To measure the density of a liquid therefore, all that is
reaquired is to measure the current flowing in the electro-
magnet of a previously-calibrated instrument.

Due to the fact that the force required to support the
plummet is proportional to the density difference between
the plummet and the liquid, the actual density of the liquid
will be this density difference plus the density of the
plummet. Also, as has been previously mentioned. since
neither the plummet nor electromagnet possesses any per-
manent magnetism, the force between them is proportional
to the square of the current flowing in the electromagnet.

The main disadvantage of making a direct measurement
of the magnet current is that accuracy of measurement is
best obtained if most of the signal is ‘backed oft® by a
known amount. This is done in the Sangamo instrument
by measuring the difference between the voltage developed
by the magnet current flowing in a calibrating resistor and
that supplied by a ‘zero-suppression’ unit.

This unit [see Fig. 3(a)] consists essentially of a very
stable reference voltage and a potential divider chain, which
forms the ‘range’ control that corresponds (after calibra-
tion) to fixed values of density. The output voltage of
the unit can be set to zero the input to a voltage indicator.
which is connected between it and the calibrating resistor.
Although any variation of density will produce an output
voltage that is part of a square-law curve, the actual non-
linearity is so small for small changes that it can be
ignored in most applications; correction data is supplied.
however, for the full accuracy of the instrument to be
realized.

Another potentiometer is also provided in the zero-
suppression unit, and this is used to attenuate the output
signal so as to enable the full-scale deflection of the volt-
meter or chart recorder to indicate a sensible increment of
density: this is known as the ‘span’ control. Fig. 3(b) shows
a simplified circuit of the unit, together with the extra input
used for temperature compensation. The maximum signal
level obtained from the specific-gravity meter is 60 mV
for a change in liquid density of 0.01 gm per cc.

Liquid-Temperarure Compensation

Although the Sangamo specific-gravity meter will
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measure the density of the liquid surrounding the plummet
irrespective of the liquid temperature, it is often necessary
to know the density referred to one particular temperature.
For this reason, a separate signal is generated by a ‘tem-
perature-compensation’ unit (see Fig. 4).

This unit is basically an accurate temperature-measuring
circuit which utilizes a platinum-resistance thermometer
probe in a bridge configuration. The output of this bridge,
which can be zeroed for the particular reference tempera-
ture of the liquid, is amplified and added to ihe density-
meter signal.

Further control over the gain of the amplifier is pro-
vided, so that a large range of liquid-density/temperature
coefficients can be accommodated. The maximum rate of
compensation is, in fact, 0001 gm per cc per "C, with
even higher rates in the less sensitive ranges of the instru-
ment ; the temperature range of compensation is +10 "C
about the datum.

A useful feature of the unit is the provision of a relay
output that makes on/off control of the temperature of

Fig. 2. The equivalent electrical circuit between the electromagnet
and the phase-sensitive detector of the specific-gravily meter's
control system

C = INERTIA OF PLUMMET

R = VISCOSITY OF LIQUID

fa: = INTEGRATING ACTION OF
PLUMMET POSITION

Vv = VELOCITY OF PLUMMET
1 = DOWNWARD FORCE ON PLUMMET
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Fig. 3. (a) The zero-suppression unit for the Sangamo
specific-gravity meter; (b) a simplified circuit diagram of the
zero-supression unit

the process liquid possible at the datum temperature. By
this means, the range over which compensation is required
can be reduced, hence reducing errors due to liquids with
very non-linear coeflicients; alternatively, a fluid-tempera-
ture range outside that of the compensation unit can be
dealt with.

Mechanical Construction

It will be appreciated that the distance bceween the
electromagnet and plummet must be accurately held, since
the force between the two is a direct function of this. The
location of the plummet is fixed by the sense coils as
previously explained. By embedding the sense coils and
electromagnet in an epoxy resin casting, this requirement
can be met, with the added advantage that a chemically-
inert material is in contact with the process liquid. The
plummet density is adjusted by attaching to its surface
a weight, which is normally made of stainless sieel and is
sealed to the surface with epoxy resin.

Fig. 4. The temperature-compensation unit, which permits a
maximum rale of compensation of 0-001 gm per cc per C
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The electronics pack is housed in a cast-aluminium box,
which is arranged to be sufficiently sealed to allow gas or
air pressurizing and thus enables the unit to meet require-
ments for hazardous atmospheres. Both the zero-sup-
pression and temperature-compensation units also have
provision for pressurizing.

The maximum ambient temperature that the electronics
housing can tolerate s 50 "C, while the epoxy probe will
operate in liquids up to 170 “C. In use, the instrument can
be mounted directly in a tank or in a pipe-line, but it is
more usual to make use of a sampling tank; this in turn
is fed from a bypass on the pipe-line carrying the liquid
which is being monitored.

Performance

When due attention has been paid to the temperature
of the measured liquid, and gas has been eliminated as far
as possible, the repeatability of the instrument has been
found to be within +0-0001 gm per cc. This is obtained
with the minimum difference (0-05 gm per cc) bectween the
plummet and liquid density, and thereafter, the repeatability
becomes approximately +0-19% of this difference in density.
The limitation on the difference between the plummet and
liquid density is mainly due to the increasing degree of
non-linearity that occurs as it gets smaller.

Despite this limitation, advantage can be taken of the
improved performance obtained by reducing this difference;
for measurement over small spans (say 0-005 gm per cc),
it is possible to operate with a difference between the
plummet and liquid density of 0-03 gm per cc.

Calibration

Instruments are normally delivered calibrated over the
customer’s required range, with the calibration correct at
about 20 “C. The calibrating standard is accurate to
+0-000!1 gm per cc, and spot checks have shown that, after
calibration, the instrument can be used to make absolute
measurements of density with an accuracy of typically
+0-0003 gm per cc, with a difference between plummet
and liquid density of 0-2 gm per cc. This is about the
working point of instruments so far delivered. Calibrations
can be corrected, with a small reduction in accuracy. for
any temperature within the working range.
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Applications

The applications of the Sangamo specific-gravity meter
spread over a wide range of industries. In brewing, for
instance. there are many points in the processes (at the
run off of the mash tuns, during the fermentation process,
and in the blending or filtering of various beers) where
it is important to know the density of the beer or beer wort.
The instrument is already in service in breweries (see Fig. 5)
to provide continuous monitoring of density at such points.

In many sections of the sugar and confectionery indus-
tries. density measurement is important: the instrument has
been used to monitor the concentration of various sucrose
solutions. and has been demonstrated measuring the density
of molasses with a viscosity up to 3.000 centipoise. Other
applications in the food industry include measuring the
density of tea, coffee and meat extracts. miik processing,
yeast suspensions etc.

Various applications also arise in the refining, blending
and transit of many different oils and petroleum products:
evaluation programmes have been carried out to demon-
strate the suitability of the instrument for many of these
products.

In the chemicals industries, a vast range of materials
and processes exists where density measurement is impor-
tant. Control of polymerization processes, resin manu-
facture. plastic film, paper coatings, electrolytic solutions,
crystallization processes, distillation columns and produc-
tion processes for various acids and alkalis etc. are typical
applications. Applications also arise in rubber processing,
atomic energy and in various research projects. where the
monitoring and control of a particular solution can be
achieved by measuring its density.

The high accuracy of measurement which the instrument
offers. together with its robust construction and versatility
of range and working spans, permits its application in an
increasing number of industries. Its d.c. millivolt output
can be adjusted over a very wide range and miay be fed
into a suitable indicator, recorder or process controller.
Density measurements of any volume of soluiion above

Yarn Tension Control

A side-unwinding process, developed jointly by Westool
Ltd. of Bishop Auckland and 1.C.I. Fibres Ltd., has over-
come many of the problems previously associated with the
tension control of a running yarn. 1t is claimed that the
new process allows all the yarn from the supply package
to be used. resulting in a saving of approximately 237,
and experiments have shown that it is possible to hold
yarn tension as low as 5 gm (with an accuracy of better
than =1 gm) at yarn speeds of 5C0 ft per min.

Previously, friction-type tensioning devices gave only a
coarse control and had a tendency to ‘polish’ or ‘burn’ the
yarn when it was travelling at high speeds. In the new
method of tension control, yarn from the supply package
is taken from the side of the package and threaded through
a fixed guide. around a movable guide suspended on a
dancer arm. through another fixed guide, and then via some
form of capstan haul-off device into the draw frame. The
supply package is driven from a constant-speed motor (or
from some suitable point on the machine). either direct or
by means of a belt, to a specially-designed Warner electro-
magnetic clutch and brake unit, which carries the supply
package on its outer diameter: the excitation of this unit is
supplied by a transistorized servo amplifier that is con-
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Fig. 5. Here, the Sangamo specific-gravity meter can be seen

installed in an Ind-Coope pilot plant at Burton-on-Trent

approximately 50 cc may be made in beakers, storage
tanks etc.. though they can readily be made of a flowing
liquid by using the sampling tank that is available.

trolled by a potentiometer mounted on the dancer arm.

With the device running and the dancer arm in its mid-
position. neither clutch nor brake is energized and the
stock reel is free to rotate.  Should the tension tend to
increase. however, then the dancer arm is raised. thus
energizing the clutch ; the degree of energization (and hence
rate of acceleration) is governed by the displacement of
the dancer arm from its mid-pasition, and this causes the
supply package to speed up ; the rate of yarn delivery is thus
increased. reducing the tension until the dancer arm is once
more in its mid-positicn. Should the reel overfeed. there
will be a tendency for tension to fall and the dancer arm
will be lowered ; this will emergize the brake. the degree of
cnergization again being geverned by the displacement of
the dancer arm from its mid-position.

It should be noted that this is really a tendency and not
an actual change, since the dancer arm is purely gravity
loaded ; no change in tension will take place, therefore.
as long as the arm does not come into contact with its end
stops. The response of the unit and the acceleration torque
available allow the draw frame to be started up under
normal conditions without any yarn breakage.

For further information arcle No. 52
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This is the second article in a series on vibrators for
environmental testing. It deals with vibrator systems and
discusses various characteristics which have to he taken
into account when a system is in use or when it is being
purchased.

the design details of electromagnetic vibrators. How-

ever, important as this is it must be considered in
relation to the drive amplifier and instrumentation which
constitute an electromagnetic vibration system. All the
major parts of a system must be designed to work entirely
satisfactorily one with the other. Fig. 1 illustrates
diagrammatically an electromagnetic vibration system for
sinewave operation utilizing a water-cooled vibration exciter
and a water-cooled amplifier.

A vibration system consists of a signal source (sine
oscillator), a power amplifier and a vibrator. Additional
components are a power supply with a d.c. output to feed
the field of the vibration exciter, cooling systems for
vibrator and amplifier and some form of device to control
and measure the vibration level.

THE previous article in this series dealt with some of

The Vibrator

The electromagnetic vibrator is a versatile machine
capable of supplying force over a very wide frequency range
(even at d.c.). The force output is directly proportional
to the current passing through the moving coil (over most
of its frequency range) and this current is easily controlled
by the cperation of the gain control on the amplifier. This
machine will therefore be expected to fuifil a number of
test functions, including:

(a) subjecting light specimens to high acceleration levels
(b) subjecting heavy specimens to low acceleration levels
(c) subjecting light specimens to low acceleration levels and
(d) operating at high and low temperatures and high

altitudes for combined climatic and vibration testing.
(The above tests will probably be executed with both
sinusoidal and random drive signals.)

Because of the variety of specimens which must be accom-
modated, the vibrator should have a large diameter table
with numerous fixing points to facilitate easy attachment
of the store.

The table should be light in weight in order to
satisfy condition (a) above. The maximum acceleration
a machine will achieve is given by the ratio:

force output of the vibrator in Ib
weight of moving assembly in Ib

In order to achieve a low table weight the manufacturer
must economize on materials and may have to reduce the
number cf store attachment points.

A very light table may have a low first major resonance
due to excessive flexibility in the table structure. These
factors are important as frequently specifications call for
the testing of a store to high frequencies—for example, up
to 5 ke/s. If a vibrator has a first natural table resonance
significantly below this, perhaps at 2 kc/s, the store will
probably not be correctly tested because the vibrator mov-
ing system might become decoupled at resonance. In this
case the energy will not be imparted to the store. Fig. 2
is a simplified equivalent mass-spring system of the vibrator
moving system and store. The mass M, is the body of the
vibrator and as the mass is very large it can be considered
an immovable body for the benefit of this discussion. The
mass of the actual drive coil is M, and is usually quite light

* i’yﬁing Ld.
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as well as being the forcing member. The mass of the
table to which the store is bolted is represented by M, and
K, is the stiffness of the coupling between M, and M,, and
is in series. The member marked K, is a low spring-rate
suspension which is designed to maintain the moving coil
in its correct position in the vibrator. This is in parallel
with masses M,, M, and M, and at high frequencies has
little effect on them. The mass M, is the store and K, the
stiffness of the attachment bolts, etc.

From this diagram it will be seen that if K, is not stiff
enough the forcing member (coil) M. cannot impart energy
to M, and therefore the store M, will not be vibrated.

It will be appreciated therefore that before purchasing
equipment careful consideration should be given to the test
specification in relation to the vibrator specifications.

Most electromagnetic vibration exciters are available with
trunnion supports. With a trunnion support the vibrator
can be operated with the thrust axis vertical or horizontal.
This is particularly useful with the larger vibrators which
will be used for testing heavy stores. Most specifications
call for the vibration testing of stores in three mutually
perpendicular planes. With the arrangement shown in
Fig. 3. it will be realized that the weight of the store in
relation to the capability of the vibrator (in the forcground)
is such that the store can be turned through 90° and still
be readily mounted on the vibrator table. However, if the
store were very much bigger and heavier, the static load of
the store wou!d have to be removed from the vibrator table
in order to maintain the vibrator drive coil in the correct
position in the magnetic field (as shown on the vibrator in
the background and also illustrated in Fig. 4(a)). This will
ensure that the vibrator will not be displacement limited in
the downwards direction. When vibrating the store at 90°
to the first direction, the weight must again be removed
from the vibrator to prevent the overloading of the vibrator
suspension system. Fig. 4(b) illustrates the correct arrange-
ment.

In order to decide the maximum load which may be

Fig. 3. In this picture a medium
thrust vibrator is shown testing
an aircraft dual control valve under
simulated conditions
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Fig. 1. This shows the inter-
wiring diagram of a modern
electromagnetic vibration exciter
system employing liquid cooling
for both the amplifier and vibrator

MAINS
INPUT

Fig. 2. This simplified equivalent mass spring system represents
the vibrator moving system and store
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Fig. 4.

vibrated without additional support in the vertical direction,
the manufacturer should be consuited. He will advise
either the spring rate of the machine or the maximum
permissible 1oad.

Obviously a vibrator having a low suspension stiffness
could be displacement limited in the downwards direction
with relatively light loads and to overcome this problem
one must resort to the inconvenience of additional external
suspension. One manufacturer overcomes this problem by
incorporating automatic load compensation within the
shaker by pneumatic methods. A vibrator of 15,000-1b
thrust can freely support a load of 1,000 Ib when constructed
in this manner.

When operating with the thrust axis of the vibrator
horizontal the same considerations apply except that now
the lateral strength of the table lateral supports is the
deciding factor. Again the manufacturer will supply the
information required. Fig. 5 illustrates a vibrator mounted
in a trunnion support.

Other factors to be considered by the user of electro-
magnetic vibration systems are:—

System distortion

Minimum noise

Lateral motion

Displacement capability

Velocity capability

The behaviour of the table over its diameter at high
frequencies—often called ‘table break-up’.

(All the above parameters are as measured at the table
surface.)

7. The effect of a load on the table characteristics.

Items 6 and 7 are most important but frequently are not
considered by would-be users.

e S

The Effect of a Load on an Electromagnetic Vibrator
Table

Axial Resonance

Performance characteristics of vibrator systems are
usually quoted by the manufacturer for ‘unloaded-table’
conditions. While this is an unrealistic condition it does
give the purchaser an excellent idea of the system perform-

110

This illustrates the correct
methods of supporting a heavy
store for (a) vertical and

(b) horizontal vibration testing

ance and is in fact the only truly repeatable condition. No
two stores are likely to be identical and the manufacturer
cannot therefore be expected to anticipate the load con-
figuration. However, he must allow for loads in his design
and will ensure that the addition of a load changes the
performance of his vibrator as little as possible. A change
in performance is unavoidable when the weight of the store
is high, see Fig. 2. This condition is catered for by the
manufacturer who will usually be able to supply curves
showing the change in vibrator characteristics when a ‘dead
mass’ load (one having no intrinsic or mounting resonances)
of a certain weight is vibrated. Fig. 6 is a graph showing
vibrator characteristics with and without load.

Table Break-up

Fig. 2 is a simplified equivalent spring-mass diagram and
does not allow for flexural modes of the masses. It is
important to know which form the first resonance of the
vibrator takes, whether it is the flexural, or bending mode
(sometimes called diaphragming) or whether it is the axial
resonance caused by M,, M, and K, (Fig. 2) resonating.
If the bending mode is the first resonance it means that
energy is still imparted by the coil to the table and over
some of its diameter a useful thrust may be realized at this
frequency. An accelerometer at one position on the table
may indicate a satisfactory level but other parts of the table
will be operating at radically different levels. If a store is
mounted on the table it will not be satisfactorily tested if
the accelerometer is on a different part of the table from
the store, or if the store covers the whole diameter of the
table.

The addition of a mass to the table will change the char-
acteristics of this resonance—just as it changes the axial
resonance. The geometry of this mass is a critical factor.
Because of this it is difficult for a manufacturer to advise
on the effect of the load or table break-up.

Displacement and Velocity Capability

Among the performance limitations of a vibrator system
are the maximum table movement in the direction parallel
to the thrust axis (the displacement limit), and the maxi-
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mum velocity at which the table is capable of moving in
this direction. The values of these limits will be governed
either by mechanical considerations of the vibrator or
electrical characteristics of the amplifier.

The displacement timit is usually a mechanical limit
which is a function of the design of the vibrator. Fre-
quently mechanical stops and electrical switches are pro-
vided to ensure the design limits are not exceeded.
Occasionally a limit will be applied which is below the
mechanical limits. This reduced movement is caused by
the drive amplifier limitations.

A velecity limit beyond which the table should not be
driven will be recommended by the manufacturer. This
again is a function of design and is generally applied to
ensure long life of the table suspension elements as internal
damping within these components might cause the genera-
ticn of excessive heat.

This mechanical limit is usually very high, 70 in. sec or
more, and will not usually prove of embarrassment. Fre-
quently, however, a complete system will have a velocity
rating quoted by the manufacturer which is below the
mechanical limit. This is a drive amplifier limitation and
brought about by optimization of amplifier output voltage
(and hence power) in order to achieve an economic system
cost.

For a given amplifier a vibrator system may have its full
thrust capability, but only a limited velocity capability. In
order to achieve the full velocity capability, a drive amplifier
having a much greater output voltage and therefore con-
siderably greater power would be required. This is largely
due to the back e.m.f. generated at high velocities which
necessitates a high voltage from the amplifier in order to
pass the required current through the vibrator drive coil.
Alternatively, the same system might be capable of pro-
viding its maximum velocity capability but with a reduced
thrust at the higher frequencies. This is achieved by
matching the amplifier to the vibrator at a lower frequency
than usual. The price difference between these two systems
will be appreciated as being very significant.

Lateral Motion

Lateral motion is the term given to motion of the table
in any direction other than the direction parallel to the
thrust axis. This motion should, ideally, be non-existent,
but unfortunately because of the very wide operating
parameters of a vibration exciter, some motion is inevitable.
This lateral motion, or ‘cross-talk’ as it is often called,
should be low for an unloaded table over much of the fre-
quency range of the vibrator. At very low frequencies the
table (armature) lateral supports will offer a significant con-
straining effect and the very small movements which might
occur normal to the thrust axis will be of virtually insignifi-
cant acceleration levels at these low frequencies. Cross-talk
will become more noticeable at high frequencies for two
main reasons:—(1) the suspension, or lateral support,
system will have decoupled from the table which means
that no constraint will be offered to the table for small
lateral movements of the table, and (2) small displacements
at high frequencies correspond to high acceleration levels,
e.g. a peak-to-peak sinusoidal motion of 0-001 in. at 2 kc/s
corresponds to an acceleration in excess of 200 g.

From the foregoing it will be realized that cross-talk is
a mass dependent function over much of the frequency
range of a vibrator and is therefore controlled by the effec-
tive dynamic centre of gravity of the vibrator table and
store and jig. Only at very low frequencies is it a function
of the table lateral supports.

Care should be taken when fixing the store to the vibrator
table to ensure that the centre of gravity is coincident with
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Fig. 5. The vibrator shown, a Pye-Ling shaker model V1007, is
air cooled and has a force rating of 1,800 Ib thrust and a bare-table
acceleration of 90 g

the central axis of the table. If the centre of gravity is too
displaced trom this position, increased lateral motion will
probably result, and in very severe cases some damage might
result to the vibrator.

System Noise Level

Most component parts of an electromagnetic system are
potential sources of noise and hum. Manufacturers quote
noise and hum levels for each item with reference to the
maximum output voltage of the unit. It is most important
to keep these unwanted signal components to a minimum
as otherwise distortion ot the vibration signal as monitored
at the vibrator table will be significant. This noise level
will also define the lowest level to which one can test.

Fig. 6. The effect of a load on a vibrator table is indicated by this
graph of acceleration vs frequency (curve A is for a 250-Ib mass
load and curve B for a 106-5-Ib mass load)
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ELECTRONICS
COMMUNICATIONS
INSTRUMENTATION
CONTROL

Some specifications cali for a wide range of test levels over
a wide frequency band ; i.e. a few thousandths of an inch
at 5 c/stoseveral g at 5 kc/s.

A small displacement at 5 c¢/s is a very small value of
g and is therefore very near the noise level of even a very
good system. Typical noise levels for electromagnetic
vibration systems will be 0-1 g or less.

Distortion, while inevitable, must be kept low. The
purity of the applied signal is important as the frequency
range of operation is wide and will include, at most fre-
quencies, the lower order harmonics. In addition, the ‘Q’
of the moving assembly (or table) resonance will be quite
high and this resonance will be excited by harmonics of
the applied signal. This gives rise to significant distortion
unless the harmonic distortion of the applied waveform is
very low.

Conclusion

It will be appreciated that the quality of the electronics
in the vibrator system must be very high. The vibrator
itself must be constructed of carefully selected materials
and manufactured to an extremely high specification in
order to satisfy all the requirements placed upon it. A
vibration test system is designed to test a very large number
of specimens during its anticipated life, and many of these
specimens will have to be tested to destruction. Reliability
is therefore of high importance.
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Second Intelsat Communications Satellite Launched

The second in the INTELSAT series of communications
satellites was recently launched from Cape Kennedy. It
reached a highly-elliptical transfer orbit and while it was
in this orbit detailed computations were carried out on the
ground. The results of these computations determined the
time at which the satellite’s motor should be fired to thrust
it into an equatorial synchronous orbit over the Pacific so
that it would appear to remain stationary near the inter-
national date line.

The satellite acts as a microwave relay station for trans-
mission of telephone, teleprinter, television, data and

facsimile communication. It links earth stations in the
state of Washington, US.A., in Hawaii, Japan and Car-
narvon, Australia, and will provide communications sup-
port for the Apollo manned moon-flight mission. A further
satellite is planned for an orbit over the Atlantic to link
American and European stations.

Owned by the International Telecommunications Satellite
Consortium (INTELSAT), the satellite is operated by
COMSAT, the Communication Satellite Corporation.
Launched by the National Aeronautics and Space Admini-
stration. it was built by the Hughes Aircraft Co.

The satellite is powered by 12,756 silicon solar
cells which provide an output of 85 W. Four
travelling-wave-tube amplifiers are used and any
three of these can be operated at one time to
provide a transmitted power of 18 W. Compared
to the Early Bird satellite, which transmits a
power of 6 W and accommodates 240 two-way
voice channels, the new Pacific and Atlantic
satellites offer a greater geographical coverage and
a greater capacity for communications traffic.

The first satellite of the series, launched in
October 1966, was unable to achieve the desired
synchronous orbit and is travelling in an elliptical
path. It is, however, in use and provides limited
communications facilities. The results of tests
and investigations into the cause of the failure
have been used in the design of the second and
third satellites.

This picture of the INTELSAT satellite shows the solar
cells around the outer shell, the motor at the bottom
of the structure, and the microwave aerial at the top
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Elecironic Photo-typesetiing Sysiem

of which was supported by the National Research

Development Corporation, K. S. Paul & Associates
have produced an electronics-based photo-typesetting system
that operates at speeds approaching ten times those attain-
able on present-day photosetters, and yet which is of the
same order of cost.

The Paul-PM filmsetter equipment consists of a number
of *building blocks® (photo-setter, keyboard, justifying calcu-
lator. tape merger and monitor), which can be combined in
various ways according to the mode of operation required.

Three principal modes of operation are envisaged. the
first involving production at the keyboard stage of ‘justified’
tapc—that is. punched-paper or magnetic tape which has
been coded so that each line of type is automatically
adjusted to a regular column width. In this mode. each
keyboard is connected to a justifying calculator and the
tape produced is suitable for direct operation of the photo-
typesetter: in addition, a tape-merging unit is required for
corrections. In the second mode, unjustified tape is pro-
duced at the keyboard stage, and a monitor unit is required
to convert the unjustified tape into a form suitable for the
photo-typesetter: the same unit is used for corrections.
The third mode is that in which the photo-typesetter alone
is used. being directly operated on-line from a computer.

The photo-typesetter unit uses the principle of flying-
spot scanning to generate video signals for each character
to be reproduced.

On the face of a cathode-ray tube, known as the index
tube (see Fig. 1), the light spot is made to produce a 5-cm sq.
raster containing many fine vertical lines. This raster can
be formed in any one of 16 positions on the tube face,
and at some distance from the tube a group of 16 lenses
forms an image of the whole face of the tube on each of
16 areas of a glass matrix plate. Each area of the matrix
plate contains negative photographic images in groups of 16
characters. and according to the position of the raster on
the tube face, one character in each of the 16 groups
will be illuminated by each raster.

Finally. there are 16 photo-cells

SFTER a six-year development project, the latter part

On the face of the print-out tube, the light spot is made
to generate straight lines in synchronism with the successive
raster lines: however, these lines are all described in the
same positions on the face of the tube, and so there is no
electronic 'Y deflection’. l.ight from the tube is collimated
and passed via a mirror to a lens, which forms a reduced
(1:20) image of the c.r.t. face in the plane of a piece of
film. The lens is fixed to a reciprocating carriage, which
makes horizontal movements corresponding to the length
of the line of characters being set, and as the lens moves
the successive lines displayed on the face of the print-out
tube are exposed side by side on the film. The brightness
of the print-out spot is controlled by a video signal from
the flying-spot scanner, so that in practice only parts of
lines are exposed to build up character images.

Also attached to the moving carriage is a fine-line grating
approximately 12 in. long; as this moves, it interrupts the
path of a beam of light between a static light source and
photo-cell, thereby generating 1.300 pulses per in. of carriage
movement. To these pglses are synchronized the line fre-
quency of the raster oh the flying-spot scanner and the
successive lines on the face of the print-out tube; in other
words, the °“grating pulse generator’ forms a master clock
for the photo-setter. In addition, the pulses are counted to
give accurate positioning control of the print-out.

Between cach sweep of the lens carriage, the film maga-
zine (which is accurately reversible) advances the film ready
for the next line: this movement is controlled from the
input signals and is made in }-pt. increments. A cassette
system is used, having a roll capacity of 100 ft, but there
is also a facility for exposing on single sheets: either film
or paper may be used, and the image may be selected for
right reading or wrong reading.

This print-out system has many advantages over other
systems in which whole characters appear on the face of a
cathode-ray tube. First, there is no restriction on the
length of the printed line—in the present machine the
maximum line length has been limited to Il in., which is
sufficient for most purposes, but in principle there is no

positioned behind the matrix-plate (one
for each group of characters), and at
any one time the output from only one
of these cells is selected and fed to the
subsequent reproducing system: thus, by
selecting one out of 16 raster positions
and one out of 16 photo-cell outputs,
access is obtained to 256 character
locations. The matrix plates are pre-
pared photographically, being approxi-
mately 15 c¢m square, and an electro-
magnetic matrix-change mechanism is
provided. which is automatically con-
trolled by the input signals to the
machine: this mechanism can be loaded
with any combination of four different
plates to give a total of over 1,000
different locations.

The reproducing system consists of a
print-out cathode-ray tube, a moving
lens and a film magazine (see Fig. 2).

Fig. 1.
glass matrix plate.
required character is selected by one photomultiplier

The whole of the c.r.t. face is focused on to each of the 16 areas of the

16 PHOTOMULTIPLIERS

ARRAY (= 0UTPUTS TO
CCC. » REPRODUCING
« SYSTEM
C/CC
e
P
T
CC
)

GLASS MATRIX PLATE
(256 CHARACTERS)

Sixteen characters are ‘illuminated’ by each raster and the
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reason why the whole width of, say, a newspaper page
could not be exposed. Secondly, because of the large
optical reduction involved, the quality of the exposed image
is not critically dependent on the properties of the print-
out cathode-ray tube; to achieve equivalent quality using
a wide c.r.t. and fixed lens, the tube would have to be
6 m in diameter. Thirdly, the positional accuracy of the

Fig. 2. The reproducing system, showing the c.r.t. print-out
assembly. Each selected character is focused on the photographic
film, lines of copy being built up by means of a synchronized
reciprocating carriage

exposed matter is independent of the electron optics of the
print-out tube, being controlled from the grating pulse
generator.

This third point is particularly important, because the
final quality of photo-set texts is as dependent on posi-
tional accuracy as it is on the quality of the individual
character images. For this reason, the positioning accuracy
of the system has been rendered independent of the electron
optics of the flying-spot scanner and the accuracy of the
character locations on the photographic matrix plate. This
is achieved by photographing each character together with
two fine reference lines, one on the left and one under-
neath; the horizontal and vertical positioning of the scan-
ning raster is then locked on to these reference lines by
a feedback system.

Computer-Controlled Warehousing

Europe’s first computer-controlled high-stacking ware-
house is to be installed by the Westinghouse Electric Corp.
at the new diesel-truck assembly plant of AB Scania-Vabis
in Sodertalje, Sweden. The basis of the system (see
schematic diagram) will be a ‘Prodgc’ 50 computer, which
will select storage locations for pallets containing com-
ponents and then direct the cranes that handle them. The
computer will also order the retrieval of the pallet loads
according to the type and quantity of their contents, dis-
tribute them to the appropriate conveyors, and monitor all
the different operations.

All operations will be directed by one operator from a
central console. Items coming in on the conveyor belt
will be counted automatically, and a c.c.t.v. monitor will

indicate which checking stations are free to receive the
goods: orders can then be given for the checking tools to
be set up, and the pallets will be sent to their stations. Once
checked, the parts will be conveyed to the warehouse. where
cranes will be directed to store them.

The computer will also direct the handling of components
from storage to assembly lines, being capable of interrupt-
ing and changing its orders to the cranes and conveyors
during any of the operational phases. If a fault occurs,
the system will automatically redirect loads on a priority
suitability basis, at the same time printing out a message
to maintenance staff suggesting what action it is necessary
to take.

For further information crcle No. 53

QUALITY CHECKING
[ AN

1§ DISTRIBUTION TO ASSEMBLY STATIONS

This block/schematic diagram illustrates the organization of the
computer-controlled warehousing system. The warehouse itself
will contain 7 stacker cranes and 18 rows of storage racks, it
will measure 154
will be for 15,000 pallet loads

154 > 49 ft, and its normal storage capacity

AUTOMATIC WAREHOUSE

CENTRAL
PROCESS-CONTROL CONSOLE

DISTRIBUTION FOR
SPECIAL DELIVERIES

I %

DISTRIBUTION TO*
ASSEMBLY STATIONS
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APPLIGATIONS
GRIECHNINNES

Hoist Control by Proximity
Detector

In the British Sugar Corporation’s factory
at Colwick a G.E.C. proximity detector is being
used for remote control of a vertical hoist. It
enables a dumper-truck driver to start the hoist
from the driving seat of the truck once he has
emptied his load into the hopper of the hoist.

A pair of electromagnets is attached to the
bottom of the front bumper on the truck.
These actuate the proximity detector head
which consists of a saturable-iron core inductor
buried in the concrete at the point where the
truck is unloaded. Power to e¢nergize the
electromagnets is supplied by the truck’s battery
and is controlled by a push-button on the dash-
board.

Having discharged his load, the driver presses
the button to energize the electromagnets. The
magnetic field set up causes the core of the
inductor to become saturated so that the
impedance of the inductor falls from a high
value to a low value. A signal is produced
by the detector and this is passed to a thyristor
controlling a relay in the starter circuit of the
hoist motor. The relay closes and the hoist is
raised.

For further information circle No. 54

Airport Information Equipment

A number of interesting technical features
have been incorporated into an airport pas-
senger-information system that has been
ordered by the Soviet Union from the Hun-
garian electronics industry. On the illuminated
announcement ‘boards, for example, the
luminous points forming the letters and digits
consist of neon-filled triple-electrode relay tubes
which (in contrast to normal light sources) not
only emit light but also, when receiving an
appropriate pulse, turn on and off without any
special equipment. This enables considerable
miniaturization to be achieved, allowing the
35 lights for each letter or digit to be set in an
8 X 12-cm area instead of the previous
42 X 58 cm.

The panel of the arrival/departure indicator
has a capacity of 400 letters or digits (in either
Roman or Cyrillic script) and, when changing
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the infermation, only those words or digits that
require correction need be cancelled. Text can
be written on the board with a standard auto-
matic telegraph, thus eliminating the need for
separate control facilities, and the equipment
may be connected into the international telex
system to permit very remote control if
necessary.

Thyristor Control of Cranes

For what is believed to be the first time
thyristors are being used in control equipment
for cranes. The equipment, known as the
*500-LINE’ produced by Westinghouse Elec-
tric, includes a unit for control of the hoist
drive and a unit for control of the travel drive
of overhead bridge and trolley cranes.

The solid-state a.c. units replace existing d.c.
constant-voltage drives which are commonly
used and they eliminate the equipment required
for the conversion of ac. to dc. Also, they
eliminate the need for the saturable reactors
used in previous a.c. drives. Their weight is
substantially less than that of earlier systems.

The equipment is available for use with
125-h.p. motors. The crane hoist unit is used
to control and reverse the a.c. power fed to the
polyphase motor which raises the crane hook.
It provides a fast, smooth-response drive, the
speed control of which is unaffected by the load.
Precise speed regulation and stepless speed
control allow the load to be suspended at
a required height for critical positioning
operations.

The crane travel control provides accurate
positioning without jogging. Stepless control
down to zero torque is possible.

For further information circle No. 55

This shows a thyristor crane-hoist control unit being
tested. It is more compact than earlier types of crane
control units and offers improved reliability, is easier
to instal and requires less maintenance
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Here the equipment is
being set up for a test
period lasting 1,600 hrs
—equivalent to about
two years' exposure to
sunlight
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Automatic Tank-Filling Control

Potentiometers made by the resistor division
of the Plessey Components Group are helping
to provide simple, accurate and reliable control
in an automatic tank-filling system recently
introduced by Fielden Electronics. The system
facilitates the safe filling of tankers with such
inflammable liquids as parattin., petroleum spirit
and naphtha.

The Fielden type TTR 1 controller consists
basically of a capacitance level switch connected
to a control unit, with adjustable feedback
channels to give the required characteristic.
In all, eighteen pre-sct type-MP potentiometers
are used—for setting the top, middle and bottom
scale calibrations on each of two sensing ranges
for the three types of liquid.

The sensing electrodes are lowered into the
tanker with a loading arm. and the required
liquid and level are sclected ; the electrical out-
put signal from the clectrode is then converted
into an air signal, which is proportional to the
level sensed by the clectrode and controls the
appropriate valves.

For further information circle No. 56

Testing Paint Fading

Equipment installed at Drynamels Ltd., a
Tube Investment Company in Birmingham, is
evaluating the fading cffect of sunlight on
paint much more realistically than conventional
ultra-violet radiation techniques. ‘Xenotest’
apparatus is being used to subject, simultane-
ously, up to 100 test pancls of paint to the
fading effects of several years’ of exposure to
sunlight. by reproducing the effects in a highly
intensified form.

The light fastness of pigments and dyestuffs
for building paints, industrial finishes and

special coatings is checked by means of con-

tinuous rotation about Xenon-discharge lamps
(see picture), which produce an intense source
of ultra-violet light in an atmosphere of
controlled humidity.

For further information circle No. 57

Ultrasonic Transducer for Liquid
Processing

A high-intensity ultrasonic transducer, for
use in the processing of liquids in chemical,
pharmaceutical and other research and develop-
ment applications, has been developed by the
Westinghouse industrial equipment division.
Due to the focusing action of its cylindrical
transducer clement and the short transmisison
distances. relatively high viscosity chemicals
can be treated effectively; the treatment time
can be varied by controlling the flow rate
through series or parallel arrangements of the
basic transducer elements, and batch treatment
is also possible by using one or more transducer
elements as the batch container.

The power intensity level of the device can
be about an order of magnitude higher than that
provided in conventional high-power ultrasonic
cleaning units (which have an intensity level up
to about 10 W per sq. in.), and it is particularly
effective for breaking up suspended particles or
causing adjacent molecules to interact or
separate when they normally would not do so.
The transducer element consists of magneto-
strictive ring laminations, bonded to a hollow
stainless-steel cylinder which serves as the pro-
cess chamber; direct and aiternating currents in
a toroidal winding then establish the magnetic
fields required for radial vibration of the
cvlinder. The unit is water cooled, flange-
mounted caps being available to scal either end
for batch testing at pressures from atmospheric
up to 250 p.s.i.

For further information crcle No. 58

Thyristor-Controlled Drive Motors

A complex control scheme, using thyristors
to provide accurate speed-control and speed-
matching facilities for the drives of a paper-
making machine, has been supplied to the Reed
Paper Group at Imperial Paper Mills, Graves-
end. by the General Electric Company.

The paper-making machine includes ten
mechanically-separate units (two of which
incorporate multi-motor drives) and these rely
on the control system for the matching of their
speeds. For paper-making. a wide range of
overall speed control with precise speed-match-
ing between the various drives is required, and
the control scheme must also enable slight
adjustments to be made to the speed of each
motor, in order to provide ‘draw’ facilities as
the paper passes through the machine.

In both the wet and dry sections of the paper-
making machine, two speed-control loops are
provided. The first controls the armature
voltage (and hence the speed) of a ‘master’
motor, whose shunt field is fed from a constant-
voltage supply; the armatures of the other
driven motors on the same section are fed
in parallel with the armature of the master
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motor, and thus run at an approximate speed
match. The second loop functions as an auto-
matic shunt-field current regulator to provide
accurate control of the speed of the individual
drive relative to that of its master motor.

For further information circle No. 59

Quicker Vibration Analysis

Equipment developed by Marconi Instru-
ments in collaboration with the steam turbine
department of English Electric has reduced the
time taken for vibration analysis of steam
turbine rotors from weeks to hours.

Previous methods of vibration analysis con-
sist of displaying signals from strain gauges on
oscilloscopes and the manual tuning of wave
analysers to test particular frequencies of
vibration. The Marconi units, known as selec-
tive level meters or synchronous wave analysers,
replace the oscillescopes and the manual tuning.

The signals from the strain gauges are
recorded on multi-track magnetic tape and the
recorded signals provide the inputs for a bank
of selective level meters. A digital method is
used to produce tuning signa!s so that each
level meter is tuned to a different frequency
corresponding to a harmonic of the rotor speed.
Outputs are taken from the meters to an ultra-
violet recorder to provide a permanent record
of vibration at different speeds.

For further information crcle No. 60

Transparent Ceramic

General Electric Company of US.A. has
developed a polycrystalline ceramic material
that, when polished, is as transparent as glass
and yet can withstand much higher tempera-
tures; named ‘Yttralox’, it has a melting point
above 4,000 °F, whereas glass softens at tem-
peratures ranging from about 2,000 to 2,600 °F.

The ceramic is made by pressing into the
desired shape a powder of yttrium oxide mixed
with a small amount of thoria. and then firing
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it at about 4,000 °F ; this process removes the
microscopically-small pores from between the
powder particles, which account for the opacity
of conventional ceramics by scattering light.

One of the many applications foreseen for
this material is in improving high-intensity
incandescent and discharge lamps, and it may
also find uses as a ‘window’ for high-
temperature furnaces.

For further information circle No. 61

Automatic Batching System

A comprehensive yet compact automatic
batching scheme has recently been installed,
with a new provender mill, at the Bugbrooke
(Northants) mill of Heygate and Sons. Weigh-
ing machines and control gear have been sup-
plied by W. & T. Avery, and the new mill is
expected to improve output by up to 50%.

Designed around bulk-handling techniques,
the mill produces blends by punched-card selec-
tion from up to 28 storage bins. Automatic
hopper scales (see picture) weigh off the
ingredients, which are fed from the bins by
augers controlled by electrical sequencing
equipment ; individual weighments are made to
give greater overall accuracy, and batches are
then transferred by conveyors for mixing.

An operator at the control desk can control
all the operations for selecting and weighing
off batches, as well as operating the conveyors
and mixer. A display panel gives information
regarding the ingredients stored in each bin,
and the punched-card reader is also mounted
on the console. The indicator dials of the
scales are fitted with an analogue generator, the
signals from which are used to select and
control the materials at pre-determined weights.

For further information circle No. 62

Two automatic scales (of 1,000 and 150-Ib capaci-
ies) weigh T the ingredients from the hoppers.
The contro desk can be seen in the background
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This shows one of the pilot control consoles.

of course.
course by entering data into the computer via push-buttons.

alteration of flight path

lzurocontrol’s Experimental Centre at Bretigny-sur-Orge.
near Paris, was recently officially inaugurated by Roy
Mason, M.P., Minister of Defence (Equipment), President
of Eurocontrol. The Centre’s task is to :nvestigate and
study techniques and methods of air-traffic control with a
view to increasing the safety and efficiency of air navigation.

Eurocontrol is the international agency formed to be
responsible for contral of air traffic in the upper airspace
regions (20,000 feet and above) over the territories of the
seven member nations. These nations are the U.K., France,
West Germany, Belgium, Luxembourg and the Netherlands,
who were the signatories of the Eurocontrol international
cenvention drawn up in 1960, and the Republic of Ireland
which joined in 1965.

With the increase in the speed of aircraft and the expand-
ing volume of air tratlic, an organization such as Euro-
control was seen to be necessary in the late fifties and early

The cathode-ray screen
can display information on up to 15 aircraft and at any time the operator can
interrogate the computer for full information (such as height, speed,
destination, estimated time of arrival, etc.) using a heyboard. Each pilot-
operator js in communication with the air-traffic controllers over the
telephone system so that the controllers can instruct on required changes
The pilot-operator then causes the simulated aircraft to alter
Also the
operator can advise the controllers when the computer program dictates an

EUROCONTROL
EXPERIMENTAL
CENTRE
INAUGURATED

sixties. In the future, existing equipment and techniques
wil. become inadequate to deal with the amount of traflic
and the Brussels area is already experiencing ditficulties.

In crder to study future conditions, the Experimental
Centre has been equipped with an air-tratfic simulator.
This is the only one of its kind in Europe and was built by
an international consortium of three companies: Plessey
Radar of the U.K., A.E.G.-Telefunken of Germany, and
CSF of France.

The computerized system can simulate up to 300 aircraft
flying within an area of a radius of 600 nautical miles and
being monitored by six primary and secondary radars.
Linked to the computer are a number of consoles repre-
senting groups of aircraft and operators take the part of
pilots to control the aircraft. Radar control desks repre-
senting ground-based air-traffic control centres are in
communication with the pilot consoles and monitor the

Here can be seen an air-traffic
controller's console. The radar
screen depicts the positions of
each of the simulated aircraft, any
one of which can be marked using
a rolling-ball controlled marker,
and can also display a video map.
Each time the controller requires
information on an aircraft or
requires an aircraft to alter course,
he will contact the pilot-operator
controlling that aircraft and pass
the message over the telephone
system

118 Industrial Electronics
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Three horizontal radar displays are installed at the Centre as well as
the vertical displays. The horizontal control desks have positiqns
for four operators. The radar shown here can be seen displaying
a video map so that the positions of the simulated aircraft can be
seen in relation to air traffic lanes and any other important geographi-
cal details. Each operator has a rolling-ball marker for identification
of any of the aircraft on the display

position of each aircraft. The pilots then alter the flight
paths of the aircraft in response to instructions from the
controllers. A supervisory position enables any of the pilots’
or the controllers’ displays to be inspected and permits the
entry of further data in addition to that already pro-
grammed. The pilots, controllers and supervisors are in
voice communication over a telecommunications system
supplied by S.A.I.T. Electronics of Belgium. It reproduces
as accurately as possible actual ground-to-air communica-
tions conditions.

In operation, a program is prepared which will enable
the computer to simulate realistic air-traffic conditions.
This program is executed and data is recorded during the
exercise for later analysis. The record of the exercise can
be replayed at any time so that various aspects of it can be
studied.

In addition to the simulator, a radar link between the
Centre and Orly Airport is being installed so that existing
air-traffic conditions can be studied.

The simulator is operated by the simulation division of
the Centre. A further division is the trials division. This
carries out technical evaluations of both airborne and
ground-based air navigation equipment. These two
divisions can operate in conjunction with each other to
provide national air-traftic control bodies with such services
as the calibration of navigational aids and the performance
of simulated exercises. An additional task to be undertaken
is the training of operators and controllers and instruction
on new equipments and methods. Proposed air-traffic
control complexes can also be simulated, the results enabling
the best possible configuration to be evolved.

The entire installation is constructed on a flexible basis.
This enables it to be modified to represent different areas
of air-traffic control in the upper airspace.

The Experimental Centre is only part of the Furocontrol
organization and it works in close conjunction with the
headquarters staff on several projects. These projects
include flight trials in Germany and France and at
Boscombe Down in England, operational and technical
trials of new equipment, and other tests and investigations
all directed towards rendering air travel safer.

The supervisor's console con-
tains, as shown here, two vertical
radar displays and one pilot
console. From this the super-
visor can inspect any of the radar
pictures or any of the pilots’
tabular displays. He is in voice
communication with the con-
trollers and the pilots and can
interrogate the computer orl/and
enter data into it. In the back-
ground can be seen the large-
screen radar display produced by
a Kelvin Hughes projector
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In addition to the 'blips’ which indicate an aircraft, the simulated
display can include other information as shown in this picture of a
vertical display. The lines associated with each aircraft indicate
the direction of flight while the length of the line represents the
speed. Other coded information, such as aircraft height and
identification, can also be displayed as lines of alphanumerical
characters. One of the experiments being undertaken by the Centre
is an investigation into the use of such additionally-displayed
information in actual air-traffic control centres
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Data Recording
for X-Ray Films

A device which eliminates human errors in the identifi-
cation of medical X-ray films has been developed by Peter
Smith Instrumentation in conjunction with The Royal
Victoria Infirmary at Newcastle upon Tyne. Known as
the ‘Datacord’, it optically marks each X-ray film with the
patient’s name and number and the date. In the past the
patient’s name, number and date were usually copied by
hand on to a piece of wax material which acted as a negative
to print the required information on the X-ray film. It
was often difticult to read and errors could occur.

The illustration shows a radiographer placing an X-ray
film on the Datacord. The X-ray request card has already
been placed in position. At the touch of a button the
required information is printed on to a corner of the film
which has been kept ‘masked’ for this purpose.

The unit is built robustly to stand up to constant use and
the prototype has given almost a year’s trouble-free service
in one of the country’s busiest radiological units. It has
a convenient push-button control panel and incorporates an
electronic timer, which locks to prevent double exposure,
and an exposure light which flashes to indicate that the
exposure has taken place. The image is printed the right
way up on the lower edge of the film so that the data is
not obscured when the film is on a viewing box. Main-
tenance is minimal and spares are readily available.

For further information circle No. 63

Manufacturers’ Literature

Here the Datacord can be seen in use

Automation at No. 4 Avonmouth. An 8-page report on the
application of automation to the Imperial Smelting Corpora-
tion’s fourth zinc and lead smelting plant at Avonmouth is now
available from Elliott-Automation. It describes the whole case
history of the largest automation system ever devised for a non-
ferrous metal plant, and is well illustrated with photographs and
diagrams.

For further information circle No. 64

Control Instruments. Ether have issucd a 16-page catalogue
of their process-control instruments and multi-point indicators
and recorders for industrial. aeronautical and aerospace applica-
tions. Each item is illustrated and accompanied by gencral
notes and specifications, which are also given in German and
French.

For further information circle No. 65

Standard A.C. Starters. A list of the standard a.c. starters
manufactured by the Watford Electric and Manufacturing Co.
is given in this 24-page illustrated catalogue (6700/B). Brief
descriptions of direct-on-line, star-delta, stator/rotor and auto-
transformer types are given, as well as ratings and dimensions.

For further information circle No. 66

Cold Pressure Welding. G.E.C. (Process Engineering) have pro-
duced an illustrated 4-page folder (E193), which describes the
applications of cold-pressure welding techniques. together with
several single-page leaflets outlining the range of their machines
at present available. The process has been developed by G.E.C.
for welding non-ferrous metals and their alloys without using
heat or electricity.

For further information circle No. 67
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Abridged Vahe Data. The first part of this fully-illustrated
72-page booklet gives abridged data for the range of power
valves and microwave, electron/optical. non-thermionic and
other devices manufactured by the English Electric Valve Co.
The second part comprises an equivalents index of all EEV
types. their applicable CV numbers and other manufacturers’
types that they may replace.

For further information circle No. 68

Electronic Components Catalogue. Impectron have issued an
illustrated 36-page catalogue of their imported clectronic com-
ponents. It includes specifications and operating characteris-
tics for their range of capacitors, semiconductors, aerials,
switches, relays, transformers, potentiometers, panel instruments
and ferrites,

For further information circle No. 69

Inventions for Industry. The latest bulletin (No. 29 from the
National Research Development Corporation details a number
of inventions in mechanical engineering. scientific instrumernts,
chemical engineering and miscellaneous fields that are available
under licence for industrial exploitation. Other sections deal
with N.R.D.C's role in automation and review its current
development projects.

For further information circle No. 70

Philbrick Transconductors. Philbrick Researches Inc. have
published a 12-page bulletin (No. 6220) on their range of trans-
conductors.  After a preliminary theoretical discussion, their
trignometic. logarithmic, quadratic and arbitrary-function
transconductors are described. followed by applications notes.

For further information circle No. 71

Industrial Electronics March 1967



Industrial Electronics March 1967 21

Planning your next move?

because you’'ll find the solution to many problems in the manufacture

of electrical components in the versatile “Sellotape’ electrical range—
a range tailor-made for a wide variety of taping jobs—insulating,

"3[ll" I AI ["

securing, protecting, holding, identifying (by printed tape) and many
others. Whether the job calls for an extra-thin insulating material or
for an extra-tough tape for heavy duty work ... whether a component
has to withstand freezing conditions or operate at very high
temperatures you can be sure that “Sellotape’ have a tape for it.

1 “Sellotape” electrical tape is a neat, secure replacement for the
usual metal lamination clamp on printed circuit components and in
double-sided form it secures the component to a circuit board.

2 "Sellotape” Polyester Thermosetting 1607 for security on stick-
wound coils. 3 “Sellotape” elecfrical grade tape is an inexpensive,
easy-to-apply insulating and protective medium for flexible printed
wiring systems. 4 “Sellotape’ electrical tapes wound on a mandrel|
adhesive outermost make inexpensive coil formers.

There is a team of “Sellotape” specialists constantly at work

in this field. The benefit of their experience and advice is always
freely at your disposal.

products—a plus on every production line

SELLOTAPE PRODUCTS LIMITED, INDUSTRIAL DIVISION, SELLOTAPE HOUSE
54-58 HIGH STREET, EDGWARE, MIDDLESEX. Telephone: EDGware 2345, Telex: 262462
GLASGOW OFFICE: 93 HOPE STREET, GLASGOW C2. Telephone: CENtral 6861. Telex: 77534
DUBLIN OFFICE: 1/2 LOWER MOUNT STREET, DUBLIN 2. Telephone: 61108/9
Associated Manufacturing Companies in Australia, Canada, Eire, New Zealand and South Africa
“SELLOTAPE" 15 the registered trade mark of Adhesive tapes Limited

- For further information circle No. 225
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The BSX19 and BSX20 are Mullard n-p-n silicon planar epitaxial
transistors intended for high speed logic and v.h.f. amplifiers.

In switching circuits optimised for high speed operation, propagation
times of 5 to 10ns can be obtained with these transistors. In addition,
their voltage ratings enable DTL circuits to be designed to work from
a 12V supply with high noise margins (2V) at speeds of 50 to 100ns.
High gain and high cut-off frequency make them also suitable as
drivers and amplifiers in mobile and portable h.f. and v.h.f. tele-
communication equipment, where output powers of up to 400mwW
with > 10dB gain are obtained.

Here are brief specifications :

BSX19 " BSX20
aov 40V
15V 15V

Piot (Tamp = 25 C)  360mwW 360mwW
hee - 2060 40-120
fymin (10V, 10mA) 400Mc/s 500Mc/s

t;(lc lg= —lgy 10mA) | 10ns(max) | 13ns(max)

Full technical data on these transistors can be obtained from the
address below. Also available is a Semiconductor Quick Reference
Guide—send for your copy now.

Mullard Limited, Industrial Markets Division, Mullard House,
Torrington Place, London, W.C.1. LANgham 6633. Telex 22281

planar

For further information circle No. 227
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reliable

efficient

PAPST-MOTOREN KG 7742 St. Georgen/Schw.
P.O. Box 35.

Telephone No. 07724/482,

For further information circle No. 228
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GORST ROAD
PARK ROYAL
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Telephones:
ELGAR 1411/7
Telex:
London 25589
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A critical phase in the fabrication of DOFICs is the contact-
evaporation process, which has just been performed on a
sample inside the apparatus shown here

NEW CONCEPT
IN ELECTRONIC
CIRCUITRY

Standard Telecommunication Laboratories announced
recently that work on a completely new concept in elec-
tronic circuit functioning had reached such a development
stage that the prospect of replacing complex electronic cir-
cuits by a single solid-state device, known as a DOFIC
(Domain Originated Functional Integrated Circuit), was
near to being realized.

At present, circuit requirements are met by networks of
resistors, capacitors, semiconductors and associated inter-
connections ; even when these are reduced to the form of
microcircuits, they remain complex and costly, having
inherent reliability problems due to the interconnections.
Now, STL has produced a method of synthesizing complex
electronic functions in a single solid-state bulk-effect device
having only a few operaticnal connections ; the possibility
therefore arises of replacing circuits containing many
discrete electronic components by a single piece of semi-
conductor material only a few hundredths of an inch long.
Experimental analogue-to-digital converters that use the
new devices have already been devised, and further applica-
tion possibilities are foreseen in entirely integrated television
camera and display systems.

Principles of Operation

The work cn domain-originated function generators was
initiated at STL when it was realized that very few new
design concepts had emerged in solid-state integrated-
circuit work which took account of the fact that, although
a particular functional requirement was always derived from
a single semiconductor crystal, the net result was always
highly complex from the constructional point of view; all
present integrated circuits, for example, involve expensive
drawing and photo-reduction, multiple diffusion, etching,
deposition etc.

DOFICs make use of basic bulk effects in semiconductor
material, in particular the fact that it is possible to produce
stable high-electric-field ‘domains’ moving over a distance
that is long compared with the width of the domain ; these
domains are launched when an applied voltage exceeding
a certain threshold value is applied across samples of certain
materials. Domains may be formed by such phenomena
as field-dependent trapping, electron/phonon coupling, and
inter-valley transfer of hot electrons from lower to higher
effective-mass states; at STL, most of the work has been
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confined to the last two categories, in which domains travel
at velocities of up to 107 cm per sec.

If the domain encounters changes in conductivity (due
to doping) or changes in cross-sectional area when it moves
through the material, the current through the sample also
changes; thus, by specifying the conduction path in these
or other ways, an output-current waveform of almost any
shape may be produced, and such conductivity-profile shap-
ing constitutes a static characteristic for the device. Of
even greater significance, perhaps, is the fact that dynamic
control of the device (i.e., while a domain is in motion)
is possible by varying the instantaneous bias; a domain can
thus be arrested at any point along the drift path. Further-
more, the point along the path at which the domain is
removed can be made proportional to the applied bias by
introducing an overall slope or taper to the profile.

Applications

Using these features, a simple analogue-to-digital con-
verter that demonstrates the principle has been fabricated ;
i.e., a device in which the number of output current pulses

Fig. 1. A DOFIC analogue-to-digital converter using epitaxial
construction. The digital profile (the five ‘humps’) and the overall
slope combine to give a current-output waveform whose number of
pulses is proportional to the applied voltage bias
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Fig. 2. The output-current curves at various
bias levels for the analogue-to-digital converter

is preportional to the applied bias. Fig. 1 shows the
epitaxial construction for a four-level device in which the
‘digital’ profile and the overall slope can be seen, while
Fig. 2 shows the output current pulses at various bias levels.
Although a 64-level 6-digit coder using a 2-mm-long drift
path in GaAs seems quite feasible, this work is still in the
research phase and much remains to be done to develop
the necessary materials and device-fabricating techniques.
A present drawback in devices using inter-valley transfer
is that bit rates (determined by the domain velocity of 107
cm per sec) are at microwave frequencies ; but by using the
other types of domain formation (e.g., electron/phonon)
these can be reduced by a factor of 100 or more.

The techniques described above realize the output wave-
form by monitoring the total current through the device;
in addition, however, the high fields due to the domain can
readily be picked up by electrodes placed sufficiently near
to the surface of the semiconductor. It is therefore pos-
sible to have a completely separate electrode system bearing
any additional code profile that is electrostatically coupled
to the domain; the sweeping domain will then produce
output potentials as it moves past the electrode, the latter
being shaped to produce any desired time spacing of the
output pulses. It is also possible to obtain optical read-out
by detecting light excited by the domain as it passes through
the crystal, thus giving rise to the prospect of completely
different types of display device.

A Frequency-Stabilizer Unit for Communications Receivers

The frequency stability of a communications receiver
can be improved with the use of a unit developed by Racal.
This unit, the ‘Racalator’, accepts an input taken from the
local oscillator of the receiver being stabilized and produces
a voltage output for the receiver frequency-control circuit.

The block diagram indicates the action of the unit. There
are two modes of operation, ‘tune’ and ‘hold’. On ‘tune’
the unit displays, on a six-digit readout, the tuned frequency
to an accuracy of +100 c/s for rapid tuning and +1 c/s
for fine tuning.

Once the unit has been switched from ‘tune’ to ‘hold’, the
gates G, and G, are opened. The input from the receiver’s

OSCILLATOR CONTROL LINE

1

DIGITAL-ANALOGUE
CONVERTER

A "

Gi |

INPUT FROM OSCILLATOR

l ACCUMULATOR

ADD CONTROL
SUBTRACT CONTROL

i
e

MEMORY STORE G3 |—<—[
L

L

CONTROL
CIRCUITS

f

INCREMENTAL FRSE.OTJE{JSCY
FREQUENCY CONTROL STANDARD

This block diagram shows the essential stages of the frequency-
stabilizing network
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local oscillator is fed to the accumulator and to the memory
store. In both of these the frequency of the input is
counted and stored in a digitally-coded form. After a
period of precisely 1 sec, determined by a crystal-controlled
5-Mc/s oscillator, both gates close and gate G, is opened.

An output from the memory store corresponding to
the frequency count stored is fed via G, and is subtracted
from the contents of the accumulator. This will leave the
accumulator empty as the contents of both the accumulator
and the memory are equal. The gate G, then closes and
G, alone opens; G, is not opened again until after the
unit has been switched to ‘tune’ and back to ‘hold’. The
oscillator frequency is once again counted and stored by
the accumulator and the permanently-stored value in the
memory (corresponding to the initial local-oscillator
frequency) is subtracted from the accumulator contents.

If no frequency drift has occurred in the receiver’s local
oscillator the accumulator will be left empty and will pro-
duce no output. If a frequency drift has occurred the
value of the difference between the new and the original
frequency will be left in the accumulator. This ‘difference’
signal will be fed to the digital-to-analogue converter which
will produce an analogue voltage output corresponding to
the magnitude and direction of the drift. This can be
fed to a frequency-control circuit, such as that in a normal
a.f.c. loop. in the receiver to adjust the tuning of the local
oscillator for the correct frequency. In this way the local
oscillator frequency can be stabilized to within +2 c/s.
The digital readout can display either the local oscillator
frequency or the tuned frequency of the receiver when the
unit is in the ‘hold’ mode.

An incremental frequency control is included for use
when the received frequency is drifting.

Measuring 3% in. high, the unit fits a 19 in. rack.

For further information circle No. 72
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WELDING ELECTRONIC DEVICES

BY ULTRASONICS

With the rapid advances in microelectronics technology. a
need has arisen to replace conventional (but now impractic-
able) methods of fusion-welding electronic devices by much
higher precision techniques. One solution to this problem
has been the development of ultrasonic welding equipment,
the operation, advantages and applications of which are
described in this article.

passed from the realms of research to the production

line. In their process of development, some of the
greatest problems have concerned the need for precision
welding very fine wires to a variety of components, for
joining dissimilar materials, for interconnecting metallized
surfaces with film thicknesses as low as 100 A (Angstrom
units) and for encapsulating semiconductors, microcircuits
and other electronic devices.

For such requirements, the conventional techniques of
fusion welding are impossible on the grounds of tempera-
ture rise alone, apart from other considerations, and it
has been established that the only satisfactory answer to
the problems raised by advanced electronics technology is
the employment of ultrasonic welding.

IN the last two or three years, microelectronics have

The Ultrasonic-Welding Process

The principles of ultrasonics will be already familiar
to many readers. The sound waves which we detect in
the human ear are vibrations in the air which oscillate at

* Kerry’'s (Ultrasonics) Ltd.

By G. E. LITTLEFORD*

frequencies of not less than 20 c/s and not more than
15,000 ¢ s. Waves at frequencies above this range are
called ultrasonic.

As is the case with many industrial processes, the
mechanism of ultrasonic welding is not completely under-
stood. It is known, however, that it overcomes the con-
ventional barriers to welding by plastically deforming the
interface ‘between the workpieces in such a way that
the adhered moisture and oxide films are dispersed; the
irregular surfaces of the two workpieces are thus made to
conform to each other, thereby causing a large area of
intimate contact between the nascent metal surfaces. Join-
ing is accomplished without the use of tluxes or filler
materials, without excessive mechanical force or con-
comitant deformation, and without externally-applied heat.

A wide range of metals and alloys, in a variety of con-
figurations, can be effectively joined by this process.
Although originally used only for joining thin sheets of
relatively-soft material (such as aluminium, copper and
brass). subsequent developments have established that it is
perfectly feasible to bond high-temperature and refractory
metals such as molybdenum, tantalum, beryllium, zir-
conium and stainless steel. Bi-metallic junctions have, in
fact, been achieved with materials of widely different
physical properties, such as aluminium and stainless steel.
copper and nickel. or titanium and beryllium.

Welding and Encapsulation Equipment

Ultrascnic equipment for welding includes an electric
generator to produce electrical oscillations at the required
frequency, a transducer, a velocity transformer, a welding

Fig. 1. The Model MP-20-L micropositioner,
which is a completely-integrated ultrasonic-
welding work station weighing only 190 Ib
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Fig. 2. These two close-ups show
the welding tip of the MP-20-L in
position over the work-holding chuck.
The vacuum chuck on the left is
standard equipment, whereas the
mechanical chuck (right) is optional

tip, a support for the materials to be welded, and some
means of applying a clamping force to the material. For
this class of work, a magnetostrictive transducer is generally
used.

Ultrasonic welding equipment is compact and clean to
use—factors which are of very great importance in all
electronic applications; furthermore, a number of equip-
ments may be mounted on a single bench for production
runs. Fig. 1 illustrates the micro-positioner model
MP-20-L, which is manufactured by Kerry’s (Ultrasonics)
Ltd. 1t is specifically designed for lead-wire bonding as
required for microcircuitry, and all the components for
wire feed, work manipulation under the welding tip, welder-
head operation and positioning are included within the
cabinet.

; o=y

Fig. 3. This ring-spot
ultrasonic equipment
may be used for
encapsulating materials
where true hermetic
sealing is required
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The ultrasonic welding head consumes only 20 W, yet
is capable of welding fine wires and foils in transistors,
microcircuits and solid-state circuits. The unit permits
sound and reproducible welding of wire to two different
materials without re-setting the power, clamping force or
weld-pulse time, and without affecting the precision of such
machine settings. Single-hand operation includes X-Y
positioning, welder-head lowering, clamping-force applica-
tion, weld-cycle initiation, head lift and wire feed, without
releasing the hand grip. Setting up for a second weld,
including Z-position change and weld-control change
(power, clamp force and weld force), is accomplished by
operating a single-wheel control with the right hand, while
maintaining a grip on the X-Y positioning control handle ;
rotational adjustment through 360° at the base of the work
chuck is right-hand operated.

A rapid change of workpieces is possible by automatic-
ally releasing the vacuum chuck (see Fig. 2) with specific
adaptors for the assembly being welded. A welding head
tilt provides additional clearance for part changing, and
wire feed is provided through an angled welding pin, which
thus ensures that the wire is always positioned and
controlled.

Fig. 3 shows an example of ring-spot ultrasonic equip-
ment, which may be used for encapsulating semiconductor
materials, explosives, propellants etc. Tt is particularly
suitable for encapsulating materials where true hermetic
sealing is required, and in ring geometries will form leak-
tight seals at a sensitivity of 10! cu. cm/per sec of helium
at S.T.P. conditions.

Advantages

Ultrasonic welding is a means of creating true solid-
state metallurgical bonds, and a number of particular
advantages arise from this characteristic.

In the field of microelectronics, there is no lower limit
to the thinness of materials that can be joined by ultra-
sonic welding ; fine wires of less than 0.003 in. diameter
have been satisfactorily welded, and thin foils of 0-00017 in.
thickness have been joined without rupture. This ability
lies at the heart of the ultrasonic welding process, which
does not employ melting to achieve its effects and thus
presents no thermal-control problems when handling
microcomponents.

There is no theoretical limit to the ratio of thicknesses that
can be joined, because ultrasonic welding, not being a
thermal process, does not risk damaging the thin section
by large amounts of heat.

A wide variety of similar and dissimilar materials can
be joined, and Fig. 4 indicates some of the material com-
binations that can be ultrasonically welded on a production
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basis. It will be noted that aluminium may be welded to
glass or copper to steel, in spite of the wide differences in
physical properties of these materials.

Those materials which have relatively large coefficients
of electrical or thermal conductivity are inherently difficult
to weld by means of the resistance-welding process, because
of the large amount of electrical energy that is required to
create and maintain enough thermal energy in the weld
area to accomplish fusion; if this magnitude of electrical
energy is not properly controlled, ‘burn-through’, insuffi-
cient fusion or other weld faults will result. Ultrasonic
welding is not restricted by this phenomena ; furthermore,
in many other materials, the undesirable results that follow
the application of thermal-welding processes (oxidization
grain growth, recrystallization and other adverse metal-
lurgical and mechanical effects) are eliminated or minimized
by using ultrasonic welding.

Because no fluxes. electrode-shielding coatings or
adhesives are used in the ultrasonic-welding process, there
is no contamination of the weld or its surroundings; this
advantage is particularly valuable in packaging and
encapsulating applications.

Ultrasonically-welded continuous seams, whether pro-
duced by a series of overlapping spot-type welds or by
ring-welding techniques, are capable of producing hermetic
seals and pressure-tight joints in many materials and thick-
nesses. Packages containing volatile materials such as
helium have shown no loss of weight after more than two
years’ storage at both ambient and elevated temperatures.

Surface cleaning is not highly critical when preparing
most materials for ultrasonic welding, because the vibratory
displacements occurring during the welding process disrupt
many normal oxide layers and other films on the surfaces
to be joined. Those materials that are readily weldable
(such as aluminium-clad alloys. brass and copper) can be
welded in mill-finish condition and require little more
than the removal of surface lubricants with a detergent
reagent. Welding of heat-treated materials is more readily
accomplished if they are mechanically abrased or descaled
in a chemical etching solution, but once the surface scale
has been removed the time that elapses before welding is
not important. By employing high-power equipment, it is
in fact possible to produce ultrasonic welds through surface
deposits or coatings. In experiments, heavily oxidized
Iconel X sheet has been successfully welded without prior
remcval of the heavy oxide coatings, and good welds have
been produced in aluminium having anodized coatings up
to 0-0001 in. thick.

Ultrasonic welding is a most desirable means of creating
low-noise low-resistance junctions, because it produces void-
free welds with relatively little, if any, foreign-material
inclusions. This factor is particularly valuable when
welding dissimilar metals, for the lcw temperature of ultra-
sonic welding eliminates or greatly minimizes the forma-
tion of brittle, high-resistance, intermetallic compounds.

Finally, the low-temperature nature of ultrasonic welding
allows it to be used in the immediate vicinity of temperature
sensitive or volatile materials without adverse effects.

Applications

In the fields of both electronics and microelectronics.
many techniques making use of ultrasonic welding have
been developed to a production stage. In microcircuitry,
whether it be thin-film, thick-film, flip-chip or monolith.
ultrasonic welding already plays an extremely important
part. Microcircuits, already used extensively in the com-
puter field, will undoubtedly be developed in numerous
other applications in the years immediately ahcad of us;
ultrasonic welding is bound to play an important part in
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all developments of the microcircuit, because it answers
the problem of how to provide reliable junctions with the
films used and the remainder of the system. Very close
dimensional tolerances can be maintained because there is
no pre-heating of the part. and thus no thermal distortion
can occur ; furthermore, ultrasonic welding causes relatively
slight modifications in the characteristics of the film or the
conductor element. Because no electric arc occurs, and no
electric current passes through the joint, there is no con-
tamination of the films and no preblem of providing closed
circuits for the welding currents.

Its ability to create bonds between a very wide variety
of dissimilar materials makes ultrasonic welding an
extremely flexible tool when applied to the problem of
welding interconnections to microminiature circuit elements,

Fig. 5. Listed here are some of those electrical conductors that
have been successfully bonded to metallized surfaces using ultra-
sonic-welding techniques

Conductor
Thickness
Film Substrate Conductor (in.)
Aluminium Glass Aluminium Wire 0-002
T " Gold Wire 0-003
Nickel . Aluminium Wire 0-002
" " Gold Wire 0-002
Copper " Aluminium Wire 0-002
Gold " " 0-002
" " Gold Wire 0-003
Tantalum . Aluminium Wire 0-002
Chromel " " 0-002
" " Gold Wire 0-003
Nichrome " Aluminium Wire 0-0025
Gold (4 pin.) " " " 0-010
Platinum (1 uin.) " " ' 0-010
Gold-Platinum " " " 0-010
(9 pin.)
Palladium (8 uin.) " " " 0-010
Silver (8 pin.) " " " 0-010
Copper (electro- " Copper Ribbon 0-028
plated on silver)
Molybdenum Alumina Aluminium 0-003
Ribbon
Gold-Platinum (7 " Aluminium Wire 0-010
pnin.)
Aluminium Silicon " 0-010
" " Gold Wire 0-002
Silver Ceramic Aluminium Wire 0-010
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and Fig. 5 lists some of the combinations of films, wires
and ribbons which have been successfully bonded. Not
only has the process been applied to aluminium wires—
the most versatile conductor elements—but also to gold,
copper and nickel conductors.

In the realm of semiconductor bonding, ultrasonics is
already playing a significant role. Gold and aluminium
wires, ranging in diameter from 0-005 in. to 0-025 in. have
been successfully bonded to silicon and germanium semi-
conductor surfaces; lead-wire bonding to transistor semi-
cenductors is also extremely satisfactory and, like many of
the processes described in this article, has a number of
technical and economic advantages. As a precision process,
ultrasonic welding not only reduces the number of rejects
very considerably but speeds up the output of the whole
production line.

In semiconductor bonding, the adoption of the ultrasonic
welding process has overcome the problems of the so-called
‘purple plague’—the presence of a brittle purple compound
in the vicinity of gold wires which have been bonded to
aluminium-silicon junctions.

Ultrasonic welding has also been successfully adapted
to the manufacture of various igniter devices than rely upon
high-resistance bridgewire elements to initiate explosions
or other chemical reactions. Most such bridgewires are
very small in diameter, and the ability of the ultrasonic
process to join consistently fine wires to larger terminal
posts makes it very valuable. Filament wires of 0-001 in.
diameter and made of such materials as nickel-chromium
or tungsten-platinum have been successfully joined to
terminal posts of copper, iron, phosphor-bronze and other
metals.

In a very wide variety of thermocouple junctions, the
ability of ultrasonic welding to join dissimilar metal com-
binations makes its advantages apparent, and it is even
possible to weld thermocouple junctions directly to ceramic
and other non-metallic workpieces.

Aluminium-foil windings are being applied to coil com-
ponents these days because of the weight-saving factor and,
in this process, ultrasonic welding is especially valuable
when the foil is coated with plastic films as a means of
insulating the individual coil windings.

Until the advent of ultrasonic welding, one of the
commonest problems in the electronics industry was to
provide a means of joining contact materials such as silver,
gold, palladium and platinum to spring metals in the manu-
facture of switches and relays. Because of the differences
in thermal and electrical conductivity of the contact metal
and the spring material, it was usual to prepare the con-
tacts in the form of a composite structure, in which the
contactor metal was backed with a metal suitable for
welding to the spring material. However, ultrasonic weld-
ing mades it possible for contact metals to be welded
directly to a wide variety of dissimilar spring metals and,
because the ultrasonic weld is created in the solid state,
the formation of intermetallic compounds (which could
ultimately result in failure or loss of conductivity) is greatly
reduced.

The ultrasonic welding process has also been used with
considerable success as a means of attaching leads to
tantalum electrolytic capacitor plates in the manufacture
of tantalum capacitors. Originally, these components were
made by resistance welding tantalum-wire leads to tantalum-
foil plates and subsequently forming an anodic film on the
tantalum-foil plate to provide a dielectric. Because of the
high temperatures inherent in the resistance welding process,
a thick and irregular oxide film forms on both of the work-
pieces ; this can affect the subsequent electrolytic process
so that a uniform anodic film is not obtained. Once again,
the low-temperature nature of ultrasonic welding prevents
the formation of the oxide film growth, and there are no
leakage problems.

Conclusion

Summing up, ultrasonic welding has already made a valu-
able contribution towards the successful development of
microelectronics, and has proved its practicability and
economy both in research and actual production. The
sophistication of present-day electronics demands light-
weight materials and high-strength joints of high tempera-
ture; ultrasonic welding has already proved that it can
provide these requirements more efficiently, more precisely
and with greater speed than any other method. In this
article, some uses that have reached the production stage
have been briefly discussed, but there is no doubt that the
successful application of ultrasonics to electronics is only in
its infancy and many further developments will be achieved
in the near future.

Hlustrations by courtesy of The Sono Bond Corp., U.S.A.

Automatic Control of Cold-Strip Rolling

Manual control of cold-strip rolling involves the con-
tinuous correction of the strip thickness by means of setting
screws according to micrometer readings; this imposes a
considerable strain on the operator and leads, inevitably,
to a considerable amount of out-of-gauge production. In
order to automate the whole process of thickness gauging
and control, the metal works of Csepel Iron and Steelworks
—Hungary’s largest metallurgical centre—have installed in
their continuous reversing mills an X-ray system that was
supplied by Ekco Electronics Ltd., of Southend-on-Sea,
Essex.

The equipment uses the principle that rolled strip absorbs
X-rays in proportion to its thickness. The gauging-head
assembly consists of an X-ray source, which emits a constant
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level of radiation into the strip, and an ionization chamber
(situated underneath the strip and in line with the source),
which continuously monitors the amount of radiation pass-
ing through the strip. Having calibrated the ionization
chamber, the variations in its current output thus represent
accurately-measured changes in strip thickness, and can be
amplified and used to adjust the roll-setting screws to
maintain the required strip conditions.

The measuring equipment is self-calibrating as each
reversing occurs, and during the rolling process the gauge
may be checked by pointer instruments on the operating
console. A gauging range of 0-25 to 4.0 mm is provided,
with an accuracy of +0-02 mm, and the roll stand may be
manually controlled if required.
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C. P. Sandbank and his team
at  Standard  Telecommunications
Laboratories have edged solid-state
electronics across yet another frontier
by exploiting the Gunn effect to pro-
vide an analogue—digital converter in
a single chip of gallium arsenide
material.

The new devices. which promise to
be a major advance on conventional
integrated circuits because of simplifi-
cation of the construction process, have
been christened DOFICS (Domain
Originated  Functional  Integrated
Circuits). Reliability, too, should be
much better as interconnections are
greatly reduced.

The S.T.L. team have controlled the
movement of the domain through
the material by doping or changing the
cross-section of the conducting path.
Dynamic control of the current
through the device can be achieved
by varying the instantaneous bias and,
by tapering the conductivity profile,
the point at which the domain is
arrested along its path can be made
proportional to the bias applied.

The analogue-digital converters so
far fabricated have merely demon-
strated the general principle and
already it is quite evident that many
other ingenious applications are in the
pipeline. Optical read-out is possible
from light emission in the crystal and
the high fields of the domain can be
detected by electrodes in proximity but
not physically connected to the device.

Have S.T.L. jumped the Gunn? It
is known that similar work is in pro-
gress in the United States but as far
as I know this is the first positive
announcement that practical devices
have been constructed. Why should
we not blow the British trumpet for
a change? It seems an excellent idea
provided nobody runs away with the
idea that DOFICS will be commer-
cially available this year or next. And
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S.T.L. have been wise in stressing that
all that has happened is that the prin-
ciple has been demonstrated and that
much work remains to be done.
Meanwhile, most of us working in
the hard commercial reality of the
workaday world have to be content
with discrete component circuits or, at
best, ordinary integrated circuits. The
latter are pouring out of the factories
in satisfying numbers as yields go up
and prices come down. The computer
manufacturers are naturally still the

(2 e ————
By NEXUS

biggest users but, with prices tumbling,
the market is getting wider.

This wider market includes lots of
new boys looking at integrated circuits
for the first time. They are innocent
of the fetching ways of the I.C. circus
which has been stumping up and down
the country banging the big publicity
drum at symposia, conventions and
technical discussions where competing
manufacturers, behind the smoke
screen of presenting learned papers.
were becoming hopelessly involved in
a tricky but jolly game of one-upman-
ship in claims on specification and per-
formance.

The circus was great fun. Because
the number of manufacturers was very
few and the number of users not much
greater, everyone knew everyone else,
private jokes were abundant and gusts
of laughter not uncommon from the
audience when a speaker was asked
if he really meant what he said. Bang-
ing the big drum and blowing the
biggest trumpet was the order of the
day. We all knew the situation and
revelled in its comic implications. We

accepted that pressure was being
applied by company commercial
departments and that there was even
some commercial justification in giving
1.Cs the extra boost that would get
them out of the discussion stage and
into equipment that little bit sooner.
But the escalation of claims resulted
in some misleading published data
which could so easily trap the unwary.
The numbers game at that stage con-
sisted of unashamed presentation of

data in the best possible light. Here
are some samples.
A maximum storage temperature

figure for one device was quoted as
300 °C, a world-beater in the numbers
game. A truthful figure, but part of
an incomplete specification which
omits to state for how many minutes
the device would survive at some
65 “C above the temperature of melting
tin! The device has since been ‘down-
graded'. But, for some time, it was
one up (on paper) on the competition.

Manufacturer A was using chips
from manufacturer B. Having made
his sample batch, A started life tests
and noted a high failure rated at 175 °C
after 1,000 hours. He tried a batch of
B’s completed devices on life test and
these were as bad. On enquiry, B
admitted that he had not life tested
at 175 °C although he claimed the
device was capable of operation at this
temperature. He was honestly con-
fident his devices would keep working
but confidence, in this case, wasn’t
enough. The device now has a limited
life rating at 175 °C.

These two are simple examples on
temperature. Many others could be
cited on different parameters including
a little classic where the supply volt-
age tolerance quoted as +209% had to
be held to within 1% in practice if
certain other parameters were taken
near their quoted limits.

The poor old system designers were
stuck with the problem of interpreting
the data and correlating it into practical
engineering terms.

Putting the onus of interpretation on
the system designer is all very well for
the old hand but what of the new
boy? Glowing specifications are not
necessarily dishonest but they do tend
to give a false impression of what can
and can’t be done. The practical con-
straints required in system design were
by no means obvious from limit
figures.

Fortunately, a new concept in pre-
sentation of data has already been put
into practice by Mullard who, in their
Design Data section of their published
1.C. information sheets, have taken the
guesswork out of the system. Design
data is based entirely on worst condi-
tions and accommodates every adverse
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operational factor plus manufacturing
spread of characteristics of the device
and compatibility with other devices
in the system being designed. Pro-
vided the systems engineer observes
the basic rules laid down, then, say
Mullard, his system will work and
keep on working.

There are encouraging signs that all
IC manufacturers will eventually adopt
this system. It is sensible and certainly
helps the engineer who has little or no
direct experience with 1.Cs but is long-
ing to have a go. And if 1.C. device
manufacturers hope to penetrate the
mass market which they need. then the
little man using small quantities as well
as the computer manufacturing giant
using millions must be courted.

As we swing once again into the
hectic round ot the exhibition season
we are faced with the problem of
selection. Visiting every one is a full
time job. To ‘do” an exhibition pro-
perly can take three or four days. To
visit them all, including the nearer
Continental shows, involves quite a lot
of travel.

A new one this year which should
give value is MEDEA ‘67 which opens
at Earls Court, London, on March 13.
Its full title is the International
Medical Engineering and Automation
Exhibition and its sponsors are the
Electronic Engineering Association
and Scientific Instrument Manufac-
turers” Association.

There should be plenty to see for
the industrial electronics man. Don’t
be put off by the hocus-pocus of
medical terminology. Shyly hidden
away behind those impressive sound-
ing phrases are good honest pieces of
electronic engineering which are no
less valid when applied to industrial
measurement and control than to
medical science. In fact our old friends
Elliott-Automation, Honeywell Con-
trols, Beckman Instruments, Decca
Radar, Electronic Associates, Joyce
Loebl, George Kent, Vickers and a
host of others will be there in strength.

Many of the systems shown will have
had their origin in industry and com-
munications. They will be refined in
many respects and will have special
qualities such as clinical cleanliness.
But basically they will embody sound
basic engineering and instrument
practice adapted for medical use.
Some of the newly developed medical
electronics systems could have uses in
industry. There i1s plenty of scope
for two-way tratfic in ideas.

Dr. Dennis Hill of the Research
Department of Anasthetics of the
Royal College of Surgeons is one of
the leaders in getting engineers and
medical men together in the early
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stages of design and in promoting the
use of electronics in a field where the
stethoscope. the pill and the bedside
manner are still regarded as the main
armament in fighting disease. The
doctors are slowly becoming convinced
that a stethoscope or a sensitive finger
on the pulse, although sanctioned by
custom, are not the only transducers
now available. The problem is that
the other transducers cost hard cash
and lots of it—and that really hurts.
Nevertheless. medical electronics is
slowly penetrating both the barriers of
conservatism and the bank balance.

Provided you are not too squeamish
there will be much to enjoy. Elliott
Automation will be showing a new
heart therapy machine which displays
the cardiographic waveform of the
patient’s heart so that the operator can
pinpoint the optimum moment to
apply a stimulating shock.

Another exhibit is billed as a con-
trollable telemetry device which can
be implanted in the body. It switches
on only when interrogated by radio
command. Battery life is thus con-
served.

Such a device was described by Clive
Weller of the Institute of Psychiatry
over twelve months ago but this was
implanted in a cat’s skull and used to
transmit E.E.Gs* to an external
receiver A single transistor oscillator
was used, frequency modulated by a
varactor diode to give a deviation of
some 2 c¢/s per microvolt of E.E.G.
signal on a carrier of 20 Mc¢/s. The
control device was a transistor bistable
switch implanted in the cat and con-
trolled by a 10 Mc/s external signal.

As transmission of the E.E.G. was
only required on special occasions it
was most useful to have the remote
switch and the cat, it was reported,
had worn the transmitter for some
months.  The ‘special occasions’, it
appeared, were when the cat was
mating. All good clean stuff and well
up to the standard of the latest TV
plays and the lower strata of science
fiction. Even the psychiatrists,
although still pre-occupied with the
same ideas that excited Freud fifty
years ago, are slowly deserting the
couch and the consulting room and
moving in to the labs. And the vogue
term. to be ‘switched on’ is gelling
uncomfortably literal.

Electronic engineers visiting Medea
‘67 should not shy away if introduced
to doctors. Only a few will be witch-
doctors. Many, like Dr. Dennis Hill.
M.Sc., Ph.D., F.Inst.P., M.LE.E.. are
eminent physicists using quite compre-
hensible engineering vocabularies and
they certainly won’t want to inspect
your tongue or sound your heart.

* Electroencephalograph.

The public wrangles on education
are unceasing. Report after report
after report is published and most
are greeted with thunderous acclaim
and then quietly slipped away in the
pending file. The cost of producing
these documents is astronomical and
the findings. after two or three years of
marathon committee meetings, are
often already out of date when pub-
lished and commonly trivial or obvious
in content.

While the public at large. the upper
and lower echelons of our education
hierarchy and the interested Govern-
ment departments mostly talk round
the subject I find the electronics indus-
try is quietly doing a great deal.
Mind you, industrial education hasn’t
the high-minded motives that are hope-
fully attributed to general education.
Wicked money-grubbing capitalist
companies form the sinister back-
ground from which industrial educa-
tion emerges. And the malevolent
objective is to train and encourage
people in new skills and technologies
so that they are better equipped to
compete with their rivals at home and
overseas. (0 make their own companies
and the nation more powerful and, by
so doing, improve our standard of
living.

Marconi Instruments 1.td. have now
joined the conspirators. Their sales
engineers and overseas agents can now
be seen wearing a jaunty look, oozing
with self-confidence and eager to dis-
cuss the intricacies of binary logic.
Marconi Instruments are nothing if not
up-to-date. They originated “It’s Logic
that Counts™ a programmed text book
on the subject designed to familiarize
the sales orgamization with logic
circuitry. It proved such a success
that 1t has now been made generally
available at a nominal price of £1.

This is a genuine how-it-works book
taking the reader in programmed
stages from simple gates to the com-
plexity of a modern digital counter.
The scrambling of segments in the
book stops the reader moving on until
he has mastered each segment and the
clever ones can do the whole course
and yet read only one third of the
text. The rabbits take a little longer.
read a lot more, but finish up equally
well informed. The value of this type
of instruction over a conventional text
book is that by the time you have
reached the end you find you have
not only learnt about logic but actually
understand it—which is quite a
different thing.

Hardly bed-time reading, but enter-
taining as well as instructive. We
could all do with a lot more brain-
washing by subversive literature of this
quality.
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Direct indication of Static
and Dynamic values
with this |C91

TRANSDUCER METER

B COMPACT N PORTABLE N SOLID-STATE CIRCUITRY
Reliability and ease of servicing with modular construction

Automatic trip available

READS STRAIN, LOAD DISPLACEMENT, PRESSURE, FORCE ETC.

with BPA or other suitable carrier-energised transducers
e

INPUT: 0.5 mV to 12.5 Vr.m.s. for F.S.D. ACCURACY: + 1%
OUTPUT: 5 mA d.c. into 300 ohms (for CARRIER: 5 V r.m.s. 5 kc/s
recorder etc) POWER SUPPLY: 105-250 V, 50/60 c/s

BOULTON PAUL AIRCRAFT LIMITED
BPA WOLVERHAMPTON. Tel: Fordhouses 3191 Telex 338220

MEMBER OF THE DOWTY GROUP

P For further information circle No. 230







34 digital integrated circuits for medium speed applications in computer
peripherals, instruments, control systems and military equipment—that's the
Mullard FC series comprising 17 individual monolithic integrated circuits, intwo
temperature ranges for either industrial or military applications. There is awide
variety of gate combinations together with JK flip-flops, Schmitt triggers, line
drivers and expanders. Propagation delays are 20ns, noise margins 1V, fan-out
capability 6 and only one 6V supply is required. Industrial types are in popular
dual-in-line encapsulations; military versions are in TO-84 14-lead flat packs.

Get integrated with Mullard now ! Ask for full range details and prices.

FC RANGE SUMMARY

0to75 C 4 OPERATING TEMPERATURE RANGE » -55to - 125 C
CFCHIN | Single Nand Nor gate | FCH102
 FCHM [ Single Nand/Nor gate  FCH112
 FCH12t Dual Nand/Nor gate " FCH122
FCH131 | Dual Nand Nor gate  FCHi132
o FCH141 | 'Triple Nand/Nor gate [ FCH142
~ FCH151 " Triple Nand 'Nor gate FCH152 -
~ FCHi®1 " Triple Nand Nor gate FCH162
~ FCHIT l Triple Nand 'Nor gate  FCHIT2
i  FCH181 . Quadruple Nand Nor gate ,  FCH182
FCH191 Quadruple Nand Nor gate 1 " FCH192
- FCH201 Sextuple Nand ’_Nor gate | FCH202 - o
FCH211 ' Sextuple Nand Nor gate l ~ FCH212
 FCH221 - Dual line driver " FCH222
T Feam |  J-K flip flop B ~ FCJ102
 FCK101 | Monostable 4 ~ FCK12
FCL101 | Schmitt trigger FCL102
~_FCY101 1 Multi-diode expander | FCY102

..more digital integrated circuits

Mullard Limited, Industrial Markets Division,
Mullard House, Torrington Place,-London WC1.
Telephone LANgham 6633. Telex: 22281.

Mullard IC

fastest moving in integrated circuits

For further information circle No. 232
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2MHz
TIMER
e

..... P ' The Advance TC7
,,,,,, ’ . is an entirely new
4-digit timer
counter. using all silicon
transistors, it measures frequencies up to 2MHz at less
than 1560 mV r.m.s. It also measures period and time,
and counts random or regular pulses. Single or two-line

time or count and three clock units ~ 10uS, ImS and 0.1
sec. - can be selected by front panel switch.

4 in-line digits: unique
‘dynamic’ read-out system:
Costs have been saved by the use of a new strobing

technique. By cycling the counting stages the need for
separate decoding matrices has been eliminated.

At £130, the Advance TC? is the It opens like a book for

lowest priced 2MHz timer counter on acces Slblllty. Components are mounted on
the market today. Have a look at it! three hinged printed circuit boards of extremely high
Ask us for a demonstration. quality epoxy resin.

ADVANCE ElL. ECTRONICS I.IMITEID

Instrument Division - Roebuck Road - Hainault - llford
Essex - Telephone: 01-500 1000

For further information circle No. 233
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1. Thermoelectric Generators

Maintenance - free thermoelectric
generators, manufactured by the
General Instrument Corp. (U.S.A))
are now available from Ad. Auriema;
they will give outputs of up to
approximately 50 W at 8:6 A or, with
converters, outputs of 12 or 24 V at
up to 40 W. (The basic unit is
designed to provide 24 W and is
supplied in multiples of 6 and 12 W).
Heat is supplied to the devices by
the catalytic burning of propane gas,
a series of heat-rejection fins, which
will operate in still-air temperatures
of up to 120 °F, providing the cooling.
The modules are hermetically sealed
for long life; with no moving parts
lubrication is not needed.

For further information circle No. 1

2. Planar Turbulence
Amplifier

A planar turbulence amplifier (a

miniature fluidic device consisting of

two plastic wafers) forms the basis of

a new fluidic system introduced by
Maxam Power. Operating on the
same principles as standard ‘Maxa-
log' turbulence amplifiers (shown
on left of picture), the devices can be
mounted in modular units with
integral-circuit connections or as-
sembled in banks; cover plates can
incorporate etched connecting chan-
nels (the pneumatic equivalent of a
printed circuit) to give any logic
function using the same basic
elements.

For further information circle No. 2

3. Time-Delay Correlator

A fully-transistorized Ad-Yu model
1050 time-delay correlator, which
produces accurate time correlation
by using a continuously-variable
delay line instead of the more con-
ventional point-to-point sampling,
has been introduced by Livingston
Laboratories; it ensures that valu-
able data is not missed during the
correlation period, and that there is

no false output due to random
spikes. Outputs are suitable for
XY plotting, and include a time-
analogue signal directly proportional
to delay time, which is derived from
the delay-line sweep motor. A series
of interchangeable delay lines is
available, allowing delay times from
180 msec to 180 usec; it enables
correlation to be carried out from
below 5 c/s to 200 kc/s, the upper
frequency being limited only by the
multiplier circuit.

For further information circle No. 3

4. Paper-Tape Perforator

Data Dynamics are now offering
Teletype  paper-tape  perforator
equipment (based on their model 35)
that provides low-cost tape prepara-
tion with or without hard copy; at
remote locations, data can be
punched on tape using the keyboard
punch and then transmitted by a
Teletype tape reader for feeding
directly into computers. The equip-
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ment provides for typing and non-
typing perforation of 1-in. 8-level
tape and has a keyboard capacity
of 15 characters per sec; it has
vacuum chad disposal, a repeat key,
character counter, end-of-line indi-
cator and a four-row keyboard for
ASC11 or similar codes.

For further information circle No. 4

5. Fluidics Kit

A kit designed to provide engineers
with a practical worki~~ tnowledge of
fluidic cirr*” -ailable from
* rartment of
It contains

Jltivibrator

sonents—

counters,

' gates;

read-out

plastic

+ board

being

Anin-

-ation
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of fluidic devices, describes 12
experiments and lists several appli-
cations.

For further information drcle No. 5

6. Tape Punch

Addo have introduced a panel-
mounted version of their tape punch;
it is mounted on a standard 19-in.
rack panel and is complete with tape
spool, tape-low indicator, automatic
tape-rewind unit and chad-collection
box. It can produce 5, 6, 7 or 8-
channel punched paper tape or
edge-punched cards at 18 characters
per sec, and because of the very
small current required by the inter-
poser magnets, it can be operated by
transistorized circuitry.

For further information circle No. 6

7. Shaft-Position Indicator

An absolute position-measuring de-
vice (the ‘Tele-Digitizer’), which
gives an indication of the position of

its input shaft on demand, has been
introduced by Moore Reed; its
output is a time gate, the duration
of which is proportional tothe angular
setting of the shaft. This output
can be transmitted down a single
line (with a common return) or a pair
of lines; angular displacement is
determined by counting time pulses
during the gated interval, and several
remote measuring stations can be
connected to a single counter or
series of counters. The device has
a torque of less than 1 gm-cm and a
resolution in excess of 1 in 1,000.

For further information circle No. 7

8. Light Projector

Hird-Brown have announced the
availability of a long-range light
projector for use primarily in photo-
electric applications. Called the
WP, the unit incorporates its own
mains transformer to supply the
12-V, 21-W tungsten-filament lamp,
and the optical system consists of a
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3}-in. high-accuracy parabolic mirror
complete with adjustment mech-
anism. The projector is designed to
give ample light for photo-electric
purposes at ranges up to 75 ft,and an
infrared filter may be fitted if required.

For further information circle No. 8

ELECTRONICS
R —

9. Marine Radar

The Decca 101, a low-cost marine
radar designed for small vessels,
has been developed by Decca Radar.
Easy to install and operate, it has
ranges of %, 14, 5 and 15 nautical
miles. The 7-in. cathode-ray tube
display incorporates range rings and
the complete display unit, which
contains all necessary controls, is
compact for mounting on a bulk-
head, deckhead or table top. A
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scanner unit contains both the 3-ft
rotating aerial and the transceiver,
which employs microcircuits and
silicon transistors. The power unit
operates from supplies of 12, 24, 32,
110 or 220 V d.c. or 115 0r 230 V a.c.

For further information circle No. 9

10. Electronic Ignition

An electronic ignition system, the
‘Power-Pulse’ produced in the
U.S.A. by Johnson Motors, is avail-
able in the U.K. from E.P. Barrus
(Concessionaires) Ltd. This is a
capacitor-discharge system which is
powered by a 12-V battery to deliver
a 20-kV pulse to spark-plug elec-
trodes. A four-prong rotor in the
distributor replaces the conventional
breaker points and capacitor. As
each prong passes a sensor coil, a
spark is produced. With a voltage
rise at the plug of 5usec, surface-
gap plugs can be used, an increase
in plug life of five to 10 times that of
ordinary plugs being achieved.

Smoother running and improved
combustion efficiency are other ad-
vantages.

For further information circle No. 10

11. Desk-Top Computer

The ‘'Mathatron’ desk-top digital
computer manufactured in the U.S.A.
by the Barry Wright Corp. is now
available in an improved version.
This is a push-button programmable
unit which can store formulae and
data. Among the added features are
a facility which enables an operator
to insert a square root into a mathe-
matical operation using normal alge-
braic notation, and a memory lock
which enables programs to be re-
tained when the power is switched
off. Special versions with prewired
programs pertaining to particular
requirements are available. It can
be obtained in the U.K. from Scien-
tific and Computing Instruments Ltd.

For further information circle No. 11
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12. Telemetry Amplifier

The IM-60, a recent addition to Indus-
trial Electronetics’ telemetry acces-
sories line, is a linear solid-state
amplifier designed to couple the high
output impedance of telemetry re-
ceivers to low-impedance loads such
as recording galvanometers. Output
limiting protects the recording device
from excessive output signals and
the gain is continuously variable.
It is available with either a self-
contained power supply or battery.

For further information circle No. 12

13. D.C. Amplifier and Power
Supply

Ad Auriema have made available an
operational power supply (OPS)
produced by Kepco of the U.S.A.
This combines a high-gain d.c.
amplifier with adjustable offset volt-
age and offset current, a power
amplifier, d.c. sources and two
temperature-controlled voltage refer-
ence sources of —62V and +62V
d.c. in one unit. Powered by a
115-230-V a.c. supply, it can be used
with feedback resistors or reactances
for d.c. amplification, integration,
differentiation or other functions.

For further information circle No. 13

14. Electronic Calculator

An electronic printing desk calcu-
lator has been produced by Monroe
International of the U.S.A. and can be
obtained in the U.K. from Litton
Business Systems. Known as the
EPIC 2000, it features simple push-
button operation and has the ability
to store a mathematical routine.
Once the machine has been in-
structed, by the use of the keyboard,
to follow a routine, it will do so on any
set of figures entered on the key-
board until the routine is cancelled.
A routine can consist of complex
combinations of addition, subtrac-
tion, multiplication, division and
square roots.

For further information dircle No. 14

15. General-Purpose
Computer

The BIT 480 general-purpose desk-
top computer produced by Business
information Technology Inc. of the
U.S.A. is a versatile machine pro-
viding both binary and decimal
arithmetic and featuring sequential
and priority interrupt facilities. Oper-
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ating on a variable word length, it
has a memory expandable to 65,000
characters. A full range of optional
devices and peripheral units is avail-
able. It is suitable for use as a data
communications terminal, an indus-
trial process controlier, a data
acquisition link or a scientific pro-
cessor.

For further information circle No. 15

e
COMMUNICATIONS
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16. Television Camera

The basic form of the Marconi mark 6
monochrome television camera uses
a vidicon tube and is intended for
telecine use. Additional units, and
the incorporation of a plumbicon
instead of a vidicon, render the
camera suitable for studio and out-
side broadcast use. The sensitivity
enables good pictures to be obtained

with lighting levels lower than 50-ft
candles. The stability of the cir-
cuitry allows the equipment to be
set up prior to transmission and little
or no re-adjustment will be necessary
during transmission. This leaves the
cameraman free to concentrate on
picture production. The number of
controls on the remote control unit
has also been minimized. The
camera is illustrated fitted with a
tilting viewfinder and a zoom-lens
unit which can incorporate all the
circuitry necessary for full servo
control of the zoom lens from a
control box located for easy opera-
tion by the cameraman.

For further information crcle No. 16

17. Radiomicrophone

A radiomicrophone system which
enables up to five microphones to be
used without mutual interference
has been produced by S.N.S. Com-
munications. Known as the Wolec
type C mark 2, it uses a miniature
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transmitter connected to a micro-
phone both of which are carried by
the user to link him to a public
address system while permitting him
freedom of movement. A crystal-
controlled carrier signal at any one
of five frequencies between 174.6 and
175 Mc/s is phase modulated and
radiated from a 35:43-in. long free-
hanging wire aerial. The signal is
picked up by a receiver (situated up
to 50 yards away indoors, further
out of doors) which produces an
audio output for feeding to a public-
address amplifier.

For further information circle No. 17

18. Bass Loudspeaker

A low-cost 63%-in. circular cone
loudspeaker has been announced
by the Plessey Components Group.
The speaker, when used with a
tweeter in a suitable enclosure, will
give a high quality of sound repro-
duction. The frequency response
of the unit is flat from 40 to 1,000 c/s
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when correctly loaded. The power
rating is 12 W and standard coil
impedances are 8 and 15 Q.

For further information crcle No. 18

19. High-Intensity
Microphones

Piezo-electric high-intensity micro-
phone capsules with diameters from
# to 1} in. have been introduced by
D. J. Birchall. They have charge
sensitivities of 40-2,000 picocou-
lombs/p.s.i. and can be used in
conditions of high ambient pressure
and in ambient temperatures of up to
250 °C. W.ith a stainless-steel case
and welded diaphragm, the units are
insensitive to vibration,

For further information circle No. 19

20. S.S.B. Transceiver

A single-sideband transmitter-re-
ceiver for operation in the 2-10 Mc/s
frequency range has been introduced
by Raytheon. This, the model CSB-

|

15, operates directly from 12-V d.c.
sources and can be supplied with up
to four customer-specified channels
in any relation to each other within
the operating frequency range.
Rugged, light-weight and compact,
it is suitable for mobile or portable
operation and has been designed
for use by non-technical personnel.
Fully solid-state, it features reliable
operation, low current drain, and
plug-in modules for easy servicing.

For further information cirde No. 20

21. Television Pattern
Generator

A television pattern generator, type
SG4, has been introduced by
Grundig. It provides a video signal
of a pattern of vertical or horizontal
bars or a crosshatch or dot pattern.
Both the video and line frequency are
adjustable as well as the synchroniz-
ing pulse amplitude and the video
amplitude. Channels 2 to 12 are
covered by the frequency range of the
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output and a u.h.f. signal output is
provided. A 5-5-Mc/s oscillator is
frequency modulated with 1 kcfs to
provide the intercarrier sound fre-
quency and an i.f. output of 38-9 Mc/s
is produced. External modulation
can also be used.

For further information drcle No. 21

INSTRUMENTATION
T

22. Peak Data Recorder

A unit which records peak values of
strain has been developed by Inter-
cole Systems. It responds to the
output of a strain-gauge bridge and
displays the strain level on a
numerical readout or on a row of
lamps (as illustrated) corresponding
toincrements of strain. The highest
peak occurring after the display has
been manually reset is registered.
The unit is also for use with power
presses or similar reciprocating

|
|

machinery, the display being reset
from a contact mounted on the
machinery. A built-in relay can be
set to close-down a machine should
dangerous stress levels occur.

For further information crcle No. 22

23. Resistance Measurements

The model 242B resistance mea-
suring system, developed by Electro
Scientific Industries of the U.S.A.
and available from Livingston Elec-
tronics, enables resistance measure-
ments to be made with accuracies of
50 p.p.m. for direct reading and
1 p.p.m. for comparison measure-
ments. The system consists of the
model 240 Kelvin ratio bridge, the
model 801 d.c. generator detector
and the RS 925A decade resistance
standard. Separate resistance and
deviation dials simplify component
checking and temperature coefficient
measuring, and low resistance mea-
surements can be made even with the
presence of lead and contact resist-
ances. The effects of humidity and
other leakage problems have been
eliminated for high-resistance mea-
surements.

For further informaiion circle No. 23

24. Precision Potentiometer

Claude Lyons Ltd. have made avail-
able in the U.K. the type 9160G six-
figure precision d.c. potentiometer
produced by Guildline Instruments
of Canada. This has three voltage
ranges: up to 2V in 1-4V steps, up
to 02V in 0-1-uV steps and up to
0:02V in 0:01-4V steps. Contact
resistance problems have been eli-
minated for all switches and thermal
e.m.fs are less than 01 uV. Accu-
racy is high and complete self-
checking facilities are incorporated.
The standard-cell dial covers the
range 1:017500-1-019600 V in 100-xV
steps plus a continuously-variable
dial.

For further informaiion circle No. 24

25. Strain-Gauge Bridge

The battery-operated portable strain-
gauge bridge type 5580 designed by
H. Tinsley and Co. is for use with
Tinsley resistance strain gauges
having resistances between 50 Q2 and
2 kQ, It is suitable for single-gauge,
two-gauge and four-gauge bridges.
Measurements of stress and strain
are made by manually adjusting the
instrument for bridge balance, indi-
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COST
CONSCIOUS ?

SE3006 IS A BRAND NEVW CONCERPT
IN ENGINEERING "VALUE FOR MONEY"”
WITH A FULL SPECIFICATION AS A B

CJF? 12 CHANNEL UV OSCILLOGRAPH
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. 8 STEPS 1500:1 RANGE PAPER SPEED WITH PUSH BUTTDN
SELECTION COVERING A CHOICE OF SPEEDS FROM 5mm
PER MINUTE TO 1250mmPER SECOND

@ FULL 6 INCH WIDTH TIMING LINES AT 0-01 SECOND: 01 &
1 PER SECOND & MINUTE

@ LOVW POWER CONSUMPTION (250 VA)

@ RACK MOUNTING OR PORTABLE (42LBS)

@ 'COULDN'T BE SIMPLER" PAPER LOADING

@ GRID LINES & INDIVIDUAL INTENSITY CONTROLS

|

PRICE ? WHY NOT ASK? YOU WILL BE AMAZED:-

S_E. Laboratorles (Engineering) Ltd., Northern Address:
Astronaut House, Hounsiow Road, Feltham, Middx. 57, Manstield Road,

Teol: Feitham 1166 Nottingham. Tel: Nottingham 44620

For further information circle No. 234
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ADCOLR

T8 CiMIT
(Regd Trede Merk)

HIGH EFFICIENCY
SOLDERING INSTRUMENTS
FOR
BENCH LINE PRODUCTION

S

§

i

DC MOTORS FOR THYRISTOR | 2 e s
SPEED CONTROL FROM

D.
170 1 00 HP ADCOLA PRODUCTS LT
4 L ADCOLA HOUSE
THE ELECTRICAL POWER GAUDEN ROAD
ENGINEERING CO (B'HAM) LTO.,
e LONDON S.W.4
558, BROMFORD LANE,
BIRMINGHAM 8 Telephone
Telephone: STEchford 2261  Grams: Torque, Birmingham 8. MACaulay Telegrams
0291/3 SOLJOINT, LONDON SW.4

For further information circle No. 235 For further information circle No. 236
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' n E E Product Information

Bookiets - Brochures-Data Sheets

Circle the appropriate number on the Service Card (shown
alongside each item) for additional product information,

FOR PRODUCTS IN SUPPLEMENT USE SPECIAL SERVICE CARDS PROVIDED, NOT
CARDS ATTACHED TO THIS INDEX

Enquiry No. | Enquiry No.
Actuators, lightweight 32 Meters, general 213
Amplifiers, d.c./power supply 13 Meters, transducer 230
Amplifiers, differential 217 Microphones, high-intensity 19
Amplifiers, planar turbulance 2 Monitors, vibrator 37
Amplifiers, solid-state, instru- Motor control gear, thyristor 59
mentation 201 Motors 205, 228, 235
Amplifiers, telemetry 12 Mouldings, plastic 253
Analyzers, transient-signal 27 Mouldings, porcelain steatite 229
Auto-tank filling controls 56
Paint-test equipment 57
Batching, auto systems 62 Paper-tape perforators 4
Bridges, strain-gauge 25 Photomultipliers 25
Bulbs 258 Plug-board matrices 33
Plugs 204, 240
Cabinets, boxes, chassis, racks, Potentiometers, precision 24
etc. 214 Printed circuit layout equip-
Calculators, electronic 14 ment 203, 257
Cameras, T.V. 16 Programming systems 34
Capacitors 45, 46, 218, 243 Pyrometers, infrared 30
Ceramics, transparent 6l
Circuit board holders 49 Radar, marine 9
Circuit breakers, miniature 209 Radiomicrophones 17
Closed circuit T.V. 256 Rare earths 260
Coating units, vacuum 221 Receivers/systems H.F. solid
Cold pressure welding equip- state 202
ment Recorders, chart 234
Colour registration units 48 Relays 42, 215, 219, 244
Components, electronic 252 Resistance measurement
Computer programmes, multi- systems 23
purpose 75 Resistors 44
Computers 20, 41, 76
Computers, desk top il Sealing glass-lead free 50
Computers G.P. 15,76 | Servo gcogntrols, A.C. 31
Connectors 220 | Sshaft-position indicators 7
Connectors, solderless 40 Signs, illuminated 254
Control instruments 65 Sockets 204, 240
(literature) | Solder and soldering tools
Control systems, tank filling 56 | 236, 242
Controllers, laboratory-fur- Stabilisers, voltage "239
nace 38 | starters, A.C. 66
Controllers, temperature 224 (literature)
Controllers, yarn tension 52 Switching systems, static
Correlators, time-delay 3 ’
Counters (see supplement) Tacho-generators, flameproof 36
D e Tachometers, digital 26
ata acquisition, trans- Tape, adhesive 225

mission and processing

Tape punching/reading equip-

equipment 22,63 | ment 6, 241
g?tgctors, proximity 23‘2 | Television cameras 16
odes, power Television, closed circuit 249
Electronic components WP R Gt il
o P "o | Thyristor crane controllers 55
Electronic counters 28 ‘ ::'-?L'::t:;:nters 233
Electroplating 221 Transceivers S.S.B. 20
R Transducer meters 230
:f;&'te :omponents %‘:2 Transducers, force 41
Fluid'i:: 'f.:i 5 l Transducers, ultrasonic 58
. {  Transductors 71
Fr:ﬂ::r:caytic meters/timers, 91 ¥ransistor sorters 47
. . ransistors 43, 226, 227
Frequency stabilizer units 72 Transmission systems, elec-
Generators, pulse . 238 I Trtig:‘lr::ch.H.F., planar %22
g::g::g::. ;hgr';:;f::ﬂc 2: | Tubing, vulcanised fibre 212
9 eV |
Ignition, electronic systems 10 | x:fuur: gating —— 22;
Integrated circuits, digital v_bve ia
231, 232 i ra.t on measurement
P equipment 223
Voltage stabilisers 239
Jacks 204 Voltmeters, digital 29
Laboratory furniture 211 .
Laminates, plastics/metals 248 Warehousing, computer-con-
Lamps, signal 259 trolled . 53
Level meters, selective 60 Weighing units, hydrostatic
Light projectors 8 (see supplement)
Logic cards, modular 73 Welders, thermo couple 51
Loudspeakers, bass I8 Wire resistance 237

Materials, asbestos mould-
ing glass fibre 206, 207

G*

Wires and cables, miniature 210

Yarn tension controllers 52

Let the
INDUSTRIAL

ELEGTRONIGS

READER ENQUIRY
SERVIGE

help you to

obtain more
information

To obtain further details of any of the coded items men-
tioned in the Editorial or Advertisement pages of this
issue, please complete one or more of the attached
cards circling the appropriate reference number(s).
Your enquiries will be passed on to the manufacturers
concerned and you can expect to hear from them
direct in due course. Cards posted from abroad
require a stamp. These Service Cards are valid for
six months from date of publication.
PLEASE USE CAPITAL LETTERS

Pour obtenir tous a renseignements sur les produits
codés mentionnés dans les articles ou dans les pages
publicitaires de ce numéro nous vous prions de
remplir une ou plusieurs des cartes ci-jointes en
encerclant le ou les numéros de référence appropries.
Vos demandes de renseignement seront transmises
aux fabricants intéressés qui, en temps voulu, vous
feront parvenir leur réponse. Il est nécessaire d’affran-
chir les cartes postées a I'étranger. Ces cartes de
service sont valides pendant six mois a partir de la
date de publication.

PRIERE D'UTILISER DES CARACTERES D'IMPRIMERIE

Weitere Einzelhelten iiber irgendwelche Artikel, die
auf redaktionellen oder Anzeigenseiten erscheinen,
erhalten Sie, indem Sie eine oder mehrere der
beigefiigten Karten ausfiillen und die entsprechende(n)
Kennnummer(n) einrahmen. lhre Anfrage wird an
den Hersteller weitergeleitet, und Sie werden dann
direkt von ihm horen, Karten, die im Ausand auf-
gegeben werden, miissen frankiert werden  Diese
Service-Karten sind fiir sechs Monate vom Ausga-
betag gultig.
BITTE IN BLOCKSCHRIFT AUSFULLEN

Per ulteriori perticolari in merito agli articoli
menzionati nel testo o nelle pagine pubblicitarie di
questo numero, Vi preghiamo di completare una o
pit delle schede allegate chiudendo in un cerchietto i}
numero o i numeri di riferimento. La Vostra richiesta
sara inoltrata ai fabbricanti interessati che Vi rispond-
eranno direttamente. - Le schede dall’estero devono
essere regolarmente affrancate. Questo scontrino di
servizio & valido per sei mesi dalla data di pub bli-
cazione.

S| PREGA DI COMPILARE LE SCHEDE IN
STAMPATELLO

Con objeto de obtener mas detalles de cualquiera
de los articulos mencionados en las paginas editorial es
o de anuncios de este nimero, sirvase rellenar una o
mas de las unidas tarjetas poniendo un circulo al
nimero o nGmeros de referencia. Sus consultas
serin transmitidas a los fabricantes interesados de
quienes tendrin noticias directamente a su debido
tiempo. Las tarjetas enviadas desde el extranjero
requieren franqueo. Estas tarjetas de servicio son
vilidas durante 6 meses a partir de la fecha de publi-
cacion.
SIRVASE ESCRIBIR CON LETRAS MAYUSCULAS
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You can choose your own peak resistivity
temperature when you specify

STABILOHM 43

the world’s most advanced resistance wire material
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Effect of changes in temperature on the resistance of Stabilohm 43

and you can he absolutely sure of getting
negligible change of resistance over just
the right range of operating temperatures

A You know that the ideal resistance wire for use in precision
AT
Jﬂh“Sﬂn @ Mﬂtth[!’ resistors must undergo virtually no change in resistance over
your range of operating temperatures. And to be absolutely
sure that your resistors have maximum stability you should

JOHNSON, MATTHEY & CO., LIMITED always specify Stabilohm 43.
73-83 Hatton Garden, London, E.C.1 With Stabilohm 43, you can also choose the precisely-
Telephone: Holborn 6989 Telex: 21465 controlled peak resistivity temperature you need, from a

range that covers 15°C to 35°C, to exactly suit the ambient

working temperature of your equipment.
Vittoria Street, Birmingham, 1 Tel: Central 8004 gt of your equip

75-79 Eyre Street, Sheffield. 1 Tel- 23121 Ask for our data sheet today.

GD460

For further information circle No. 237



cated by a centre-zero meter. Two
ranges are provided, 410,000 units
of microstrain and 1,000 units of
microstrain. The limit of error of the
bridge is --0-5% of reading or 5
units of microstrain, whichever is the
greater.

For further information circle No. 25

26. Digital Tachometer

A rugged four-figure digital tacho-
meter has been produced by Smiths
Industries for the measurement of
speed directly in r.p.m. It will operate
from various transducers, including
inductive and photoelectric types,
and will accept input signal fre-
quencies up to 100 kc/s, the minimum
input pulse height being 200 mV
peak. The standard model has a
sampling time of 1 sec and display
times of 1 and 5 sec are selected by
push buttons. Other versions have
sampling times between 10 msec and
10 sec. A crystal-controlled oscil-
lator provides a reference signal to
give an accuracy of +01% up to
100,000 r.p.m. at operating tempera-
tures between 0 and 50 “C.

For further information cirde No. 26

21. Transient-Signal Analyser

An analyser (the French 'Art-1000),
which will extract weak signals from
unfilterable background noise, has

Industrial Electronics March 1967
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been introduced by H. G. Stevens.
Altogether it has 18 operating modes,
stored on plug-in program cards, and
these include signal averaging and
enhancement, amplitude analysis,
amplitudeftimehistogramsand pulse/
spike counts. Up to four analogue
or digital inputs can be accepted by
the 1024-channel memory, analysis
time for the full 1024 channels ranging
from 50 msec to 40 sec; analysis-
delay times range from 0 to 100 sec,
n steps of 1 msec. Readout options
include external oscilloscope, X-Y
and X-t recorders, fast digital
plotters, card or tape punch,
magnetic tape recorder, and slow or
fast printers; a number of
accessories are also available in
module form.

For further information circle No. 27

28. Electronic Counter

A recent addition to the Hewlett-
Packard range of electronic counters
is the model 3735A, a compact six-
digit instrument with a frequency
range up to 12:5Mc/s and a sensi-
tivity of 10 mV r.m.s. above 10c/s.
Facilities are provided for totalizing
and for the measurement of fre-
quency, period, period average (up
to 10% periods in decade steps),
frequency ratio and time interval.
Automatic decimal point indication

isincluded. A binary-coded-decima
output to drive a digital recorder or
other data processing equipment is
available.

For further information circle No. 28

29. Digital Voltmeter

A low-cost integrating digital volt-
meter, known as the DV meter type
500, has been introduced by Weir
Electronics. With a four-digit read-
out using neon tubes, this unit
measures 1 mV to 1kV on four
push-button selected ranges. The
measurements are made to an
accuracy of +01% of full scale
40-2% of reading + one digit. A
good reliability has been achieved
with the use of solid-state printed
circuitry and a 1-kV overload on all
ranges can be tolerated. Push-
button polarity reversal with a neon
indicator and automatic decimal-
point indication are included.

For further information crce No. 29

30. Infrared Pyrometer

The ‘Infred 11’ pyrometer manu-
factured in the U.S.A. by the Rock-
well Co. and marketed in the U.K. by
Wessex Electronics covers tempera-
tures ranging from 70 to 2,500 °F
(21 to 1,370°C). It is suitable for
remote temperature measurement
and control in many industrial appli-
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cations and environments. A par-
ticular use is the measurement of
the temperature of glass or materials
in quartz infrared ovens. The unit
has a spectral response of 4.9-7.5
microns.

For further information circle No. 30

CONTROL

CONTROL
L]

31. A.C. Servo Controls

Vosper Electric have developed a
range of a.c. servo units for control
and power actuation that make full
use of the company's static-
switching units. Of the three dis-
tinct units for covering the require-
ments of industrial and marine
applications, the a.c. proportional
servo unit (with motor output)
consists of a synchro-transmitter
coupled to the lever or other operat-
ing device, with a corresponding
synchro-receiver coupled to the
final output of a geared a.c. servo-
motor; performance characteristics
of the unit are such that the minimum
increment of the synchro-trans-
former is 1° over a full range of 120°,
The design load is 12.5 |b-ft, and the
full range of movement is covered in
5-5 sec when the motor is running at
75%, of full speed. The other two
units are an a.c. on/oft servo, and an
a.c. proportional servo for use with
servo valves; the picture shows
elements of a typical proportional
servo system.

For further information circle No. 31

32. Lightweight Actuator

A high-performance ultra-lightweight
actuator has been introduced by the
electrical equipment division of the
Plessey Dynamics Group; known as
the Cub-mole, it is designed for
operating aircraft fuel cocks and
valves, and similar applications. It
is a two or three-position rotary
actuator, weighing only 13-5 oz with
brake, and has a normal working load
of 35 Ib, a maximum working load of
50 Ib and a maximum static load of
90 Ib. The actuator is fully tropica-
lized and operates over a temperature
range of —55°Cto +120 °C ambient;
the operating time for 180° travel is
4 sec, and 18-in. flying leads are
brought out through a rubber
grommet.

For further information drcle No. 32
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33. Plug-board Matrix

Oxley Developments have added
further plugs and pins and a recessed
bezel frame to their ‘CONTROLOX’
programming system. This system
uses a standard plug board fitted
with contact strips on one side and
having socket points arranged in a
10 x 10 matrix. The boards are
stacked together and shorting pins
and diode pins are inserted into the
sockets to connect the contact strips
of different boards as required.
Stacks can be connected side by side
to increase the matrix size and the
additional pins now allow stacks of
up to six boards to be used. The
system offers a contact resistance of
less than 5 m, a breakdown voltage
between the contact strips of 3 kV
d.c., and a current rating of 5 A.

For further information circle No. 33

34. Static-Switching Systems
Complete static-switching systems
assembled in one integrated instal-
lation can be produced with ‘Fair-
stat’, a new range of solid logic
devices from Fairey Engineering.
The range covers two series of
logic and control modules (together
with a standard mounting panel
incorporating a pre-coded termina-
tion unit), and the Fairstat system
handles the control task from sensing
input signals to operational power
outputs. The series 200 (illustrated)
is a plug-in unit that employs
modular connections, whereas the
series 500 is a wire-in unit. Both
units use printed circuits, and up to
36 modules with indicators and
termination units can be accommo-
dated in the series 500 panel; for
the series 200, the panels are pre-
wired and will accommodate up to
ten modules together with similar
indicators and termination units.

For further information circle No. 34

35. Programming System

D.E.B. Electronics have developed an
inexpensive programming system
that consists of two patterns of
parallel copper strips at right angles
to each other on opposite faces of a
+5-in. thick laminated base material;
there are holes at each intersection
of the two patterns, and these holes
lie on a 0-300-in. matrix. On the
plug-in version of the matrix, all the
strips are connected to an edge
connector, though a flush-mounting
version is also available; it is pro-
grammed by connecting tracks on
opposite sides of the board through
the holes with either a shorting pin
or a component holder. The latter

will accept a wide range of com-
ponents.

For further information circle No. 35

36. Flameproof Tacho-
Generator

The motor and control-gear division
of A.E.l. has introduced a flameproof
enclosure (holding Buxton certifi-
cates for groups | and Il gases) for
its high-accuracy permanent-magnet
d.c. tacho-generator. The tacho,
which is used for the control of
servo systems, speed matching and
recording, has a linearity accuracy
which is constant within +0:15%
over a wide speed range down to
within 1 to 2 r.p.m,, and has a tem-
perature compensation better than
0-003% of output voltage per °C
over normal ambient range; its
ripple content is 0-5% peak-to-peak
low frequency, and 2% peak-to-peak
total ripple. Two ratings are available,
being 0-1 and 0-2V per r.p.m., with
maximum speeds of 4,000 and 2,000
r.p.m. respectively.

For further information circle No. 36

37. Vibration Monitor

Damage due to mechanical mal-
function of rotating and reciprocating
machinery can, it is claimed, be most
effectively avoided by using the
Vibraswitch unit now being marketed
by Industrial Electronic Controls.
The unit is responsive to both
amplitude and frequency, and a wide
selection of auxiliary accessories
(such as time-delay and monitoring
devices) is available; control units
monitoring up to three sensors can
prevent false alarms during start-ups
or momentary power surges. In
operation, the device actuates an
audible warning system and/or shuts
down the machine when the vibration
level of protected equipment exceeds
'normal’ levels; three models are
available, for electric-contact
actuation or pneumatic actuation.

For further information circle No. 37

38. Laboratory-Furnace
Controller

A portable controller (type 15-98)
has been introduced by Ether for
indicating and controlling the tem-
perature of laboratory furnaces and
similar equipment with resistive-
power ratings up to 3 kW. No
permanent wiring or installation is
necessary, and the unit has only
to be plugged in to the mains to
operate. The signal from a thermo-
couple is fed into a temperature-
compensated chopper-type d.c.
amplifier, whose output voltage is
compared with a variable reference

Industrial Electronics March 1967
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voltage controlled by the temperature
set-point. The differential is fed,
via a further amplifier, to a trigger
unit providing firing pulses for two
thyristors, which are connected in
inverse parallel and mounted on
heat dissipators; it is these thyris-
tors that control the power supplied
to the furnace heaters.

For further information circle No. 38

I
COMPONENTS
T . S

39. Thyristors

One of the former limitations of thy-
ristors has been the time taken for
the device to revert to a high-resist-
ance blocking state from a low-
resistance conducting state once the
forward voltage has been reversed or
removed. International Rectifier
have reduced this ‘turn-off’ time to
less than 3 usec for their type 8RCU
thyristor which has a rating of 8 A

full-cycle average current. Another
recently-introduced type is the
10RCU which has a turn-off time of
less than 5 usec and a current rating
of 10 A. Both can be obtained with
a voltage rating of 600 V.

For further information circle No. 39

40. Solderless Connector

A p.tf.e-insulated terminal for sol-
derless wrapped connections has
been introduced by Oxley Develop-
ments. It allows leads and cables
to be connected with the use of
rotary tools. To fit the connector,
a p.tfe. bush is inserted into a
0-156-in. diameter hole and a barbed
conductor is pressed through the
bush. The conductor then offers a
resistance to pull of 121b and a
resistance to turning of 12 oz-in.
The working voltage of the connec-
tor is 1:5kV d.c. and a maximum
current of 5 A can be passed. It
introduces less than 1.5 pF capa-
citance.

For further information circle No. 40
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41. Force Transducer

Penny and Giles have added a load
cell and force transducer to their
range of potentiometric transducers.
The unitis available with ranges from
0-3 Ib te 0-1,000 Ib. Two versions are
available, the TL.36 and TL.38, the
TL.38 incorporating a longer poten-
tiometer for better resolution. Twin
diaphragms operate the potentio-
meter wiper assembly via a flexure
spring linkage. The mechanism
has no bearing friction and operates
within a sealed chamber giving
protection from contaminants. Other
features include the use of platinum
alloy wipers and nickel chrome
windings, a high resistance to shock
and an output voltage temperature
coefficient of 0-01% per °C.

For further information circle No. 41

42. Multipole Relay

Arrow Electric Switches have deve-
loped a relay with wiping contacts
giving high reliability in adverse
climatic conditions. Known as the
‘FPRL’ series, it can switch both
a.c. and d.c. at 24 V and below. It
is available with up to eight poles,
and a maximum of four normally-
closed poles, and can be supplied
with coils for a.c. or d.c. operation.

For further information circle No. 42

43. P.N.P. Transistors

Mullard have added seven p.n.p.
types to their range of silicon planar
transistors. Five have power rat-
ings of 600 mW and two have power
ratings of 350 mW. Because of
their linear gain/current character-
istics all seven are suitable for both
switching and linear applications
and can be used with n.p.n. types.
The 350-mW devices are numbered
BCY70 and BCY72. The former is
primarily intended for medium-speed
switching applications while the
BCY72 is a general-purpose tran-
sistor. A low leakage current, low
saturation voltage and a high cut-off
frequency are features of the 600-
mW types.

For further information circle No. 43

44. Positive Temperature
Coefficient Resistors

A range of ‘Posistors’, resistors with
greatly increased positive tempera-
ture coefficients, has been an-
nounced by Thorn Parsons Co. Ltd.
A feature of the ‘Posistor’ is that
its resistance remains almost con-
stant up to a threshold temperature
but at higher temperatures increases
very rapidly. It is suitable for many

Industrial Electronics March 1967
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-*- One or two pulses up to 20V amplitude, + or — with respect to earth. * Fre-
quency range 2.5c¢[s-2.5Mc/s. -*- Vernier and 1:2:5 switched control of amplitude,
pulse width, frequency, and delay. *‘ Separate polarity control for pre-pulse.
-*- Pulse width :100nS to 10mS. '*- Rise time:10nS. -*- Delay:100nS to 10mS.
* Variable tilt for ease of operation. * All these features in a portable unit of
compact modern design at remarkably low cost.

Ask for full detaitls of this latest addition to the Venner range of transistorised
electronic precision instruments.

VENNER DOUBLE-PULSE GENERATOR TYPE TSA 628

.V- SI= VENNER ELECTRONICS LIMITED

Kingston By-Pass - New Maiden - Surrey - Tel: MALden 2442
Overseas subsidiaries: VENNER A. 6. BURGERNZIELWEG 163006 BERNE - SWITZERLAND - VENNER N. V. HELMSTRAAT 3-DEN HAAG - HOLLAND

For further information circle No. 238
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there is a standard
Claude Lyons voltage stabiliser
already built to
your specification
3k and that includes price

Claude Lyons make the most comprehensive range of voltage stabilisers available today. You will
almost certainly find the stabiliser to suit your application in the Claude Lyons standard catalogue
range. Distortionless servomechanical types from 1 to 120 kVA (and 360 kVA 3-phase). Solid-state
types from 400 VA to 10 kVA. Simple tap-changing types from 600 VA to 2-4 kVA. All very high
quality. All very reasonably priced. Full facts and figures from Publicity Department, Hoddesdon.

Claude Lyons Ltd mm Valley Works, Hoddesdon, Herts Hoddesdon 67161 Telex 22724 m 76 Oid Hall Street, Liverpool 3. MARitime 1761 Telex 6218

CLAUDE LYONS

LEADERS IN VOLTAGE CONTROL [

BA 0287

For further information circle No. 239
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safety and monitoring systems,
especially for electric motor pro-
tection, and is available for operating
temperatures in the range 95 °C to
above 165 °C. Besides monitoring
temperature, ‘Posistors’ can be used
to limit currents or to sense changes
in the environment of the device,
for example liquid/vapour changes,
rate of flow variations or flame
blow-back.

For further information crcle No. 44

45. High Vacuum Capacitors

The English Electric Valve Co. has
extended its range of high-vacuum
capacitors to include a number of
fixed capacitance types. A series
of the glass-envelope type with
ratings of 15 kV peak and 7 A r.m.s.
can be supplied in capacitance
values up to 10 pF. Another series,
rated at 3kV and 50 A, is in the
capacitance range  500-1,000 pF.
Much higher ratings are possible
with ceramic envelopes and among
those of this type available for the
first time is a high-current series
rated at 30 kV and 140 A with capa-
citance values up to 34 pF.

For further information circle No. 45
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46. Ceramic Disc Capacitors
The 801 series ‘Disc Ceramicon’
capacitors are among the Ilatest
capacitor ranges to be introduced
by Erie Resistor. These are avail-
able in capacitance values between
6 and 7,000 pF with a working voltage
of 500 V d.c., and a 10,000-pF version
with a 100-V working voltage can be
obtained. Also offered are ‘Trans-
cap’ versions in values of 33,000 and
47,000 pF with a 25-V working voltage.
Measuring 0-36-in. in diameter and
0-156-in. thick, the capacitors are
produced in two versions, one with
conventional wire leads and the
other with short terminations for
printed-circuit use.

For further information circle No. 46
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47. Transistor Sorter

A high-speed automatic transistor-
handling system (the type 1630) has
been developed by the Daymare
Corp. for use with electronic sorters.
It has been designed for large-

volume sorting, the transistors being
placed in a vibratory-feed bowl,
transferred to a feed track, tested by
associated instruments and de-
posited in one of 12 bins according
to type. The equipment is suitable
for TO-5 and TO-18 transistors,
with long or short leads, and various
epoxy-pack transistors can also be
sorted.

For further information circle No. 47

48. Colour-Registration Unit

A colour-print registration unit (the
5APR/2), which incorporates solid-
state switchgear to provide response
speeds adequate for the fastest of
modern colour-printing and packag-
ing equipment, has been introduced
by Benson-Lehner; it provides high
sensitivity to colour change through-
out the visual spectrum, coupled
with high stability through a range of
mains and temperature variations.
Basically, the equipment consists of
a dual-directional control unit and a
photo-head which incorporates a
photo-cell projection lamp and
optics. The control unit prevents
signals being applied in one direc-
tion while the circuit is controlling
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the opposite direction, and consists
of a photo-cell, transistorized ampli-
fier and electronic timer, with solid-
state switching equipment and power
supplies.

For further information airde No. 48

49. Circuit-Board Holder

A quick-acting rigid work-holding
device, which can be easily adjusted
to all positions, has been introduced
by Technical Representation. lts
spring-loaded arms securely hold
the workpiece, and release instantly
on applying light pressure to a lever;
large 2-in. hand knobs provide
positive locking, and indexing keys
permit rotation of the work in 90°
increments. The circuit-board fix-
ture may aiso be used for holding
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cable connectors, terminal boards,
small assemblies and similar items,
its capacity being 3 < § to 7 > 7in.
for length, and 3% to % in. for
thickness.

For further information circle No. 49

50. Lead-Free Sealing Glass

A sealing glass (code 4070) that is
lead free, has a low alkali content and
can be quickly sealed by infrared
energy is now available from Corn-
ing Glass Works; using it to en-
capsulate miniature diodes, electrical
degradation due to alkali poisoning
is minimized or eliminated. The
glass, which seals to molybdenum
and tungsten, has a very high absorp-
tion of energy in the infrared region
from about 075 to 4:75 < 10 %m
wavelength, and non-flame sources
(coil or infrared lamp) can be pre-
cisely focused on the area to be
sealed; heat-sensitive devices are
not damaged during encapsulation

because heat absorption is localized
in the seal area.

For further information circle No. 50

51. Thermocouple Welder

Spembly Technical Products have
introduced the model 125 SRL
thermocouple welder to their range
of miniature welders; it incorporates
nine separate time-current com-
binations, which make it possible to
join any combination of metals up to
0-8mm in diameter. Metals are
welded in an inert gas, thus eliminat-
ing pre-weld preparation of the
surfaces and the use of filler rod,
flux, solder or paste. Because no
third material is used in the process,
the two welded metals are completely
alloyed at the junction; as a result,
the welded thermocouples exhibit
less than 0-01 °C variation from one
couple to the next at room tempera-
ture.

For further information circle No. 51
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R.T.E.B. Annual Report

The annual report of the Radio
Trades Examination Board for the year
ended February 1966 has now been
published ; it shows that the total
number of candidates examined in the
four practical tests increased by 249
over the previous year to a total of
3,279.

Candidates for the electronic servic-
ing examinations continue to increase
in number, and it is anticipated that
this field will soon become as impor-
tant as the radio and television side of
the Board's activities. Meanwhile,
there is evidence that many holders of
the final radio and television servicing
certificate eventually seek and obtain
employment in the industrial and pro-
fessional electronics field.

Joint Organization for
Technological Training

Three leading trade associations
(the British Electrical & Allied Manu-
facturers’ Association, the Electronic
Engineering  Association and the
Scientific Instrument Manufacturers’
Association) have decided to establish
a joint organization to co-ordinate
the activities of their member com-
panies, and other manufacturers, in the
field of technological training and
educational aids.

Its purpose is to promote the
developing market in this field at home
and overseas, provide a liaison with
government departments, and establish
close co-operation with educational
and training bodies throughout the
world.
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Modular Logic Cards

A range of miniature modular logic
cards, developed to simplify electronic-
systems design, is now available in the
U.K. following a manufacturing and
marketing agreement between Advance
Electronics Ltd. and the Data Tech-
nology Corp. of America.

The cards feature replaceable
integrated circuits, have a 5-V common
power supply voltage and use NAND
logic ; they are supplied for operation
in the temperature ranges 0-50 “C and
0-70 "C, and have a 5-Mc/s capability.

For further information drcle No. 73

Telecommunications
Industry Enquiry

The Industrial Reorganization Cor-
poration is to examine (by Govern
ment request) the structure of the
telecommunications industry and its
relations with the Post Office, to sec
whether they can be improved in the
national interest. The great demand
for telecommunications equipment
that is entailed in the future develop-
ment programme of the Post Office has
created the need to help the industry
keep pace with a rapidly changing
technology, and so the study will be
concerned with as many companies as
possible that supply telecommunica-
tions equipment (directly or indirectly)
to the Post Office. Its findings will,
unfortunately, be kept confidential.

Solid-State Control
Symposia

Encouraged by the response to their
1966 series of symposia on solid-state
control, MTE Control Gear Ltd. are
this year organizing six such two-day
meetings at Westcliff-on-Sea, Essex.
Designed to assist engineers to bridge
the gap between conventicnal and
solid-state circuitry, they will cover the
fundamental principles of solid-state
switching and control, combined logic
power circuitry and counting systems,
together with their applications to con-
temporary industrial technology. The
symposia will be held at the Westclifi
Hotel in March, June, July, August.
October and December.

For further information circle No. 74

Regional {Computing
Centre Project

Details have now been announced
of a major computer project to be
undertaken by the new regional com-
puting centre at the University of
Edinburgh.  Master programs for
large-scale conversational computer
systems are to be developed with the

financial assistance (amounting to
some £350,000) of the Ministry of
Technology and English Electric-Lec-
Marconi Computers—the first time
that a Government department, a
commercial organization and a univer-
sity have co-operated on such a scheme.

The university has ordered a System
4-75 computer from E.E.L.M., and this
will be delivered in the summer of
1968 ; in the meantime, their rented
KDF 9 machine will provide the
required facilities. 1t is intended that
the exploitation of the multi-access
facilities being developed will not only
meet university research and teaching
needs, but will also serve local industry
and research establishments; the
number of those who will have simul-
taneous access to the computer from
remote terminals  will  eventually
exceed 200.

Muliti-Purpose Computer
Program

English Electric-Leo-Marconi have
devised a new multi-purpose computer
program, called GENDA. which
enables a variety of data-processing
tasks to be implemented without the
necessity for writing individual pro-
grams ; it has a wide range of possible
applications in the fields of statistical
analysis and stock and production
control, and is written in Fortran.

The versatility of this general data-
analysis and simulation program has
enabled the Bureau Division of
E.E.L.M. to run such widely-differing
projects as a weekly production
schedule for a major biscuit manu-
facturer and a pilot stock-control
scheme for a large corporation bus
fleet, without spending valuable timc¢
on writing and proving individual
programs. It has already been used
for analysing the optimum utilization
of power stations to meet daily demand
variations, and used as a simulation
program it has been applied to
customer-demand forecasting as well
as production scheduling.

For further information circle No. 75

U.K. Licence for Automatic
Handling Machine

Hawker Siddeley Dynamics and the
American Machine and Foundry Co.
have signed a licence agreement for
the manufacture and sale of the AMF
‘Versatran’.

Versatran is a programmed position-
ing, transfer and handiing machine
with a wide range of industrial ap-
plications. The machine’s versatility
eliminates the need for costly single-
purpose automation. and is readily
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The National Physical Laboratory, at Teddington, recently took
delivery of an NCR-Elliott 4120 computer that will be used for
research into simpler methods of creating computer programs. It
is equipped with the on-line graphical-display system shown here,
which enables an instantaneous interchange of both graphic and
alphanumeric data between the operator and the computer. By
means of the light pen instructions can be given to the computer,
and their results can be incorparated into the display virtually
simultaneously

For further information circle No. 76

into existing production

integrated

4

is a pilot-scale acetone manufacturing

Numerically-controlled drilling machines are now being employed
extensively by Peter Brotherhood Ltd., the Peterborough engineering
company. They are using Wadkin TH drills controlled by Airmec
N271 Autosets, most of the work being done consisting of short
production runs. Resufts have so far proved very successful—
greater accuracy than jig drilling is achieved, fitting time is con-
siderably reduced and almost all machine time is now drilling time

Closed-circuit television techniques are being increasingly adopted
throughout industry as their advantages are appreciated. Here,
cc.t.v. equipment is shown being used at British Insulated Callen-
der's Cables’ Belvedere factory, where super-tension cables are
manufactured. The 19-in. monitar and associated cameras were
supplied by the Rank Organisation, and they allow the operator to
observe, from the control position at the input end of the paper-
lapping machine, the ‘coiling-on’ process that takes place some 70
yds away at the output end. In addition, two 14-in. Pye monitors
enable the passage on the far side of the machine to be observed

ing Automation’ drive to encourage

systems.

Under the terms of the agreement
Hawker Siddeley Dynamics will manu-
facture Versatran in the U.K. and sell
it in the UK., Scandinavia, Western
Europe and the Commonwealth.

Experimental Computer-
Controlled Processing Plant

The Ministry of Technology’s
Warren Spring Laboratory is offering
to those companies in ‘the chemical,
oils, food and other pracessing indus-
tries that are interested in the applica-
tion of computer confrol the oppor-
tunity to study their problems and
requirements in the practical context
of a working plant.

The Laboratory’s plant at Stevenage
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complex, linked through direct digital
control to an ARCH 9000 computer,
and small groups of interested engi-
neers will be invited to attend a one-
week course there. A typical pro-
gramme may include instrumentation,
computer peripherals, programming,
control work, modelling, computer
and equipment purchasing, practical
work with the acetone plant, and pro-
cess control in the mineral-processing
field.

Automation Advisory
Centres

The Ministry of Technology is to
support the setting up of a number of
permanent advisory centres through-
out the U.K. as part of the ‘Approach-

industry, particularly the smaller firms,
to make greater use of low-cost auto-
matic control devices. The centres
will mainiy be based on universities
and technical colleges.

The centres will be used to demon-
strate low-cost automation techniques
to industrial management and to pro-
vide engineers with short courses and
advice on practical applications. The
lecturers staffing the centres will be
available for consultation and will be
prepared to visit firms to study
problems and to carry out experi-
mental or design work where required.
The laboratory facilities in each centre
will be available at the discretion of
the university or college to engineers
who lack their own experimental
facilities.
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PERSONAL NEWS |

The Institution of Electrical Engineers
has elected to honorary fellowship Sir
Josiah Eccles, C.B.E., D.Sc., C.Eng.,
M.IL.C.E., M.LMech.E,, F.LE.E., for
service to the electrical supply industry.
Also elected as an honorary fellow
was Sir Bernard Lovell, O.B.E.,
F.RS.,, for his work in radio
astronomy. The 45th award of the
Faraday Medal has been made to
Professor H. E. M. Barlow, Ph.D.,
B.Sc.(Eng), C.Eng., M.LMech.E.,
F.LE.E, F.R.S., for work in micro-
wave enginecring.

H. N. Pemberton, C.Eng., has become
the chairman of the Council of Engi-
neering Institutions. He succeeds Sir
Robert Wynne-Edwards, C.B.E.,
D.S.0., M.C,, M.A,, C.Eng., who has
retired.

C. F. Machin, B.Sc., F.Inst.P., has
been appointed a director of Mullard
Ltd. He continues as head of the
Mullard industrial markets division,
but relinquishes his directorship of
Associated Semiconductor Manufac-
turers Ltd.

W. H. Sternefeld has retired from the
post of export consultant with the
Plessey Components Group. Mr
Sternefeld was previously export sales
manager of the TCC capacitor
division. J. L. Montigue, formerly
assistant to Mr Sternefeld, has become
the division’s export sales manager.

P. R. Max, B.Sc.(Eng.), M.LE.E., has
been appointed managing director of
George Kent (Australia) Pty. Ltd.
Mr Max joined the George Kent
Group from Cossor Electronics where
he was general manager and a director
of the radar division.

B. J. Hadley has been appointed
deputy managing director of Inter-
national Rectifier. This is in addition
to his position as production director.

The board of Livingston Components
has been joined by four further
directors. These are K. E. Owens,
general manager of Livingston Labora-
tories. F. R. G. Webb, who was
formerly chief of inspection and test
of Livingston Control and who is now
general manager of the Bognor printed-
circuit factory, P, . Davies, produc-
tion manager of Livingston Control,
and Martyn Culverhouse, who is now
sales director responsible for printed
circuits and electronic components.
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Two board appointments have been
made by Associated Semiconductor
Manufacturers Ltd., which is jointly
owned by Mullard and G.E.C. J. A.
Jenkins, ML.A. A.Inst.P., at present
a director and general manager, has
become the managing director, and
J. C. Akerman of Mullard is now a
director.

Texas Instruments have announced the
appointment of P. E. Haggerty as
chairman in place of J. E. Jonsson
who has retired. Mr Jonsson will
continue to serve Texas Instruments
as honorary chairman and as a
director. Mark Shepherd Jr. has
been elected president.

The Theta Instrument Corp. of the
U.S.A. has announced the appointment
of Edward Drollinger as European
marketing director. This is a recently-
created post.

Ronald Millership, Ph.D., has become
general sales manager and managing
director of Varian Associates. Previ-
ous to this he was general manager of
Elliott Process Automation.

GOMPANY NEWS

A Chair in Telecommunications
Systems in the department of engineer-
ing science at the University of Essex
is to be established following an
agreement between the University and
the Post Office. The Chair will pro-
vide teaching at both undergraduate
and post-graduate levels and will con-
duct research in telecommunications
systems engineering.

Research Flectronics has been re-
organized into two divisions. In
future all marketing, sales, publicity.
customers’ enquiries and outside repre-
sentation will be handled by Research
Electronics (Sales) Ltd.. Lee Green,
Mirfield, Yorkshirc. Research Elec-
tronics (Development and Manufac-
turing) Ltd. will be dealing with all
development, manufacturing and ser-
vicing and are situated at the existing
premises in Bradford Road. Cleck-
heaton, Yorkshire.

The George Kent Group has pur-
chased from Hawker Siddeley the
‘Pottermeter’ business of Gloster Saro
Ltd. ‘Pottermeters’ are liquid-flow
meters and will be handled by the
recently formed Pottermeter division
of Kent Industrial Tnstruments.

The British Electrical Resistance Co.
are offering, via an ex-stock sales
counter and mail order department at
Enfield, immediate sale or delivery
of ‘Regavolt’ variable transformers,
C.V.S. voltage stabilizers, ‘Bercostat’
power rheostat potentiometers and
various standard control knobs. A
further recently-introduced facility is
a repair and replacement service for

‘Regavolt’ transformers by which
damaged units can be immediately
replaced.

Plessey and Ansafone Holdings have
formed, as equal partners, a jointly-
owned company, Plessey Ansafone
1td. This will distribute the ‘Ansa-
fone’ telephone answering and record-
ing machines.

Varian Associates is to start manu-
facturing advanced analytical instru-
ments and other equipment in the U.K.
and it is planned to export half the
production output. A 20-year lease
has been taken on a factory near Edin-
burgh and this is to be replaced later
by a permanently-owned plant.

The London Electrical Manufacturing
Co. (LEMCO) have changed their
address to Beavor Lane, Hammer-
smith, London, W.6. LEMCO manu-
facture silver mica, ceramic, polyester.
polystyrene and subminiature electro-
lytic capacitors.

Gawt Distributor Services are now
acting as representatives for G. A.
Stanley Palmer Ltd. and for the Weller
Electric Corp. They will be distribut-
ing soldering and de-soldering tools
for Weller Electric and are covering
central England and Wales for a range
of  high-stability = composition-film

resistors and  metallized-polyester
capacitors  produced by Stanley
Palmer.

The capacitor division of Standard
Telephones and Cables has received
full qualification approval to DEF
specification 5134/A-5 for their range
of etched-tantalum-foil capacitors.
These capacitors are miniature com-
ponents of high capacitance, perform-
ance and reliability intended for use
where miniaturization is an essential
requirement.

The entire capital of Cadmium Nickel
Batteries Ltd. has been acquired by
the French company, Societe des
Accumulateurs Fixes et de Traction
(SAFT). SAFT, a subsidiary of Com-
pagnie Generale d’Electricite, have held
a minority interest in Cadmium Nickel
Batteries since 1962.
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NEW BOOKS
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Specification for Dimensions of Pot Cores Made of
Ferromagnetic (Oxides for use in Telecommunication and
Allied Electronic Equipment

British Standard 4061 :1966. Pp. 17. British Standards
Institution. 2 Park Street, London. W.l. Price 12s.

This Standard specifies dimensions and tolerances neces-
sary to ensure dimensional interchangeability of two ranges
of pot cores made of ferromagnetic oxides.

Range 1 is an established British design. range 2 is in
accordance with the international standard given in 1EC
Publication 133. Dimensions of gauges for both ranges are
specified.

Appendices give the method of calculation of the effective
parameters of pot cores, notes on the use of the effective
parameters and a list of symbols.

Eurolec GB Pocket Guide 1967

Pp. 265. Published by David Rayner Associates. 18 Penton-
ville Road, L.ondon, N.1. Price 32s. 6d.

This directory is a source of basic information on com-
panies active in the electronics and instruments industry
in Great Britain. The list of foreign companies forms Part 2
of the guide but the major portion of the directory is taken
up with Part | which comprises over 1.500 entries on
companies engaged in the British electronics and instru-
ments industry and includes manufacturers, agents and
distributors.  All active companies are given with their
addresses, telephone and telex numbers, general product
lines, main divisions, parent and related companies. the
names of managing director and sales contacts, distributors
and principals. The entries are closely linked together with
cross references to facilitate the location and background
of companies.

Physical Fields

By J. kvasntca.  (English translation edited by G. A. TOOMBS,
pH.D.) Pp. 184. Hiffe Books Ltd., Dorset House. Stam-
ford Street, London, S.E.1. Price 17s. 6d.

This book covers the classical theory and general pro-
perties of the electromagnetic field, the corpuscular nature
of electromagnetic radiation, the dualism of waves and
particles. the representation of quantities in the quantum
theory, non-relativistic and relativistic quantum mechanics
and particles as field quanta. 1t is the second in the series
‘Physics Paperbacks’, which is designed to provide a com-
prehensive introduction to a number of advanced physics
subjects for university-level students.

Japanese Miniature Electronic Components Data, 1966-67
Edited by G. w. A. DUMMER and J. MACKENZIE ROBERTSON,
Pp. 461 + xxiv. Pergamon Press, Headington Hill Hall,
Oxford. Price 126s.

Fifty-four Japanese manufacturers are included in this
reference volume. Electrical characteristics, dimensions
and other data are provided for a wide variety of com-
ponents produced by these companies.
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Volume 1 Semicondructors and

Semiconductor Devices,
Semiconductor Diodes
By Max 3. 0. STRUTT. Pp. 313 + xv. Academic Press Inc
(London) Ltd.. Berkeley Square House. London. W.I.
Price 100s.

Based on a book entitled ‘Halbleiterbauelemente, 1.
Halbleiter und Halbleiterdioden’ published in Switzerland
in 1962, this book deals with semiconductor physics and the
characteristics of various semiconductor devices.

Mathematics for Electronics Technicians

By PaUL L. EVANS. Pp. 392 + vii. John Wiley and Sons

Ltd.. Glen House, Stag Place. London, S.W.l. Price 56s.
The basic mathematics, up to elementary calculus,

required by electronics technicians is explained in this

book. The mathematics is related throughout to electronic

circuitry.

Critical Path Analysis by Bar Chart

By ¢c. w.LowE. Pp. 188 4+ x. Business Publications Ltd..
Mercury House. 103-119 Waterloo Road. London, S.E.I
Price 45s.

Critical path analysis of an industrial process or opera-
tion can result in large time savings. This book describes
one method of critical path analysis and provides examples
of its use.

Introduction to Instrument Transformers

By BRIAN D. JENKINS. Pp. 282 4+ xiv. George Newnes
L.td., Tower House, Southampton Street. London, W.('.2.
Price 50s.

Both current transformers and voltage transformers arc
dealt with in this book. Basic theory. design approach.
types of construction, materials used, testing and the use of
instrument transformers in measuring and protective cir
cuits are explained with a minimum of mathematics.

Selected Papers 11, PAL, a Variant of the NTSC Colour
Television System
By p=. w. BRUCH et al. Telefunken AG, 1 Berlin 10, Ernst
Reuter-Platz 7, Germany. Price DM 6.00.

A special edition of Telefunken-Zeitung, this book con
tains 13 papers on different aspects of the PAL colour
television system:

Modelle und Ersatzschaltungen von Halbleiterdioden

By w. WUNDERLIN. Pp. 64. Birkhduser Verlag, 4000 Basel
10, Switzerland. Price sFr 9.50.

Introduction to Diophantine Approximations

By SERGE LANG. Pp. 83 + viii. Addison Wesley Publish-
ing Co. Inc.. 10-15 Chitty Street, London. W.I. Price 54s.

Introduction to Transcendental Numbers

By SERGE L.aNG. Pp. 105 + vi. Addison Wesley Publish
ing Co. Inc.. 10-15 Chitty Street, London, W.1. Price 60s.
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PLUGS AND SOCKETS

Y

PLUS EX-STOCK IlElIVERY

The full range of Multicon plugs &
sockets, 2 pole to 33 pole, now

available ex-stock

Send for booklet P.S.I..

Painton & Co. Limited
KINGSTHORPE: NORTHAMPTON
Tel: 34251 (10 lines). Grams: ‘Ceil' Northampton. Telex 31576

2
PAINTON
| |

Inc. ITALY Painton Italiana. SWEDEN Svenska Painton A.B. BENELUX Painton. S.A.

AUSTRALIA Painton (Australia) Pty. Ltd. U.S.A. Painton
GERMANY Painton G.m.b.H.

For further information circle No. 240
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Fry's range of precision solder-
ing irons make today's con-
nections in miniature printed
circuits, television and elec-
tronic components, and tele-
communications equipment.

Ratings range from 15 to 130
watts, with heating times as
little as 50 seconds. Three
bit types are available; both
bits and elements are easy to
change.

COPFER: Standard type.

NON-CORROSIVE: Coated to
prevent the bit biting into the
element.

DURATIP: For extra-long life,

These soldering irons are
made for today's craftsman.
Look for even better things
from Fry's tomorrow. And
the day after.

FRY'’'S
METALS LTD

TANDEM WORKS
MERTON ABBEY, LONDON, 8.W.19
TELEPHONE : MiTcham 7020

T T T T e T A

Name
Address

Position

Please send me details of FRY Flowsolder Soldering Irons

it’s the day after
they’re working on now!

For further information circle No. 242
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MODEL 4101

PHOTO-ELECTRIC TAPE READER 0-1000 CH/SEC.

MODEL 2082

TAPE WINDER 0-125 CH/SEC.

TAPE REELS (TAKE-APART TYPE)
82" O/D. 11/16",7/8" & 1" TAPE

GREAT NORTHERN
TELEGRAPH WORKS

Sydhavns Plads 4 . Copenhagen SV . Denmark
London Office: 5, St. Helen's Place, E. C. 3.

Tel. LONdon Wall 4567

For further information circle No. 241




Industrial Electroniecs March 1967 37

g
w—v'vﬁ“
: ETR 22 F h - -
ISOV DL.BS’C 100V, llc. IZS'C
~E1310/8

This is the only aluminium
electrolytic available in the UK
which operates over this
temperature range

It’s smaller than an equivalent tantalum foil type,
two thirds the weight and two thirds the price.
The TCC Extended Temperature Range capacitor is
the big breakthrough in aluminium foil electrolytic
design. Improved foil etching processing plus new
formula electrolytes enable an extended temperature
range to be achieved with a considerable reduction in
size and weight.
At the same time you get near tantalum performance

. life tests prove excellent reliability and stability of
parameters. Changes of capacitance, power factor and

leakage current meet the requirements of MIL-C-39018.

The Telegraph Condenser Company Limited,
Wales Farm Road, North Acton, London W.3.
Telephone: Acorn 0061 Telex: 261383
Telegrams: Telefarad, Wesphone, London.

PLESSEY
Components Group

There are seven sizes, values range from 3.3 to
1,000uF. Working voltages from 5 to 200V at 125°C.
Get the full story. Send the coupon now.

Please send me Bulletin 100
on the TCC Extended Temperature Range
Electrolytic capacitors.

Name

Position

Company___ )
Address =

| am particularly interested in capacitors for

[ ¢ F ¥ 1 aad_ F _J |

e

@TC 14

For further information circle No. 243
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lirami] RHM

RELAY TYPE
5858-2-2-2
| " con[1Z vo]
| cONTACTS [ A.30V.10W.
1 3 C

The Hendrey Reed Relay Type 5858 is
available with solder hook terminations
asillustrated or with flying leads, bracket
or strap mounting; or with pins for
plug-in bases. Write for fully detailed
data sheet (Section 4, Sheet l), with
dimensioned drawings.
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® Life not less than 2
full load

® Suitable for ground or airborne use—
fully meets requirements of B.S.
2G.100

® Fully encapsulated—unaffected !by
humidity

® Suitable for working in’ambient tem-
peratures from —60°C. to + 120°C.

® Approved for dry circuit switching on

voltages in the millivolt;range

10® operations on

A newcomer to the crystal can range and designed for use in data handling systems and similar
applications, the new Hendrey Reed Relay Type 5858 is encapsulated in a steel case providing
both mechanical and magnetic screening. The relay is robust and suitable for use in the most
adverse climatic conditions. Carefully selected reeds and pre-use forming guarantees a mini-
mum of 2 10% operations on full load, and response time of the contacts is better than
2 milliseconds, with negligible bounce both making and breaking.

Maximum rating: 0.5A or 30V D.C. or |0W resistive loads.
Inductive loads should be suitably quenched. Three standard contact arrangements: (a) two
normally open; (b) four normally open; (c) two normally open and two normally closed. Coils
can be wound for any D.C. voltage up to |00V D.C.

HENDREY RELAYS & ELECTRICAL EQUIPMENT LTD., V-
390-394 BATH ROAD, SLOUGH, BUCKS. @
\\—_

Telephone: Burnham 609/612 Telegroms: Hendrelay Slough
Telex No.: 84314 Chamcom Slough Hendrelay
Manufacturing Electrical Engineers. Control & Laboratory Apparatus.

A.R.B. and M.O.A. Approved Design and Inspection.
On Admiralty Principal Ministries and Post Office Lists.

For further information jrcle

No. 2'44

FERRITES

WIRED
OR
WOUND

~ NOUNTED TO. -

T l0 Standard mad
best quality, quickest delivery. .. at the right price

Newport [nstruments

LTD
Newport Pagnell, Buckinghamshire, England - Phone: Newport Pagnell 401

For further information circle

No. 245
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resolve....500 MHz
to within....10 Hz

In just........1-5 Sec.

with the Racal SA.560

fully automatic frequency meter and timer

By combining the well-proven SA.540 11 MHz Universal Counter/Timer
with the new SA.541 fully automatic 500 MHz Heterodyne Converter,

we have made an important advance in the technology of UHF measurement.
The Racal technique exploits the high inherent accuracy of heterodyne
measurement whilst preserving the instantaneous and unambiguous
advantages of direct reading.

We call this combination of instruments the SA.560
and the price is £1145

We also sell the instruments separately,

the SA.540is £795 the SA.541*is £350

SA.560 Specification Highlights

[(] 8-digitin line readout plus 1 digit indicating hundreds of MHz

[CJ Automatic level selection  [] 100 mV sensitivity

[J Al solid-state design [J Frequency range d.c. to 500 MHz direct reading

[J Crystal Stability 2 x 108 short term ] Comprehensive counting and timing facilities.
*The SA.541 will function with any good quality 10 Mc/s Counter.

Werite or telephone for full details to :-

[RJA[C/A]

Racal Instruments Limited,

Dukes Ride, Crowthorne, Berks., England.
Telephone: Crowthorne 2272/3 and 3763. Telex: 84166. Cables: Racal, Bracknell.

For further information circle No. 261
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WALMORE
®

ELECTRONICS @ O

UHF
ANAR TRIOD

Walmore Electronics Limited 11/15 Betterton St., Drury Lane,
London WC2 - Telephone TEMple Bar 0201-5

Plate Dissipation

6-100W

FREQUENCY

RANGE
2500 to 500 MC/S

USES: OSCILLATORS, AMPLIFIERS
FREQUENCY MULTIPLIERS

Designed for stable and reliable operation
after a short heater warm-up time and
with reduced frequency drift until stable
conditions are reached in a few seconds.

The “Phormat Cathode” withstands high
field gradient and allows operation at high

plate voltages.

LIMITED QUANTITY OF COMPREHENSIVE CATALOGUES
AVAILABLE FOR EQUIPMENT OESIGNERS

o @

For further information circle No. 247
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Irradiated polyolefin products you can count on

Standard copper-clad

POLYGUIDE

Standard copper-clad Polyguide from
E.C.C. is a copper-clad irradiated
polyolefin dielectric strip-line ma-
terial for microwave circuits. It is
manufactured to the highest stand-
ards of consistency and uniformity.
Dielectric constant : 2-320 -005
maximum at 1300 mc. Overall
thickness variation :  better than
-0-002” sheet to sheet. Loss factor:
1-2 10-5; at | me.

Easy-to-machine

INSULRAD

New Insulrad is a low-cost, low loss
dielectric insulation material that
can be sawn, drilled, punched, turned
and even welded. Easy to machine,
because Insulrad is irradiated for high
heat resistance and homogeneity.
Available in a variety of shapes—
sheets, rods, tubes or any special
shape required. No matter what the
shape, for whatever application—the
quality is always the same with
Insulrad.

Aluminium-backed

POLYGUIDE

New Aluminium-backed Polyguide
is a unique copper-clad, irradiated
polyolefin  dielectric that cuts
production costs of microwave
strip-line components and systems.
This eliminates backing boards. No
shrinking, warping or adhesives.
Nothing on the interface to inter-
fere with circuit operation.

ELECTRONIZED CHEMICALS CORPORATION

a subsidiary of HIGH VOLTAGE ENGINEERING

For further information please write to
the sole U.K. importers and distributays

sweue s AD. AURIEMA Ltd

125 GUNNERSBURY LANE,
ACTON W3 - (Telephone ACOm 8765)

For further information circle No. 248
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AN INTEGRATED RANGE OF SIGNAL SOURCES

OUR POLICY OF SELECTING FROM WORLD SOURCES INSTRUMENTS OF REAL MERIT
CONTRIBUTES TO SPEED AND SUCCESS IN BRITISH DEVELOPMENT.

THESE EXAMPLES ARE FROM ROHDE & SCHWARZ WHOSE RANGE OF SIGNAL
GENERATORS IS UNEQUALLED.

A universal signal generator built according

to the principle of frequency synthesis. Digrtal

» @ , o v frequency setting in smallest increments of
) 0 [N 1 Hz. Facilites for remote control, programm

t able with auxihary equipment. Built-in

)
) | frequency standard of the 10 ? class. All usual
types of modulation possible with the corres-

. - 3 . ponding modulators. Fully transistorised : AC
6 2 4 @C 3 1 ) .
supply and battery operation
= ° A disc-seal triode oscillator with high stability.

The wide frequency range from 2.3 to 7.0
GHz is covered 1in one band. Can be synchron-

co 0vs 0sv @

by & ised by standard frequencies. Versatile pulse
L ] . B Sl N A modulation possibilities (100%). High output
el power (up to 3W). Plug-in modules make

DECADE RF SIGNAL GENERATDR TYPE SMOH for easy servicing SHF POWER SIGNAL GENERATDR TYPE SLRC

write for full details

AVELEY ELECTRIC LIMITED SOUTH OCKENDON ESSEX

TELEPHONE: SOUTH OCKENDQON 3444
TELEX 24120 AVEL OCKENDGON FOR YOUR 18967 ROHDE & SCHWARZ CATALCJGLJE

FSBL3

For further information circle No. 249
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AQUART OF POWER IN A PINT OF PAGH

Our TSU-0500 power supply sub unit is small enough to fit snugly into your
hand. Yet it will provide stabilised DC output of 0-5 amp at any fixed voltage
in the range 6 to 30 volts.

Rated for operation in ambient temperatures up to 45 C, the TSU-0500 in-
corporates a non-destructive overload protection circuit to ensure that output
current is limited to a safe load even if the load is short circuited. Look at
this specification:

« ~ < 1 s

Unit size: 53" 34" < 23", Stabilisation: Output voltage changes by less than
0-02",, for mains voltage variations up to 10, nominal. Output Resistance:
Varies from 0-0l ohm at 6 volts output to 0-05 ohm at 30 volts. Quzput
Impedance: Less than 0-5 ohm at all frequencies up to 500 k¢/s.  Temperature
coefficient of output voltage: 0-05°, (500ppm) per degree C. Price: £25.

The TSU-0500 is the smallest unit in the TSU range. There are other units
rated for outputs of | amp., 2 amp., 5 amp., and 10 amp. Full detaits of our
complete range wifl be sent on request.

Al pl T Please send me details of the range of TSU Power supply units

ELECTRONIC Name
|ND“ST|“ES I-Tn- Company

Chertsey Road, Byfleet, Surrey
Tel. Byfleet 41131/2/3/4 PABX
Grams. APTRAN, BYFLEET Address

For further information circle No. 250
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Latest Plholomultiplier
for improved
energy resolution

(NVELECTRONICS
9656 with Super S.11. Cathode

The new type 9656, with Supger S.11. Cathode, marks another
advance in photomultiplier development. The modified spectral
response of this photo-cathoce enables users to achieve far better
results than those obtainable with the standard S.11. Cathode
The increased quantum efficiency is important when the 9646 is
used for the resolutian of low energy radiation. For example, when
used with a thin beryilium window Nal-Tl crystal a peak to valley
ratio of 23:1 is obtained with a Fe®® 5.9 keV X-ray source. The 8656
can be used to advantage in other applications including photo-
metry, spectrophotcmetry, astronomy, and flying spot transducers,
where a sigrificant imprcvementin signal-to-noise ratio is obtained.
Write for details of Type 9656 with Super S.11. response.

— 1 EMIELECTRONICS LTD - VALVE DIVISION - HAYES
MIDDLESEX - ENGLAND - TELEPHONE: HAYES 3888 - EXT: 2542
CABLES: EMIDATA LONDON - TELEX: 22417

EE 4500

For further information circle No. 251
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P.T.F.E. LEADTHROUGHS

@ WINGROVE & ROGERS LTD

DOMVILLE ROAD - LIVERPOOL 13
Telephone: Stoneycroft 2265
LONDON OFFICE: 75 Uxbridge Road - Ealing W.5. Tel: EALing 704617

For further information circle No. 252

PLASTIC

MOULDINES

THERMO-SETTING THERMO-~PLASTIC

ACTUAL SIZE

FREDERICK W. EVANS LTD.

Plastic Works, Long Acre, Birmingham 7.
Telephone: STD. 021 EASt 3071 (4 Lines)

For further information circle No. 253
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McGEOCH

ILLUMINATED

SIGNS

to your
requirements

WILLIAM McGEOCH & CO. (BIRMINGHAM) LTD
BORDESLEY, BIRMINGHAM 10
Telephone: 021 VIC 3371 Telex: 338346 McGeoch B’ham

For further information circle No. 254
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AUTOMATION AND MECHANISATION
OF PRODUCTION PROCESSES IN
THE INSTRUMENT INDUSTRY

A. N. Gavrilov, Institute of Automation and Telemechanics,
U.S.S.R. Academy of Sciences, Moscow.
Translated from the Russian by L. Herdan.

Compiled from the writings of many authors, this book is divided
into four main sections :—

General and theoretical problems of automation and
mechanisation of instrument production; Mechanisation and
automation of component production; Mechanisation and
automation of assembly processes; Mechanisation and
automation of control processes.

It will have wide appeal to engineers and research workers.

704 pages. £10 10s./$33.00.

BASIC THEORY OF WAVEGUIDE
JUNCTIONS AND INTRODUCTORY
MICROWAVE NETWORK ANALYSIS

D. M. Kerns and R. W, Beatty, U.S. Department of Commerce, |
National Bureau of Standards, Boulder, Colorado.

This monograph is divided into two main parts; a rigorous
introduction to the matrix descriptions of waveguide junctions,
and an introductory presentation of microwave network analysis.
With particular emphasis on concepts and technique needed in
precise measurements, the book is designed principally for
graduate courses but will also prove extremely useful as a
reference work.

160 pages. 35s./$5.50.

PERGAMON PRESS LTD.
HEADINGTON HILL HALL, OXFORD |
4401 21st Street, Long Island City, New York 11101.

e — —————————————————————— ——}
For further information circle No. 255
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EPSYLON TRANSISTORISED CLOSED CIRCUIT TELEVISION

Vital tool for

Transistorised industrial closed circuit television has
proved a valuable and reliable link in the chain of production,
especially where hazardous operations have to be observed
and controlled remotely.

An Epsylon system will meet all your requirements efficiently
and economically. It will comprise a camera, camera
control unit, and one or more monitors, and can be left
unattended to work 24 hours a day.

Epsylon transistorised closed circuit television equipment

offers:

HIGH DEFINITION AND CLARITY

STABILITY OF PICTURE

CAMERA TRANSISTORISED FOR RELIABILITY
COMPACT, PORTABLE DESIGN

RUGGED CONSTRUCTION

LOW POWER CONSUMPTION

000000

Users of EPSYLON systems include:

Rolls Royce Ltd.—Colvilles Ltd.—Ministry of Defence—Ministry of
Aviation—National Coal Board—M.O.A., Woomera—N.W. Gas
Board—G.P.0.—B.E.A. and B.O.A.C.—H.M. Dockyards.

EPSYLON

INDUSTRIES LIMITED

Faggs Road, Feltham, Middlesex, England
Telephone: FELtham 5091/5

A member of the
Stone-Platt Group

For further information circle No. 256
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SWESTINGHOUSES
1o Amgerp Diffused Silicon Djode
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To supplement the established range of power semiconductors, Westinghouse !
are producing the M.1. series of diffused diodes to provide d.c. forward currents
up to 1.5A with reverse voltage ratings of 50 to 1000 voilts.

The M.1. diodes are encapsulated in a rugged epoxy resin case, providing high
insulation resistance and full protection from moisture and humidity. The com-
bination of high operating and surge currents with minimum size results in a
diode that provides greater flexibility for designers. The M.1. diodes conform to
VASCA SO-78 and JEDEC DO-27 outlines.

Westinghouse quality diodes and thyristors are manufactured in our
Chippenham factory.

For further information write to: Dept. |.E. 3/67
SEMICONDUCTOR DIVISION

NP4 \yhenit'sa question of semiconductors  \WESTINGHOUSE BRAKE AND
P N
I SUYWESTINGHOUSES SIGNAL COMPANY LIMITED

g . 82 YORK WAY, KING'S CROSS
BRITISH ’
PRODUCTS Is the power behind them! LONDON N.1.,
TERminus 6432, Telex 261629

For further information circle No. 246
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FULLY DISPLAYED:
page).
SEMI-DISPLAYED :
page).
RUN-ON :

SERIES DISCOUNTS:

LONDON BOROUGH OF BARNET

HENDON COLLEGE OF TECHNOLOGY

DEPARTMENT OF ELECTRICAL
ENGINEERING

SENIOR LECTURER IN
AUTOMATIC CONTROL

PPLICATIONS are invited from well-

qualified Electrical Engineers with

teaching, industrial or research experience
in the above field.

Salary Scale: £2,140-—£2,380 per annum
plus London Allowance of £70 per annum.

Further details and application forms
are obtainable from the Registrar, Hendon
College of Technology, The Burroughs,
Hendon, London, N.W.4. Completed
forms should be returned within 14 days
of the appearance of this advertisement.

N. F. H. BUTCHER
Chief Education Officer
1682

£4 10s per inch (two-column
£3 per inch (three-column

5/6 per line of approximately 7 words.
Wherean advertisement includes a Box Number Is. extra.
12 insertions, 159;,.
Remittances payable to ** Industrial Electronics ’.

CALIFORNIA
based manufacturer of copper clad

epoxy laminates wants

General
Manager

to operate new laminating plant
in
EUROPE.
Must have complete knowledge

and experience in this business.

In reply state background and
income requirements.

Box IE 684
Industrial Electronics

CLASSIFIED ADVERTISEMENTS

45

Copy is required by llth of the month for
insertion in the following month’s issue, by 6th
of the month if proofs are required.
Address to :
Classified Advertisement Dept.
Industrial Electronics
Dorset House, Stamford St., London, S.E.1.

SALES ENGINEER

for Balancing Machines and allied equipment

Apply to:

R. H. COLE ELECTRONICS LIMITED
7-15 Lansdowne Road

Croydon, CR9 2 HB.
[688

AN

INSTRUMENT
TECHNICIAN

is required by

The East Surrey Water Company to
maintain a variety of electrical, electronic
and mechanical instruments used for
remote indication and control systems,
metering, chemical dose control and other
purposes.

Applicants should be practical men, in
good health and holders of a current
driving licence. The position is based on
the Company's Works at Redhill, Surrey.

Apply in writing, giving particulars of
training and experience, to:

THE CHIEF ENGINEER,
The East Surrey Water Company,
London Road, Redhill, Surrey.

[685
CAPACITY AVAILABLE

INSTRUMENT PRODUCTION

EW FACTORY now producing
our own range of instruments
has proportion of resources per-
manently available for contract work.

Production Engineering Facilities
Electronics Wiring and Assembly
Electro Mechanical Production

Tooling. Plastics Moulding

We are interested in undertaking
complete projects requiring high

standards of inspection and super-
vision and reliable deliveries.

QUICKFIT & QUARTZ LTD.

Stone, Staffs.
1689

Service
Engineer

required to service airborne elec-
tronic equipment overseas, apply:

THE DECCA NAVIGATOR CO. LTD.
SPUR ROAD,
FELTHAM,
MIDDLESEX.

Telephone No. FELtham 4898
1690

BUSINESS OPPORTUNITIES

CHEMICAL MILLING
Large or small sizes or quantities,
practically all metal.

T. G. MARTIN & (O. LTD.

Gilmar Works, HYDE, Ches. Tel. 2123
1687

Assembly and Wiring of Electronic,
Electro/Mechanical equipment.
Competent team with supervision and
Inspection facilities available now to
meet your immediate requirements.

PERSHORE MOULDINGS LTD.
Trading Estate, Pershore, Worcs. [686

LOOKING FOR PROFITABLE NEW LINES?

OPPORTUNITIES — ONTARIO STYLE

Manufacturers from Ontario, Canada,
wish to contact successful established
sales organisation covering the U.K.
Please send full particulars of your
Company and product interest to:
Government of Ontario
Trado and Industry Bronch
Ontario Housec, 13 Charles Il Street
London, S.W.1 [683

LET US SETTLE
YOUR STAFF PROBLEMS
PLACE AN ADVERTISEMENT
IN THE
APRIL ISSUE
OF
INDUSTRIAL ELECTRONICS
NOW
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COURTAULDS ENGINEERING LIMITED

Commissioning
Engineers

COURTAULDS ENGINEERING LIMITED require SITE COMMISSIONING ENGINEERS for work on
digital process control equipment, mainly connected with the textile industry.

A formal qualification in electronics is desirable, but consideration will be given to unqualified
applicants with the appropriate practical experience. Applicants must be car owners and possess a
current British driving licence.

These appointments will involve a considerable amount of travelling in the U.K. and only those
prepared to be away from home during the week and occasionally at weekends should apply. Attractive
salaries will be offered to the successful applicants, who will enjoy the excellent Conditions of Service
operating within the Courtaulds Group. All reasonable living and other necessary expenses are paid by
the Company when working on site and generous mileage allowances are paid to car owners.

Candidates should write for a detailed form of application to the Director of Personnel,
COURTAULDS LIMITED, P.O. Box No. IAL, 9 Henrietta Place, London W.l, quoting
reference number B.20.

L COURTAULDS GROUP

000000000 0000000000000 00 000000 V00000000

ELECTRONICS
PRINTED CIRCUITS

An extremely comprehensive service is available to industry which is
unique in its scope and unprecedented in its quality of workmanship
and speed of service while at the same time giving that all important
indli(vidual attention and very competitive price terms that every buyer
seeks.

The service consists of inclusive facilities for the design, development,
and large scale production of all types of electronic equipment, instru-
ments, etc., together with all processes involved in the design, develop-
ment and production of printed circuit boards,

The unique location of T.E.S. Ltd., allows this first class service, which
is to be found nowhere else, to be brought to your doorstep by an
almost daily transportation service to 100 miles all for the price of a
telephone call. Shanklin 3096.

Special attention will be given to very welcomed enquiries from
customers outside the U.K.

TRANSMETRIX ELECTRONIC SYSTEMS LTD.
Hyde Works, Shanklin, Isle of Wight, Hants

00000600060 0000000000 0OOOOCPO0 GOOOCIOO
For further information circle No. 257 For further information circle No. 258
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VITALITY

Miniature and Sub-Miniature
R Indicator Bulbs in sizes from 4.5mm

VITALITY BULBS LTD
MINIATURE LAMP SPECIALISTS

[o&acacggogdogogodogodoofoRofodofododoodoto Rl
[oZofodogododogodogogodogodoRoRoRodododogoRotodoR o2

PARIS mesucora [V

14-21 international exhibition and congress
APRIL 67 _
measurement e testing e control e automation

61°* physics exhibition

PALAIS DE LA DEFENSE

INFORMATION : CFE EXPOSITIONS - INFORMATION : 40, RUE DU COLISEE 75 - PARIS 8

For further information circle No. 259
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These applications for rare earths are forcing
a 100% increase in our plant capacity

Nuclear—Yttrium, a low neutron absorber,
is used in fuel rod cladding. Samarium,
gadolinium, europium, dysprosium, erbium,
terbium and lutetium are high neutron
absorbers, promising use for shielding pur-
poses. The isatopes of thulium are being
evaluated as a thermal heal source.

Phosphors — Yttrium and europium are
widely used as phasphors in color TV tubes.
Neodymiurn, samarium, thulium, terbium,
gadolinium, lanthanum and dysprosium are
being evaluated as patential phosphors.

Metallurgy—Rare earth metals, particu-
larly yttrium, may find application as a new
permanent magnel material. Yttrium in
kigh cnramium steel improves grain re‘ine-
ment, workability, oxidation, and crystal-
lization resistance at high temperatures.
Neodymium improves the strength and
hardness of titaniur, atuminum, and
magnesium alloys. Erbium metal lowers
tardress, improving workability of
vanadiun alloys.

Electronics—Yttrium and gadolinium cen-

taining garnets are finding widespread
use in microwave components,

Lasers—Yttrium crysta’s doped with neo-
dymium and/or ytterbium are being used
in laser systems. Gadalinium crystals doped
with neodymium lase in theinfra-red region.
Ceramics — The high meting point,
stability, shock resistance, and low expan-
sion of rare earth oxides indicate uses in
ceramic and glass formulas, to serve as
colorants, infra-red abserbers, neutron ab-
sorbers, and high-temperature stabilizers.

These are some of the current applications. Others we cannal discuss.
If you have either a research ar commercial requirement, let us know how we can help you.

RE-6613

™

MICHIGAN CHEMICAL CORPORATION
2 North Riverside Plaza « Chicago, 1. 60606 U.S.A. « Phone: 312-263-0580
Eastern Sales Office: 930 Stuyvesant Ave. « Union, New Jersey 07106 U.S.A. « Phone : 201-964-1262

(C) 1966, Michigan Chemical Corporation

Yitrium o Lutetium e Yiterbium e Thulium e Erbium e Holmium e Dysarosium e Terbium e Gadolinium e Eu‘opium e Samarium e Neodymium e Praieodymium e Lanthanum

For further information circle No. 260



WHAT'S ON
NDRWHERE

Meetings

The Institution of Electronic and Radio Engineers

8-9 Bedford Square, London, W.C.l. (Phone: Museum
1901-3).

2nd March, 7.15 p.m. Lecture on ‘Solid-State Devices’, to
be given at Birmingham University.

8th March, 6 p.m. lecture on ‘Time-Sharing Computer
Systems’, to be given at the Institute of Mining and
Mechanical Engineers, Newcastle.

9th March, 7.30 p.m. Lecture on ‘Made-to-Measure
Integrated Circuits’. to be given at Farnborough Technical
College.

14th March, 7 p.m. Lecture on ‘Advances in Laser Tech-
nology’, to be given at the Cornwall Technical College,
Cambourne.

21st March, 6.30 p.m. Lecture on “Electronic Equipment
Design’, to be given at the University of Southampton.

21st March, 7.30 p.m. Joint meeting with the British
Computer Society on ‘An Introduction to Microcircuitry’,
to be given at Bristol University.

The Institution of Electrical Engineers

Savoy Piace, London, W.C.2.
1871).

(Phone: Covent Garden
All meetings are held at Savoy Place and begin at 5.30 p.m.
(tea at 5 p.m.) unless otherwise stated.

27th February. Lecture on ‘Storage Systems for Telephone
Switching’.

2nd March. Joint discussion meeting with the I.Mech.E. on
‘Control-—-A Unifying Force in Engineering Education”,

6th March. Lectures on the ‘U.H.F. Tunnel-Diode Ampli-
fier’ and ‘Short-Hop Radio-Relay Systems using Tunnel-
Diode Repeaters’.

7th March. Lecture on the ‘Overall Station Contro! at
Hunterston®.

10th March. Lecture on ‘Broadband Transmission by Radio
and Cable’.

10th March. Discussion meeting on 'The Future Education
of Electronic Engineers’.

Industrial Electronics March 1967

14th March. Discussion meeting on ‘High-Power Thyristor
Invertors for Standby A.C. Power Supplies’.

15th March, 6 p.m. Lecture on ‘Ergonomics in Electronic
Equipment and Systems Design’.

16th March, 2.30 p.m. Joint discussion meeting with the
LE.R.E. on *Automatic Processing in Nucleonic Isotope
Studies’.

21st March, 6 p.m. Discussion meeting on "Rapid Fault
Diagnosis of the Future”.

22nd March. lLecture on ‘The Theory of Oscillators’.

Society of Electronic and Radio Technicians

33 Bedford Street, London, W.C.2. (Phone: Covent Garden
1152).

Ist March, 7.15 p.m. Lecture on ‘Computer Storage
Systems’, to be given at the Charles Trevelyan Technical
College. Newcastle-upon-Tyne.

16th March, 7.30 p.m. Lecture on ‘Lasers and their
Applications’, to be given at the Southampton College of
Technology.

23rd March, 7.30 p.m. Lecture on ‘Electronics in Photo-
graphy’, to be given at the Llandaff Technical College.
Cardiff.

The Institution of Electrical and Electronics Technician
Engineers

26 Bloomsbury Square, London, W.C.1. (Phone: Langham
5927).

Ist March, 7.30 p.m. Lecture on ‘Thyristor Convertors’, to
be given at the University of Durham.

9th March, 7.30 p.m. Lecture on ‘The Future of Elec-
tricity Supply’, to be given at the Carlton Hotel, Bourne-
mouth.

13th March. Lecture on ‘Recent Development in Education
and Training Aids’. to be given in the L.E.E. lecture room.

14th March, 8 p.m. Lecture on ‘The Future of Aluminium
in the Electrical and Radio Industries’, to be given at the
Guildhall, Plymouth.

Society of Instrument Technology
20 Peel Street, London, W.8. (Phone: Park 3755).

28th February, 6 p.m. Lecture on the ‘Control of Distil-
lation Columns’, to be given at Manson House, Portland
Place, London, W.I.

8th March, 6 p.m. Lecture on ‘Computer Control of
Chemical Processes’, to be given at Manson House, Port-
land Place, I.ondon, W.I.

8th March, 7 p.m. Lecture on ‘Digital Control Systems
Applied to In-Line Blending’, to be given at the Birming-
ham Chamber of Commerce.

15th March, 7.15 p.m. Lecture on ‘Closed-Circuit Tele-
vision’, to be given at the Claremont Hotel, Blackpool.



WHAT'S ON AND WHERE

CONTINUED

16th March, 6.45 p.m. Lecture entitled *Can We Improve
on Three-Term Control?". to be given at the Manchester
I.iterary and Philosophy Society, 36 George Street, Man-
chester I.

30th March, 7.30 p.m. lLecture on ‘lasers’, to be given at
Stanley Palace, Watergate Street, Chester.

Exhibitions
7th—9th March, Melton Mowbray
Exhibition of ‘Inspection and Testing Equipment

organized by the Production Engineering Research Asso-
ciation, Melton Mowbray. I eicestershire.

13th—17th March, London
The LABEX international
apparatus and materials.
Brooks Associates, 65 Victoria Street,
(Phone: Abbey 6905).

exhibition of laboratory
Further information from Peter
London, S.W.I.

13th--17th March, London

International Medical Engineering and Automation Exhibi-
tion, to be held at Earls Court and sponsored by the Elec-
tronic Engineering Association and the Scientific Instrument
Manufacturers’ Association. Further details from Indus-
trial Exhibitions Ltd., 9 Argyll Street, London, W.I.
(Phone: Gerrard 1622).

15th—17th March, Middlesbrough

Exhibition of Industrial Instrumentation and Control
Equipment, to be held in the Middlesbrough Town Hall.
Organized by Planned Exhibitions 1.td., 10 Carver Street,
Sheffield 1.

Sth—10th April, Paris

International Exhibition of Electronic Components, to be
held at the Porte de Versailles. Details from S.D.S.A.
Relations Exterieures, 16 rue de Presles, 75 Paris 15¢.

11th—14th April, Manchester

Industrial Training Exhibition and Symposium, to be held
at the Manchester College of Science and Technology.
Organized by John Clarke Ltd., 11-13 Bridge Street West,
Manchester 3.

14th-21st April, Paris

The Third ‘Mesucora’ Exhibition and Congress on Measure-
ment, Testing, Control and Automation. To be held in
the Palais de la Défense, and organized by Mesucora, 23
rue de Lubeck, 75 Paris 16°.

17th-20th April, London
The Physics Exhibition, organized by the Institute of
Physics and The Physical Society. (Phone: Belgravia 6111).

29th April-7th May, Hanover

The 21st International Hanover Fair of industrial products.
Further details from Schenkers Ltd., 13 Finsbury Square,
London, E.C.2. (Phone: Metropolitan 9711).

Conferences, Symposia and Colloquia

Ist March, 9.30 a.m. Colloquium on ‘Colour Cameras’, to
be held at the LE.E. Organized jointly by the LE.E., the
I.LE.R.E., the LE.E.E. and the Royal Television Society.

2nd March. Symposium on ‘Computers in the Textile
Industry’. To be held in Manchester and organized by the
Textile Institute, 10 Blackfriars Street, Manchester 3.

6th March, 10 a.m. Conference on *Making the Bosworth
Report Work’, to be held at the LE.E. Organized jointly
by the Ministry of Technology, the Council of Engineering
Institutions and the L.E.E.

13th-15th March. Seminar on ‘Non-Destructive Testing’.
to be held in Bescia, Italy. Further details from the
organizers, P. Le R. Morandi 2, Milan, ltaly.

13th-17th March. Conference on ‘Air Traflic Control
Systems Engineering and Design’, to be held in London
and organized by the ILE.E. (Phone: Covent Garden 1871).

14th-17th March. Second European Symposium on
Medical Electronics, to be held at Earls Court during the
Medea 67 Exhibition. Sponsored by World Medical Elec-
tronics, 4 Mill Street, London, W.1.

16th March, 9.30 a.m. Symposium on the ‘Presentation of
Data’, to be held at the Town Hall, Middlesbrough.
Organized by the Society of Instrument Technology, 20
Peel Street, London, W.8. (Phone: Park 3755).

20th March, 2.30 p.m. Colloquium on ‘Automation in
Cartography’, to be held at the I.E.E., Savoy Place. L.ondon.
W.C.2. Organized jointly by the Royal Society, the L.E.E.
and the LLE.R.E.

30th-31st March. Conference on the ‘Transport Properties
of Superconductors’, to be held at the University of Kent.
Canterbury. Organized by The Institute of Physics and
The Physical Society. 47 Belgrave Square. London, S.W.1.
(Phone: Belgravia 6111).

3rd-5th April. Conference on the ‘Resistive and Dielectric
Properties of Thin Films, to be held in Nottingham.
Organized by The Institute of Physics and The Physical
Society, 47 Belgrave Square, London, S.W.l. (Phone:
Belgravia 6111).

3rd-7th April. International Conference on ‘Education for
Scientific Information Work’, to be held in London. Further
details from ASLIB, 3 Belgrave Square, L.ondon, S.W.1.

Sth April. Conference on ‘Quality and Reliability and the
Technician Engineer.  Organized by the LE.E.T.E.
(Phone: Langham 5927) and to be held at Queen Mary
College, University of London, E.1.

Courses

Fluidics

A three-day course on fluidics is to be held at the University
of Birmingham from 3rd-Sth April. It is intended to
provide an introduction to the theoretical and practical
aspects of both fluidic components and circuits that are
suitable for low-cost automation. Further information may
be obtained from the Organizing Secretary, Fluidics Course.
Department of Mechanical Engineering, The University,
Edgbaston, Birmingham 15.
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ESTA

COUNTERS

DIGITAL DISPLAY
INTEGRATED CIRCUITS

MAXIMUM COUNTING RATE
100 kc/s

ALL INDUSTRIAL APPLICATIONS

BATCHING

COUNTING

TIME DISPLAY
INTERVAL TIME
DIGITAL CLOCK

BI-DIRECTIONAL COUNTING
DIGITAL TACHOMETER
DIGITAL POSITION DISPLAY

WATESTA

B.C.D. OUTPUT 8421 CODE
SCR OUTPUT
PRE-AMPLIFIERS
PRINT-OUT
UNIVERSAL INPUTS

TECHNICAL BROCHURE ON REQUEST

INDUSTRIONICS CONTROLS

(ROMFORD) LIMITED
34 CAMBRIDGE PARK
WANSTEAD
LONDON, E.ll
TELEPHONE : WANSTEAD 4836

Buyers’ Guide nol

MARCH 1967
Contents
3 Introduction to batch counters and appli-
cations.

5 Batch counters at-a-glance.
Brief specifications of current
counters presented in tabular form.

batch

1 Detailed descriptions of current batch

counters together with the names,
addresses and telephone numbers of the
manufacturers.

Reader Enquiry Service

To obtain further details of any of the
counters, please complete one of the cards
in this supplement by circling the appro-
priate reference number(s).

Future Industrial
Electronics Supplements

No. 2—JUNE—Component Show Preview
and Guide.

No. 3—SEPTEMBER—Modular Electrical
Power Supplies.

No. -—DECEMBER—Closed-Circuit Tele-
vision.

For further information circle No. 401
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glectronic hatch counters

matically count objects passing a detection device.

They indicate or initiate control of external machinery
when the number of objects counted reaches a preselected
number. They are used on conveyor belts and with several
other types of automatic machinery to sort objects into
batches at speeds and with accuracies unobtainable with
manual methods.

In operation, as each object passes the detector, an elec-
trical impulse is sent to the counter to advance the count
registered in the instrument by one. The required number
for each batch is set by an operator using numbered rotary
switches or push-buttons situated on the front panel of the
unit. While some counters display the set number on a
numerical readout and count until this display reads zero
(backward-counting units), most are forward counting ;
i.e., they count from zero until the counted number cor-
responds to the set number. A few of the counters avail-
able only indicate the count as it proceeds and an operator
is required to initiate the required control action when the
counter indicates that the set number has been reached.
Some of these counters need to be reset manually before
recommencing the count but others reset automatically.

BATC.H counters are basically units which auto-

Counters with Control Facilities

Most of the batch counters produced incorporate some
means of controlling external machinery at the end of each

Fig. 1. The ‘kicker’ shown in the
centre of this picture of part of a
‘Hunter' cardboard carton folding
and glueing machine produced by
the SOAG Machinery Co. is
controlled by a batch counter to
deflect one carton at the end of
each batch. The counter also
records the total number of
batches counted (420)

batch count. This facility enables batches to be auto-
matically separated and allows other functions to be per-
formed which may be impossible to perform manually.
Frequently built-in relays are used for this, the contacts
opening or closing at the end of the batch count. Other
units produce a voltage output for energizing an external
relay or other equipment and a few combine both a built-in
relay with the provision of an output voltage. An added
feature on many counters is the operation of a relay or the
production of an output at a set number before the end of
the batch. This is referred to as pre-batch control, pre-
batch contact-closure etc., and compensates for time lags
between the instant at which the last object of a batch
passes the detector and the instant at which the controlling
mechanism operates. Some sophisticated equipments can
be set to produce outputs at more than one setting in addi-
tion to the output produced at the end of the count.

Most of these controlling batch counters incorporate a
display of the count as well as producing an output. Some
less complex units produce the control output alone with-
out providing a visual indication of the count.

Sometimes incorporated is a unit known as a totalizer.
This is used either to register the total number of objects
counted or to register the total number of batches counted.

One of the main types of indicator used for the display
of the count is the neon digit tube which contains
illuminated numerals. Another common type is the

K*
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Fig. 2. This shows part of the equipment produced by Elliott
Brothers (London) Ltd. and used in an automated bakery. In this
type of application, batches of materials are weighed and the
number of batches recorded on a counter (421)

Dekatron tube. This is a neon tube which indicates
numbers by using a spot of light which moves round the
numbered periphery of the tube. Electromagnetic counters
are also used and are nearly always employed for the
totalizers.

Detectors

Various types of detectors can be used with ‘batch
counters. Mechanical swiiches are among these and
would be situated on a machine so that a lever or a button
is actuated by the objects as they move by or over it and
open or close switch contacts. Capacitive and inductive

proximity detectors are another type. These are connected
into an electronic circuit so that a current or voltage change
occurs when an object of suitable material passes near the
detector head. This causes an output to be produced by
the circuit which can operate a counter. Photoelectric
detectors which depend for their operation on a light beam
being broken or deflected by passing objects are also used.
A similar type is the ultrasonic detector which utilizes high-
frequency sound waves instead of a light beam.

Applications

A typical application is illustrated in Fig. 1. This shows
part of a folding and glueing machine produced by the
SOAG Machinery Co. and used in the manufacture of
cardboard cartons. A batch counter, which can be set
for batches of 25, 50 or 100 cartons, counts each carton as
it passes a photoelectric detector. On completion of each
count, the counter produces an output to operate the
‘kicker’ shown in the centre of the picture. The kicker
deflects one carton to indicate to an operator the end of
each batch.

Another application is the blending of foodstuffs and
similar materials. The required amount of each material
can be set on counters which will automatically ensure that
the correct quantities are fed into a mixer. A similar
application in a bakery is shown in Fig. 2.

Batch counters are also used to control the numbers of
products being dispensed into containers. With the use
of vibratory feeders, small objects, such as nails and screws
which may be difficult to handle, can be quickly and
accurately fed into packets and boxes in the correct
amounts. Decca Radar produce a photoelectric counting
system, the ‘Mastercount’, which is a special photoelectric
detector combined with a batch counter for counting small
cbjects (see Fig. 3).

Several other applications exist. Some manufacturers
produce equipment for particular uses only but the opera-
tion of most counters renders them suitable for any situa-
tion where objects are required to be counted and sorted
into groups.

The following survey gives details of many of the stan-
dard batch counters available on the U.K. market.

Fig. 3. Here the Decca '‘Master-
count’ system can be seen being
used to count small nails as they
are fed into containers and to
control the number which goes
into each (422)
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batch counters at-a-glance

This table of brief specifications is followed by more detailed accounts of each item

Ltd.

optional

Model or Number Reply
Manufacturer or Type of Counting Speed or Card
Distributor Number Decades input Frequency Output Features Number
Advance Controls Ltd. Type 3 3,40r5 5 kc/s for sinewave or Relays Count display. Pre-batch 423
pulse inputs. 50 c/s on some models
for reed switches
Type 4 2, 3, 4 or 5 100 kc/s for sinewave Voltage Count display. More than 424
with display. or pulse inputs. 50 ¢/s output. one pre-batch setting
Up to 10 with- for reed switches Relays possible
out display available
Airmec Ltd. Type N256 Upto5 3,500 per sec Relay Countdisplay. Pre-batch 425
output
Bendix Electronics Ltd. Series 392 2,3and 4 350 counts per sec Relay Count display. Pre-batch 426
output optional extra
Type 487 4 30,000 counts per sec Relay Count display optional. 427
Batch totalizer available
Darang Electronics Ltd. ‘Digicron’ 2,3,4and5 1,500 counts per sec Relay Count display. Pre-batch 428
range output. Batch totalizer
optional extra
D.E.B. Electronics Ltd. Modular As specified 50 kc/s 12-V pulse Count display. Pre-batch 429
batch by customer output
counter
Electrical Apparatus Co. Industrial Up to 4 1,000 counts per sec Count display 430
Ltd. counters
Electronic Controls Co. Type HSBC 2 1,000 counts per sec Relay Count display. Batch 431
totalizer and count-rate
meter included
TBC range 6 20 counts per sec Relay Count display. Pre-batch 432
on some models
Elesta Electronics rep- Type CP 4 100,000 counts per sec Voltage Count display 433
resented by Britec Ltd. CPT 1C 4or5 100,000 counts per sec Voltage Count display. Pre-batch 434
CPT 2C on CPT 2C
Flight Refuelling Ltd. RSC 50 5 500 counts per sec Voltage Count display. Pre-batch 435
output
Gelma represented by Type 600 2,30r4 3,000 per sec Relays Count display optional. 436
Inglis Knibb & Co. Up to 5 settings tor pre-
batch and end of batch
outputs
J. Hengstler Company 1000 series 3,4,50r6 100,000 counts per sec Relay,reed Count display. Batch 437
Great Britain Ltd. standard, 1,000,000 relay or totalizer available
counts per sec avail- voltage
able
Hewlett-Packard Ltd. Model 5214L 5 2 c/s to 300 kc/s Voltage Count display 438
Hird-Brown Ltd. PD1, PD2, 6 1,500 counts per min Relays Count display. Totalizer 439
PD3and PD4 for PD4. 240 per min for included for total number
others of items
Industrionics Controls ‘Watesta' 4 100,000 per sec Voltage 440
Type 201
‘Watesta' 4o0r5 100,000 per sec Voltage Count display. Pre-batch 441
Type 701 output
Jiskoot Autocontrols Type HS 4,50r6 100,000 counts per sec Relay Count display. Pre-batch 442
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Your questions answered

WEIGHT?

Hydrostatic
Weighing Unit

This unit has been developed to cover
a wide field of industrial weighing
applications.

The basic unit consists of a
completely sealed hydrostatic load cell
econnected to a Bourdon tube load
indicating gauge by means of a flexible
metallic capillary. Loads of 100 Ibs. to
100 tons may be displayed on gauges
tanging in size from 4 to 24" diameter.
The gauge may be located up to a
maximum distance of 200 ft. away from
the load cell. Accuracy is better than
+ 0.5% of scale capacity.

ANGLE?

TOTAL?

e

Minitac Optical
Shaft Encoder

The Minitac incremental encoder
provides the means of determining

precisely the angular position of a shaft,

its angular velocity and acceleration.

The output from the encoder is
sinusoidal corresponding to discrete
angular increments of shaft position.
Direction of rotation is also sensed
enabling the encoder to be used in
digital control systems. Various
resolutions are available to suit specific
applications.

Bi-directional
Electronic Counter

Designed principally for use with shaft
encoders this counter is equally
applicable to any linear device giving a
serial output. A bank of numerical
display tubes are arranged to provide any
number of decades. The instrument
counts up to any pre-arranged maximum
after which the next positive pulse

resets the display to zero. A similar
sequence follows when negative pulses
are applied. A zero setting button
enables the counter to operate with the
encoder in any selected position.

Any of these individual units may be
incorporated in the users system or
combined to form the basis of a digital
control system in a wide field of
applications.

Dont hesitate to send for the technical
data sheets, or ask us about your
particular needs—that’s what we are
here for.

S. G. Brown lelted Chiswick Division : Devonshire Works, Dukes Avenue, Chiswick, London, W.4. Tel : CHI 7494.

A HAWKER SIDDELEY COMPANY

For further information circle No. 402
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Model or Number Reply
Manufacturer or Type of Counting Speed or Card
Distributor Number Decades Input Frequency Output Features Number
Kappa Electronics Ltd. Model FJ15 1,500 per min. Relay Count display 443
Model FJ35 500 per sec Relay Set for batches of 25, 50, 444
75 or 100, or any four
numbers between 1 and
160
Londex Ltd. Type EBC 2,000 per sec Relay Count display. Can be 445
supplied with photoelec-
tric detector
Parkinson Cowan Preset batch 20 per sec Relay Count display. Totalizer 446
Measurement controller for total number of items
Variable 40 per sec Relay Count display. Pre-batch 447
batch con- output. Totalizer for total
troller number of items
Photain Controls Ltd. ‘Binadic’ 2,30r4 3,000 per sec. Higher Voltage or Count display optional. 448
range speeds available relay Pre-batch available.
Batch totalizer available
Type BCM 1,500 per min. Voltage Count display. Available 449
with photoelectric detec-
tors
Research Electronics Model! 6202B 2,000 per sec, 5,000 per Relay Count display 450
(Sales) Ltd. sec available
Smiths Industries Ltd. Digital batch 10 ke/s Relay Countdisplay. Pre-batch. 451
counters Batch totalizer available
Thorn Electronics rep- Type CB23 Sinewave 25 c/s to 10 Relay 452
resented by M.L. iIn- kc/s. Positive pulses
dustrial Products Ltd. up to 5 kc/s. Negative
pulses up to 10 kc/s.
Switch contacts 10
counts per sec
Veeder-Root Ltd. ‘Digimaster’ Up to 6 50,000 counts per sec  Relay Count display on most 453
range models. Pre-batch on
some models. Totalizers
available
Venner Electronics Ltd. Type TSA 10 c/s to 2 Mc/s Count display 454

For further information on specific counters circle the appropriate Service Card number

The Advance Controls type 3
batch counter can be used with
sinewave or pulse inputs at fre-
quencies up to 5 kc/s as well as with
reed switches operating at up to
50 c/s. Three, four and five-decade
versions are available and models
which count forwards up to a set
number or backwards from a set
number down to zero can be ob-
tained. Outputs are provided by
internal relays and the backward-
counting types include pre-batch
output relays. Each type incorporates
a display of the count.—Advance
Controls Ltd., Cirencester Road, Charl-
ton Kings, Cheltenham, Gloucester
(Phone : Cheltenham 23591).

For further information circle No. 423

Advance Controls’ type 4 batch
counter can be supplied with up to
five decades with a display of the
count or up to 10 decades without a

display. A 10-V output pulse is
produced at the end of each batch
and separate output relay units are
available. Versions are produced
for counting up to a set number or
counting down from a set number to

zero. Sinewave inputs can be
used as well as pulsed inputs at up
to 100 kc/s. Reed-switch contacts
operating at up to 50 c/s can also be
used to produce an input. The unit
can be supplied with more than one

The Advance Controls type 3
counter, this being a four-decade
backward counting version with
a pre-batch setting
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The Bendix batch counter type 487

Darang Electronics’
electronic batch
counter type 667A

One of the Electrical Apparatus
Company's industrial batch
counters

& :

; :

e 000 0
°f". e & & @
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The D.E.B. Electronics' batch counter

number setting to provide outputs
during a count.—Advance Controls
Ltd., Cirencester Road, Charlton Kings,
Cheltenham, Gloucester (Phone : Chel-
tenham 23591).

For further information arcle No. 424

The industrial counter (type N256)
from Airmec is suitable for count-
ing and batching processes, and
provides facilities for operating
associated equipment; its maximum
counting rate is 3,500 per sec, reset-
ting being automatic at the end of
each batch. Counting is performed
by ‘Dekatron’ tubes, and their input
may be derived from non-contacting
switches, photocells or magnetic
probes. Of modular construction,
the instrument is made up of five
types of plug-in unit: a divider unit
(for straightforward counting), a
batching divider (for batch counting)
and three special-facility units. Up
to six divider units may be used (to
indicate counts up to 999,999), or up

to five batching dividers (to give a
maximum batch count of 99,999);
when batching, an output contact-
closure may be obtained at any
preselected number before the
end of the batch. Available from
Airmec Ltd., Industrial Control Divi-
sion, High Wycombe, Bucks. (Phone:
High Wycombe 21201).

For further information arcle No. 425

The Bendix series 392 range of
counters includes three units which
offer maximum counts of 99, 999 and
9,999 respectively. Designed for use
with photocells or switch contacts,
the maximum input rate is 350 pulses
per sec. Rotary switches are used
to set the batch number and both a
digital readout and an output contact
closure are provided. Automatic
resetting and repetition of the batch
count is featured and pre-batch
contact closure is available as an
optional extra. Spurious counts,
which may occur when counting

irregularly-shaped objects, are eli-
minated by suppression of the input
for a fixed period after the reception
of each input pulse.—Bendix Elec-
tronics Ltd., High Church Street, New
Basford, Nottingham (Phone : Notting-
ham 75115).

For further information circle No. 426

The Bendix batch counter type
487 has a maximum batch count of
9,999, the number required for each
batch being set on four rotary
switches. At the end of each batch
one normally-open and one normally-
closed set of contacts is operated
and on the standard instrument a
display of the count is not included.
A meter recording the number of
batches counted can be fitted. The
maximum input rate of this unit is
30,000 counts per sec.—Bendix
Electronics Ltd., High Church Street,
New Basford, Nottingham (Phone:
Nottingham 75115).

For further information circle No. 427
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The ‘Digicron' range of batch
counters from Darang Electronics
includes two, three, four and five-
decade types, with optional varia-
tions such as an electro-mechanical
batch-total indicator. They can be
supplied either to count down or
count up at rates up to 1,500 per sec,
and there are 24 different models in
the standard range. The type 667A
is a four-decade model with batch
total indicator, with which single-
batch counting or automatic repeat
without loss of count is possible.
Main-batch selection is by 10-way
rotary switches, and an electrical
interlock prevents an incorrect count
should the selection switches be
operated while a batch is being
counted; the pre-batch relay oper-
ates at the pre-selected number of
counts before completion of the
batch, and releases on zero.—
Darang Electronics Ltd., Restmor Way,
Hackbridge Road, Hackbridge, Surrey
(Phone: Franklin 1140).

For further information circle No. 428

D.E.B. Electronics’ latest batch
counter features a modular con-

struction so that it can be supplied
with a specified number of digits and
extra digits added later if required.
Operating at input frequencies up to
50 kc/s, it produces an output pulse
of 12V at 05A. Thumb-wheel
switches are used for selection £ ine
batch number and the pre-batch
number can be set with a second
row of switches. A digital display
of the count is provided.—D.E.B.
Electronics Ltd., New Barnes Mill,
Cotton Mill Lane, St. Albans, Herts.
(Phone: St. Albans 55612[59848).

For further information circle No. 429

Batch-counter equipment from
the Electrical Apparatus Com-
pany is compatible with their ‘Soli-
con’' solid-state logic systems and
power-switching for industrial-con-
trol applications. Forward and
reverse counting is possible, with
speeds of 1,000 sequences per sec
for interference-free operation, and
a coincidence switch selector is
provided for sequence-switching
operation. Available from The
Electrical Apparatus Co. Ltd., New

Supplement 9

Barnes Avenue, Mile House Lane,
St. Albans, Herts. (Phone: St
Albans 54461).

For further information circle No. 430

The Electronic Controls Co. pro-
duce a batch counter type HSBC
which incorporates a two-digit dis-
play of the count, a totalizer recording
the total number of batches and a
count-rate meter which displays
counts per hour. This last item can
be used to provide an indication of
the running speed of the machine
with which the counter is being used.
With a maximum counting rate of
1,000 counts per sec, the unit is
intended for use with photoelectric
or switch-contact detectors. An
output relay is fitted and the closing
time of the contacts can be varied
from 0-1 sec. Available for use with
the unit are a photoelectric detector
and a ‘kicker’ for use in the batching
of cardboard cartons and similar
items.—The Electronic Controls Co.,
Electron House, Ooze Wood Road,
Royton, Oldham, Lancs. (Phone:
Main 7309).

For further information circle No. 431

® Counting speed 2400 per
min.

® Batching speed 1500 per
min.

® Complete with photocell
input

® Counting continues with-
out hindrance to products

Prices from £27-10-0

COUNTING &BATCHING

HO

@ Printed Circuit plug-in |
modules
@ Counting speed 3000

Photain Controls Ltd. can offer a variety of
Counting and Batching units and systems for
almost every type of product—give Photain your

per sec.

® With or without &
Digitron display

® Suijtable for variety of

counting, batching and associated control problems inputs Prices

today !

from

£55

PHOTAIN CONTROLS LTD E

Randalls Road, Leatherhead, Surrey.
Telephone: Leatherhead 2776 & 5517.

For further information circle No. 403
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The type HSBC batch counter
produced by the Electronic
Controls Co.

Elesta Electronics’ type CPT 1C
universal counter

X ELESTA

A unit in the Hengstler 1000 series

The Gelma controller counter type 600

Industrionics Controls’ type 701
batch counter

The Electronic Controls’ TBC
range of transistorized preset
counters are suitable for batch
counting applications where count-
ing speeds up to 20 counts per sec
are required. A wide range of photo-
electric detectors is available for use
with this unit. Six digits are provided
and the instfrument is obtainable in
various forms. Al types use a
replaceable electromagnetic counter
for display of the count. The TBC/M
is available with a set of output
changeover contacts and is manually
reset. Other versions offer automatic
resetting and batch totalizers. The
type TBC/E2 is equipped with two
counters, each of which operate
separate relays for pre-batch control

and other purposes.—The Electronic
Controls Co., Electron House, QOoze
Wood Road, Royton, Oldham, Lancs.
(Phone : Main 7309).

For further information cirde No. 432

Elesta Electronics’ four-decade
preselecting counter type CP
provides both a numerical display
of the count and output voltages for
control of relays and other devices.
Set for the required batch number
with the use of four thumb-wheel
switches, this unit can be used with
various types of input and operates
with a maximum count rate of 100,000
per sec. Automatic and manual
resetting and resetting by an exter-
nally-generated signal are all pos-

Industrial Electronics March 1967

sible. It is available in the U.K. from
Britec Ltd., 17 Charing Cross Road,
Llondon, W.C.2. (Phone: Whitehall
3070).

For further information dircle No. 433

The Elesta Electronics universal
counters types CPT 1C and
CPT 2C can be supplied with four
or five decades. Both are set by
use of thumb-wheel switches and
the 2C has an extra set of switches
for setting of the pre-batch control
function. Output voltages are pro-
duced at the end of each count and
the unit can be reset automatically,
manually or by externally-generated
pulses. A maximum count rate of
100,000 counts per sec is quoted and
various types of input devices can be
used. The U.K. distributors are
Britec Ltd., 17 Charing Cross Road,
London, W.C.2. (Phone: Whitehall
3070).

For further information circle No. 434

The RSC 50 batch counter trom
Flight Refuelling has been designed
for industrial applications, having a
count capacity of 99,999 and a maxi-
mum count rate of 500 p.p.s. Reset
to zero can be effected at any number
within the count capacity by thumb-
wheel selection switches, reset
button or external reset; a second
set of thumb-wheel switches enables
a signal output to be obtained at the
preset number. Each digit of each
decade is wired to a multi-way con-
nector on the rear of the counter
in order to obtain additional control
signals if required. Available from
Flight Refuelling Ltd., Industrial Elec-
tronics Division, Wimborne, Dorset.
(Phone: Wimborne 2121).

For further information cirde No. 435

The Gelma controller counter
type 600 can be equipped to operate
relays at up to five preset numbers.
Automatic as well as manual reset-
ting facilities are provided and the
number of repetitions of a complete
counting sequence can be set at
1 to 10, an infinity setting also being
provided. The interval between
successive repetitions can also be
adjusted. Various types of detectors
can be used and an added feature
is that the signals from the detector
are automatically checked to prevent
the counter being triggered by
spurious signals. Available with two
to four decades, the unit has a
counting rate of 3,000 per sec. It
can be obtained in the U.K. from
Inglis Knibb and Co., 17a London
Road, Bromley, Kent. (Phone: Wid-
more 5764).

For further information cirde No. 436
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The Hengstler 1000 series range of
batch counters can be supplied to
special order with a maximum count-
ing rate of 1,000,000 per sec although
the standard counting rate is 100,000.
Three-, four-, five- and six-digit
versions are available and a row of
rotary switches beneath the in-line
readout is used to set the required
batch number. Three types of input
can be used: closing contacts,
photo-diodes or similar devices
which produce a variation in resist-
ance when an object passes by, and
devices which produce a voltage
output as each object passes. Also
three types of output are available:
a changeover relay, a reed relay,
or a positive voltage pulse of 11V,
The unit is reset manually, auto-
matically or with the use of external
contacts. A special feature is a
built-in battery which ensures con-
tinual operation in the event of a
power-supply failure. Units can be
supplied with batch totalizers.—
J. Hengstler Company Great Britain
Ltd., Brooker Road, Waltham Abbey,
Essex. (Phone: Waltham Cross
26166/17/8).

For further information circle No. 437

The preset counter (model 5214L)
from Hewlett-Packard totalizes
and measures frequency, period and
such parameters as r.p.m., p.s.i. etc.
It may be used for batching by using
the preset function switch, since the
gate signal can be used to control
external equipment. Separate elec-
trical output signals (gate coincident
pulse outputs) that occur when the
gate opens and closes are available
atthe beginning and end of the count.
The gate-time can be set from
10 usec to 1 sec, in 10-usec, 100-usec
or 1-msec steps, and longer gate
times are available up to 100 sec.
Available from Hewlett-Packard Lid.,
224 Bath Road, Slough, Bucks.
(Phone: Slough 28406).

For further information circle No. 438

Hird-Brown produce photo-
electric batch-counting systems.
In these, the electronic circuitry
ensures that only one count is
registered for each interruption of
the light beam and pulse-forming
circuitry provides accurate counting
for difterent sizes of objects. Desig-
nated types PD1, PD2, PD3 and PD4,
they offer batch numbers up to

Supplement 11

999,999 and counting speeds of 240
and 1,500 per min. Qutput relays are
used. The PD3 has an additional
set of contacts which operate at
the end of the first batch, release
at the end of the second batch,
operate after the third batch and so
on. The PD4 performs a similar
function except that alternate batches
are counted on two separate
counters.—Hird-Brown Ltd., Flash
Street, Bolton, Lancashire. (Phone:
Bolton 27311).

For further information circdle No. 439

The ‘Watesta' non-indicating
batch counter (type 201) from
Industrionics Controls is an elec-
tronic pre-selecting counter that
takes full advantage of integrated
circuitry, fitting into a case 4%in.
wide. The instrument is forward
counting up to 9,999 and its pre-
selected output can drive a relay or
similar device; its standard input
(Schmitt trigger) permits the use of
photo-devices or contact operation.
The counter has a maximum count-
ing rate of 100,000 per sec, and can
be used for single or repeat mode
operation. Available from /ndustrio-

NELESTA

TRANSISTORISED HIGH SPEED

A COMPREHENSIVE RANGE OF COMPACT ELECTRONIC INSTRUMENTS
ESPECIALLY DESIGNED FOR INDUSTRIAL APPLICATIONS.

DIGITAL COUNTERS

@® BATCH COUNTING AND MULTIPLE PRESELECTING OF QUANTITIES

TIME INTERVAL AND FREQUENCY MEASUREMENT

CP BATCH COUNTER

RATE AND RATIO MEASUREMENT (rpm, ft/sec, gallons/min, etc.)

usiNG THE ELES TA RANGE
OF COMPATIBLE ACCESSORIES &
MODULES, COMPLETE DIGITAL
SYSTEMS CAN BE CONSTRUCTED

[ ]
[ ]
@® GO/NO GO PRODUCTION TESTING (OF DIGITISED QUANTITIES)
@® NUMERICAL MACHINE CONTROL

[ ]

PROCESS CONTROL AND PROGRAMMING

BRITEC LTD.

17 CHARING CROSS ROAD
LONDON, W.C.2
Telephone: WHITEHALL 3070

A& _—
CM RATE AND RATIO MEASURING COUNTER

For further information circle No. 404
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nics Controls (Romford) Lid.,, 44
Pemberton Avenue, Gidea Park,
Essex. (Phone: Romford 46191).
For further information circle No. 440

Industrionics Controls’ ‘Watesta’
backward-scaling batch counter
(type 701) may be used for such
backward-counting applications as
coil winding that require one or two
presets; the preset number appears
on the display when the reset is
activated and the countdown com-
mences. A slow-down signal can be
obtained between 0 and 99 to give a
constant output. The counter is
available with 4 or 5 decades in two
versions (to give one or two presets)
from Industrionics Controls (Romford)
Ltd., 44 Pemberton Avenue, Gidea
Park, Essex. (Phone: Romford 46191).
For further information crcle No. 441

Jiskoot Autocontrols’ type HS
batch counter/controller operates
at speeds up to 100,000 counts per
sec. It is available with a four-,
five- or six-digit display and is set
for the required batch number by
means of numbered thumb-wheels.
Manual and automatic reset facili-
ties are provided and the unit can be
used with various types of trans-
ducers. A set of output contacts is
rated for a maximum power of 50 VA
at a maximum current of 1 A, and
pre-batch contact closure is avail-
able as an optional extra.—Jiskoot
Autocontrols Ltd., 85 Goods Station
Road, Tunbridge Wells, Kent. (Phone:
Tunbridge Wells 22291/2).

For further information circle No. 442

Kappa Electronics’ model FJ15
batch counter and controller is
primarily intended for use with a
photoelectric sensor and operates
at counting rates up to 1,500 counts
per min. Any six-digit number can
be set on the unit and on completion
of the count an output relay is ener-
gized and the unit automatically
reset. A transistorized drive circuit
ensures that the plug-in electro-
magnetic counter is operated as soon
as the leading edge of each object
being counted cuts the light beam
of the detector.—Kappa Electronics
Ltd., 159 Hammersmith Road, London,
W.6. (Phone: Riverside 7117).

For further information circle No. 443

The Kappa Electronics’ model
FJ35 binary counter/controller
provides facilities for counting and
controlling batches of 25, 50, 75 and
100 objects or, to special order, any
four selected numbers between one
and 160. Various types of detectors
can be used and input pulse rates in
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The Londex batch counter type EBC

excess of 500 pulses per sec can be
accommodated. An added feature
is the capability for the unit to operate
on either the leading or the trailing
edge of the input pulse as selected
on a front-panel switch. A relay is
actuated at the end of each count
and a variable delay can be intro-
duced between the end of the batch
count and the operation of the relay.
The energized time of the relay can
be varied from 25 to 250 msec. A
totalizer displays the total number of
batches counted.—Kappa Electronics
Ltd., 159 Hammersmith Road, London,
W.6. (Phone: Riverside 7117).

For further information crcle No. 444

The Londex batch counter type
EBC can be supplied complete with
a photoelectric detector circuit to
form a complete system. [t can also
be used with other types of detector.
The required batch number is set on
four rotary switches beneath the
count display and an output relay is
operated at the end of the batch.
The display is automatically reset
to zero at the end of the count and
pre-batch control action can be
initiated. Up to four batches per sec
can be counted and the maximum
counting rate is 2,000 per sec. An
internal 100/c/s oscillator provides a
means of checking the accuracy of
the unit and increases its versatility.
—Londex Ltd., Anerley Works, 207
Anerley Road, London, S.E.20. (Phone :
Sydenham 3111).

For further information circle No. 445

The Parkinson Cowan preset
batch controller is used in con-
junction with such sensors as photo-
cells, microswitches (for solid units)
or ‘Unipulse’ flow meters (for liquid
control). At the end of the preset
count (up to 20 counts per sec are
possible), the counter will stop
before automatically repeating the
batch, or can be reset for a new
batch. The count may be stopped at

any time during an operation, and
then restarted either to complete
the preset count or count a different
quantity. Local or remote operation
are standard features, and a totaliz-
ing counter is provided; the counter
capacity is 999,999 counts with a
1 : 1 calibration, or 99,999 with a 2 : 1
calibration. Available from Parkinson
Cowan Measurement, Talbot Road,
Stretford, Manchester. (Phone: Long-
ford 1181).

For further information circle No. 446

Parkinson Cowan’s variable
batch controller is a solid-state
automatic batch counter for use in
industrial process schemes. It
accepts input signals from such
counting instruments as ‘Unipulse’
liquid-flow meters or digitizers
attached to machine-tool shafts,
and provides two separate and
successive relay-controlled outputs
which can be used for directly con-
trolling solenoid-operated valves,
contactors etc. The batch-quantity
counter will reset to zero, and the
presence of input signals is shown
by this counter and a totalizing
counter; the counting process can
be stopped and restarted at any time,
remote-control facilities being pro-
vided for stop, start and batch-
cancel functions. Batch quantities
up to 9,999 can be accommodated,
with totalizing up to 999,999. Avail-
able from Parkinson Cowan Measure-
ment, Talbot Road, Stretford, Man-
chester. (Phone: Longford 1181).

For further information circle No. 447

Photain Controls’ ‘Binadic’ solid-
state batch counters are built up
almost entirely of printed-circuit
plug-in boards and can be supplied
with from two to four decades,
with or without ‘digitron’ display
and having single or dual outputs.
Counting speeds of 3,000 per sec
are provided, though higher ones
are available, and the reset time is
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RESEARCH ELECTRONICS

= fece
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BATCH COUNTER

MODEL 6202 Gives a signal after a preset

count. Used for control of production lines, length of
stroke of reciprocating machinery, hopper filling, flow
measurement. £90. 0s. 0d.

SPECIFICATION

Mains input
Power consumption

200250 volts A.C. 50 ¢/s
not greater than 5QVA

Maximum counting speed 2 Kc/s (5 Kc/s on request)

Maximum batching speed | per second
Counting time lost per batch approxi ly 100 milli d
Relay:
operates for 0.2 second
action single change over contact
rating 250 volts 3 amps A.C.
Input any waveform approximately sine, from

triangular to square, or pulse not less
than 100 i seconds, amplitude 1.5 volts
peak to peak.

4 electronic counting decades, each with
associated ten position rotary switch
allowing any selection from | to 9999

Counting and selection

Indication Lamps show * mains on’ and * counting’

Reset by manual push button or automatically
at the end of a batch count

Size Panel P.O. rack size 19 x 51", standard
mounting slots
cut out — 174° x 51~

chassis depth 7°

RESEARCH ELECTRONICS (SALES) LTD.
LEE GREEN, MIRFIELD, YORKSHIRE. TEL.: MIRFIELD 7918

For further information circle No. 405

theory ol
aulomatic
conirol

Hiroyuki Takai

This treatment of the subject falls into two main sections.
The first provides a brief introduction for students and
engineers who are unfamiliar with automatic control
systems, and covers signal description and transmission, the
behaviour, operation and frequeney response of automatic
control systems and the characteristie roots of an individual
system. The second section examines more complex aspects
of the subjeet and will be of particular interest to mechani-
cal and chemical engineers who are concerned with auto-
matic process control. The emphasis is on the design of
automatic control systems and includes design for both
steady state and transient response.

315 pp illustrated  75s net 765 3d by post

available from leading booksellers

ILIFFE BOOKS LTD.

Dorset House, Stamford Street, London, 8.1<.1

For further information circle No. 406 |
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ELECTRONIC BATCH COUNTER TYPE 667A

NUMSER OF BATC
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TYPE 667A -
__NINE NEW  MODELS

> 2,3 or4decades digital display.

ExEaBIATICH CIOUNTIER'S

> comprehensive specifications!
> advanced design techniques!

JUST ONE OF THE
digicCron rance
OF DIGITAL -

o time of day clogks
o count down clocks
o stop clocks

o counters

o tachometers

DARANG ELECTRONICS

LIMITED
Restmor Way Hackbridge Road
Surrey England

Hackbridge
FRANKLIN 1140

For further information circle No. 407
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The type TSA 5545 counter
produced by
Venner Electronics

One of Smiths Industries’
two-program digital batch counters

shorter than the counting speed,
thus ensuring no loss of count on
reset. The units are suitable for
inputs from switches, photo tran-
sistors, photo diodes, photocon-
ductive cells, capacitive transducers
and inductive transducers. Auto-
matic or manual reset is possible,
and pre-batch warning pulses can be
provided. Available from Photain
Controls Ltd., Randalls Road, Leather-
head, Surrey. (Phone: Leatherhead
2776).

For further information circle No. 448

Photain Controls supply a range
of counting and batching control
equipment that has been designed
to provide a complete system for
every type of installation. Units
operate from photoelectric inputs
and are complete with transistorized
amplifier and power supply for a
light-beam projector unit. With the
preselection counters, any number
up to 999,999 can be chosen, and
when the count reaches the preset
figure the process will stop until
the unit is manually reset. Alterna-
tively the unit will produce an output
pulse to provide a further control
operation while continuing counting
the next batch. The type-CU unit
counts at 2,400 per min, whereas the
preset type-BCM has a maximum
counting rate of 1,500 per min;
both units are mechanically reset.
Available from Photain Controls
Ltd., Randalls Road, Leatherhead,
Surrey. (Phone: Leatherhead 2776),
For further information circle No. 449

Research Electronics’ batch
counter model 6202B is a robust
instrument for applications in pro-
duction control, packaging, coil
winding, cutting to length, depth-of-
cut control, process programming,
hopper filling, flow control etc. Any
count from 1 to 9,999 may be pre-
selected by means of four decade
selector switches, maximum count-
ing speed being 2,000 per sec (though
5,000 per sec is available on request);
maximum batching speed is 1 per
sec, the counting time lost per batch
being approximately 100 msec. A
manual reset button is provided for
setting up, but in continuous use the
instrument resets and continues
counting automatically once the
preset-count relay has operated.
Available from Research Electronics
(Sales) Ltd., Lee Green, Mirfield,
Yorkshire. (Phone: Mirfield 7918).

For further information circle No. 450

Smiths Industries’ digital batch
counters are supplied in a range of
eight transistorized models, each
having maximum and minimum
counts of 9,999 and 1 respectively.
Magnetic, photoelectric or miniature
photo-transistor sensing heads can
be used with these counters, thus
enabling any type of object to be
counted without modification to the
basic unit. The basic unit is either
a single or double-program counter,
but visual ‘numicator’ tubes and a
six-figure  resettable  batch-total
counter may be provided; all indi-
cators and controls requiring adjust-
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ment for normal operation are fitted
to the unit’s front panel. Available
from Smiths Industries Ltd., Industrial
Instrument Division, Kelvin House,
Wembley Park Drive, Wembley,
Middlesex. (Phone: Wembley 8888).
For further information circle No. 451

The Thorn Electronics type
C.B. 23 batch counter is a robust
four-decade unitfitted with a two-pole
change-over relay operated at the
end of each batch count. No display
of the count is provided. Set with the
use of rotary switches, the unit can
be operated from a detector pro-
viding a sine-wave signal at 25c/s
to 10 kc/s, from positive pulses at
up to 5kc/s, negative pulses at up
to 10kcfs, or a pair of normally-
open contacts closing 10 times per
sec. The unit can be reset auto-
matically, manually or automatically
after a predetermined delay. It
is dustproof and can be hosed
down with no adverse effects. The
U.K. distributors are M. L. Industrial
Products Ltd., 292 Leigh Road Trading
Estate, Slough, Bucks. (Phone:
Slough 23838).

For further information circle No. 452

The ‘Digi-master’ solid-state elec-
tronic predetermining counters
from Veeder-Root Inc. are a group
of high-speed counting and control-
ling devices; they operate at speeds
up to 50,000 counts per sec and auto-
matically re-cycle at speeds up to
10,000 counts per sec without loss
of counts. The range includes four
basic models, with or without
numerical readout, and with one or
two preset rows. ‘Digi-master’
totalizing counters (the series 1843)
are also offered, standard units
being rated at 24,000 counts per
min; by adding electronic decades,
the counting speed can be extended
by a factor of 10. Typical applications
for the totalizers include the count-
ing of bottles, barrels, razor blades,
pills, silicon chips and dust particles.
Veeder-Root Ltd., New Addington,
Surrey. (Phone: Lodge Hill 3344).
For further information circle No. 453

Venner Electronics' type TS A 5545
is a five-digit preset counter which
can operate from input pulses at
frequencies between 10c/s and
2Mcf/s. Two input channels are
provided and the unit is fitted with
terminals for operation from switch
contacts. An output for operation
of a digital printer is available as an
optional extra.—Venner Electronics
Ltd., Kingston By-Pass, New Malden,
Surrey. (Phone: Malden 2442).

For further information circle No. 454
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People
don’t
count!

Nowadays, they leave it to
Counting Instruments. Efficient
automatic counting is a vital
part of production control,
research, inspection,
store-keeping, data processing
. .. and an ever-widening range
of other activities.

C.I. build such a variety of
devices, people don’t count any
more; Counting Instruments
do it so much better.

fo000

"
1
e |

HAND TALLY COUNTERS

A simple four-figure unit 2

operated by finger pressure. P’ N 3

Reads up to 9999 and can %

be reset at any stage. > "‘;
2"

LIGHTWEIGHT
ELECTRO-
MAGNETIC
COUNTERS
Three- or four-figure units
built to withstand severe
mechanical shocks. Accurate
even at 7G.

LIGHT DUTY ELECTRO-
MAGNETIC COUNTERS

Compact and reliable units at low cost,
Tamper-proof and ideal for vending
and amusement machines.

HIGH SPEED, QUICK-RESET
ELECTRO-MAGNETIC COUNTERS
Extreme accuracy at fast counting speeds.
Six-figure reading, designed for

flush panel mounting.

NEW! LONG-LIFE ELECTRO-
MAGNETIC COUNTERS
Seven-figure units with a greatly improved
count life. Reads up to 9999999

and returns to zero.

COUNTING
INSTRUMENTS
LIMITED

Elstree Way, Boreham Wood. Hertfordshire.
Telephone: ELStree 4151

For further information circle No. 408
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X iu genihly md wlabily yenr-by HEWESTHR
Lyotyped - Cjecton mnd Manufactived
in Ceat Boitain

A NOTABLE AV I BLLCTRNE #H 7D
COWTING ForR MIDVSTEMYL AFHATION

unafffected by nad powsy fulue or inliftvence

This new range of Electronic Pre-determining Counters has been specially developed to meet
modern industrial requirements for a highly accurate counter with a maintainance-free life.
3, 4, 5 or 6 figure capacity with display.
A wide range of input and output facilities.
Up to 100,000 counts per second.
Silicone semi-conductors used throughout.
Guaranteed to be unaffected by transient
voltages on the main supply.
These standard features, together with the services of our Applications/Design staff, make these
counters readily adaptable to the majority of counting and control systems. You are invited to telephone
or write for full technical specifications and/or a demonstration of these remarkable counters.

FIRST IN ELECTRONIC COUNTERS FOR INDUSTRY

J. HENGSTLER GO. GREAT BRITAIN LTD.

BROOKER RD., WALTHAM ABBEY, ESSEX. PHONE: WALTHAM CROSS 26166-7-8

For further information circle No. 409
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AMPLIFER
NODEL 898
> ¢

LAl

Model 885-235 D.C.
Amplifiers
Gain Range :

310 3000

Input Resistance :
100 Megohms
Bandwidth :
dc 1010 kefs
Output :

+ 10 volts at = 100mA
Onift

¢ 1V for 40 hours

GAIN
VERNIER

‘ g A'
& -
S | GG —— ’v

A .. . - - —

Y Temp Coeff :
reno - 0.2uv/ F
Noise
" 2 uV rms

- Model 885-135 Output
g B

Gain Range : ift:
119 3000 + 1pV for 40 hours
Input Resistance © Temp. Coeft :
100 Megohms : 0.2uV/°F
Bandwidth : Noise :
d.c. 10 10 kefs 2V ims
0¢
AMPLIFIER
MO0k, 882 Mode! 887-115 Dual Qutput
FULL SCALE Differential Amplifier
INPUT - MV Garn Range :
10 20 50 110 5000
5 100 Input Resistance :
25 Megohms
Dnift:
: 2uV for 40 hours
Temp Coeff :
29 2 0.5V} F
oise ;
BANDWIDTH - H: 1107 uVms
100399 3¢ (depending on bandwidth)
10, Output A:
1 10V @ 1 100mA
Bandwidth A :
d.c. 10 60 ke/s
Output B :
£ 10V @ +10mA
Bandwidth B :

front panel selected
10 ¢fs, 100 cfs,
1000 ¢/s & 10,000 c/s

Advanced solid-state
ASTIROIDATNT A

Amplifiers for
instrumentation
applications.

These quality High Gain amplifiers for
low level wideband systems are com-
pletely transistorized and use field effect
transistors (FET) in place of mechanical
choppers to achieve a very low drift rate
and freedom from microphonics combined
with maximum reliability.

Two Differential Models—885-135 and
885-235 incorporate gain range selection
facilities up to x 3000 combined with a
continuously adjustable 10 turn vernier
control as standard features. Amplifier
outputs are +10mA and +100mA re-
spectively from a low impedance source
sufficient to drive long lines, A-D
converters, multiplexers. galvanometer—
recorders or tape recorders. Transfer
characteristic is optimized to provide
wide frequency response with minimum
overshoot, fastest settling and overload
times and minimum phase shift. Common
mode rejection is greater than 120 db
with up to +300 volts d.c. or peak a.c.
common mode voltage.

The model 886-101 has similar charac-
teristics to the 885 amplifiers but features
a wider bandwidth and +10V. d.c. or
peak a.c. common mode voltage.

These amplifiers have built-in power
supplies, feature d.c. drift of less than
4uV rms per 1000 hrs: wideband noise
of less than 4uV: linearity better than
0.02%. They can be used either separately
or in the same rack module with an
Astrodata Model 1155 Universal Signal
Conditioning Unit or Model 890 Elec-
tronic Filter to form complete, isolated,
signal conditioning channels.

Model 887-1156 d.c. Amplifier is the latest
of the Astrodata Wideband d.c. Amplifier
range and provides—dual outputs, which
are mutually isolated, to drive simultane-
ously such devices as A-D converters,
and galvanometer-recorders.

RAL’s new Instrumentation Division has
been set up to meet the fast-increasing
demand for Astrodata products in the
U.K. In addition to the Amplifiers itlustra-
ted. this proven range includes Telemetry
Systems, Digital Data Acquisition and
Timing Equipment.

For further information please contact
John Gillman-Smith at:-

i Model 1155 Universal ’

i Signal Conditioming Unit
* Used to supply excitation

Db g, il
calibration. Used with

100 Megohms
Bandwidrh :

dc. 1050 ke/s

or bias, aitenuation,
rpletion,

low-level or high level
signals from thermo-
couples, strain gauges.
resistance temperature ‘
sensors, thermistors,

potentiomerers and ks
voltage sources *0 @

Model 120

Nanovolt Amplifier
Gan R )0

e+ 200 to 1.000.000
dc.10100¢/s

Noise : 003 pV rms

Input Resisiance : 1 Megohm

Output Level : 0 to £5 volts at -=5mA

[R-A. IIJ REDIFON-ASTRODATA LTID

THE HYBRID
COMPUTER SPECIALISTS

Brookside Avenue Rustington Littlehampton Sussex Telephone Rustington 4166
A Member Company of the REDIFFUSION Group

For further information circle No. 201
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Racal is a world leader in solid
state HF communications re-
ceivers and systems. Name your
requirement and Racal can meet
it. Any facility which you require
exists within the brilliantly de-
signed modular equipments which
Racal produces. The complete
system of your choice with its
adaptors, synthesizers and ancil-
laries assembled into a cabinet of
the highest professional standard
can be made available to you
quickly.

The Racal name in Communica-
tions stems from the internation-
ally famous RA.17 series of re-
ceivers. Its successor, the all
solid state RA.217, forms the
basic receiver for future Racal
receiver systems. Like its pre-
decessor, the RA.217 series, has
the same unequalled standard ot
receiver performance. A standard
of performance chosen and pre-
ferred by major users in almost
every country of the world.

March 1967

THE RACAL
RA.1217
SOLID-STATE
COMMUNICATIONS
RECEIVER

(rack version of RA.217)
1 to 30 MHz, DSB,
SSB, MCW, CW, fully
transistorised high
sensitivity stability
and setting accuracy,
facilities for external
frequency control

Wherever communication is vital - choose Racal. _, e
You’ll choose wisely. e

[R/A/C/A]L|

Racal Communications Limited,
Western Road, Bracknell, Berks.; England.

For further information circle No. 202





