Electronic

Engineering

% Silicon throughout ¥ One or two
pulses up to 20V amplitude, 4+ or —
with respect to earth % Frequency
range 2.5 ¢/s—2.5 Mc/s % Vernier
and 1:2:5 switched control of ampli-
tude, 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 details of this latest
addition to the Venner range of
transistorised electronic precision
instruments.

VENNER DOUBLE-PULSE
GENERATOR TYPE TSA 628

Kingston Bv-

Overse:s su?

“

-y
/"f’/

P*ng

ew Malden - Surrey - Tel:

NhfP A.G. BURGENZIELWEG 16.3006 BERNE
“V' HELMSTRAAT 3 - DEN HAAG - HOLLAND
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INTEGRATEDCIRCUITS CAN BE REPLACED IN SECONDS
with
the
new

FERRAN TI

First into the Future

Full details from: FERRANTI LTD., KINGS CROSS ROAD, DUNDEE, SCOTLAND. Tel: (ODU2) Dundee 87141

DS/T144/2
ELECTRONIC ENGINEERING i JUNE 1966



Vol. 38 No. 460

Hectronic Engineering

JUNE 1966
Incorporating ELECTRONICS, TELEVISION and SHORT WAVE WORLD
Managing Editor: H. G. FOSTER, M.Sc., M.I.E.E, M.I.E.R.E.
Contents
| 353 Commentary
354 . A Computer-controlled C.R.T. Display System by W. Bial
359 Electronic Sterling Invoicing
360 Analysis of High Speed Fixed Stores Using U-cores by H. P. A. Salam
366 Remotg Control of Television Relay Stations
367 Thin Film Transistors by R. P. Howson
370 A Very High Input Impedance Buffer using Field Effect Transistors by K. Thompson
373 Numerically Controlled Spark Engraving
374 Swept Frequency Methods of Response Measurement by J. F. Golding
381 Moderate Speed Data Logging Using Pulse Groups on Magnetic Tape by J. G. Lang
384 A High-Efficiency Monostable Circuit using Complementary Transistors
by B. D. Rakovich
387 A New Letter Sorting Machine
388 - Tantalum Film Circuits by P. L. Hawkes
389 Measurement by Short Range Telemetry
390 A Low-Noise, High-Input Impedance Transistorised Pre-amplifier by A. Szerlip
392 Circle Diagrams for Representing the Relationship Between the Noise Factor
and Source Admittance of a Linear Two Port by R. Bridgen
394 Design Data for a Third Order Butterworth Filter with Specified Source
and Load Resistance by R. Sill and A. Simeon
397 Octave and One-Third Octave Filters for Sub-sonic Frequencies
by W. Tempest and N. S. Yeowart
399 Self-Monitoring for Data Systems
400 New Books
402 New Equipment
408 Short News Items
FRANCAIS 411 Nouvelles Réalisations
416 Résumés des Principaux Articles
DEUTSCH 418 Neue Ausrustungen
423 Zusammenfassung der wichtigsten Beitrige
Classified Advertisements page 165 Index to Advertisers page 171

SUBSCRIPTION RATES
Single copy 3s. 6d. plus 1s. 6d. postage
HOME £2.5.0d. p.a. (3 yrs. £6.0.0d.)
OVERSEAS £2.15.0d. (3 yrs. £7.10.0d.)

CARADA & U.8.A. $8.00 p.a. (3 yrs. $22.00)

PUBLISHED MONTHLY on the last Friday of the preceding month by:

MORGAN BROTHERS (PUBLISHERS) LIMITED

at 28 Essex Street Strand London W.C.2 : Telephone: CENtral 6565
- CABLES (Home and Overseas)—‘Lectroning London W.C.2°

' MEMBER OF THE AUDIT BUREAU OF CIRGULATIONS © MORGAN BROTHERS (PUBLISHERS) LTD. 1966

JUNE 1966 (a)

1 ELECTRONIC ENGINEERING



Bryans 21000 series plotters.
Simple, versatile and reliable.

Prices from under £300

High impedance floating input circuits
Linearity better than0.25%
Sensitivity 1mv/inch to 1v/inch, or 500 pv/inch to Smv/inch in potentiometric mode
Zero shiftin both axes
Time base optional
Modular design, simple mechanism,
for reliability and long life

Ask for a demonstration from

Bryans Ltd
Willow Lane ‘Mitcham Surrey
Mitcham 5134 \

EE 94 005 for further details
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RIELAYS

REED PUSH-BUTTON SWlTCH

These switches have been designed to provide a clean % Available as normally open (push to make)
make and break with a minimum of bounce or Type RSA, or as normally closed (push, to
spurious contact which is sometimes experienced break) Type RSB.

with conventional switches. An annular magnet is
moved over a sealed reed contact by the push
button. The switches are ruggedly designed and have
positive end stops. % Life better than 108 operations.

==@NE— [TWO MINIATURE RELAYS| =—{Iat——

TYPE DRI form A TYPE DR2C form C

v Ratings 0.5A, 200 Volts or 10 Watts into
resistive load.

Coll Voltage 220V | Using the miniature Hamlin reeds, these | coil Voltage 2-36V
g:“t:&w;;ﬂng I 2v15|'3a relays are offered as complete units. goil Pow;r 100mwW
n tact Rati V.
Eaniactilialistance |00mQ Other Alma reed relays available both as | =oMact patine 4 :?om
Actuating Time m sec. | standard and to special order. Actuating Time 2m sec.
Dimensions 0.875" long x 0. 25' dia. Dimensions 0.75” long x 0.38 dia.

‘SPECIALS’ & ASSOCIATED DEVIGES TO ORDER—AND BY DESIGN

A wide variety, including mercury-wetted relays, are Design service: Give us details of your applications and
available to order. In addition, numerous switching we will design for you reed relays with correctly matched
devices based on reed relays are being developed by Alma  coil and reed characteristics, suitable dimensions, etc.
—including, a rotary selector switch, a proximity Contact us or ask for one of our representatives to call.
switch, etc.

Quality first—Alma’s experience in coll winding and precision measurements ensures that yau get relays and devices engineered ta close tolerances.

ALMA COMPONENTS LIMITED

Park Road . Diss . Norfolk . Telephone: Diss 2287 . Telex: 18162

JUNE 1966 3 ELECTRONIC ENGINEERING
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5,000 years of counting -

No. 1

Since man first scratched on cave-walls, the quantity
‘one’' has been indicated by a single stroke. Variations
such as the Hieratic symbol (left) have all proved
transitory, and our modern figure is the same 'one’ the

Phoenicians used.

Moral: Once you find the right answer, stick to it.

Clients of Cl wouldn't change to any other counting

system.

High speed
gquick reset

electro-magnetic
GCOUNTERS

Operating at twenty counts a second, this six-
figure counter resets by push button or elec-
trically. Other models in this sub-range are
four-digit counters capable of twenty-five
counts a second. A special feature is that
accidental resetting when the counter is run-
ning does not harm the mechanism. These
modelsaredesigned for flush panel mounting.
Energised by dual electro-magnets on a
common armature. Balanced escapement
mechanism. Jewelled bearings tooled to very
fine limits. Nylon moulded working parts for
minimal friction. Differential pinion for pre-
cise alignment. Large figures for good read-
ability.
In an increasingly diverse field, Cl counters help
you keep pace with growth and demand.

, PUSH BUTTON RESET ELECTRIC RESET
Write or telephone for technical LS
information ot specific applications N"
COUNTING INSTRUMENTS LIMITED {
Elstree Way, Boreham Wood, Hertfordshire b
Telephone ELStree 4151 4
ELECTRONIC ENGINEERING 4 JUNE 1966
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one of the best
In the world

ril
PRECISION

WIREWOUND
RESISTORS

Type approved to DEF5113(H2)

s
“You can rely on Rivlin”’ ((;

Yorktown Industrial Estate Doman Road Camberley Surrey Telephone: Camberley 21107/§

RIVI.INII_NSTRUMENTS LIMITED

ri

JUNE 1966

London Office: 687 FINCHLEY ROAD, LONDON, N.W.2. Telephone : Swiss Cottage 3038
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VISIJAR LABORATORIES LIMITED

ACRYLIC SPECIALISTS

Skilled in the Manipulation and Fabrication of

‘PERSPEX’ IN ALL ITS FORMS

Craftsmen in the use of ‘PERSPEX’ always ready to
put our ingenuity and years of experience at your
service, )

Many types of prototype equipment are made for in-
dustry, chiefly — Electronics, Space research, Medical
and Educational.

We also carry one of the largest stocks of Acrylic in
the United Kingdom.

Officially Appointed @ Stockists

NATIONAL ACRYLIC CONSULTANTS

VISIJAR LABORATORIES LIMITED
PEGASUS ROAD e CROYDON AIRPORT e SURREY o  MUN 6341 (5 LINES)

UNL
ol P X

one step ahead of today’s demands

GGL work in metal, progress on policies stronger than
the materials they work with. Capstan and automatic
work, pressings and drawings, components in metal —
any metal — come quick and accurate when you deal
with GGL. If you are an industrial pace-setter and you
need a component supplier to keep pace, better get in
touch with GGL.

mrlm tachniques of tamorrow for the needs of today

Griffiths, Gilbart Lieyd Limited, Empire Works, Park Road, Birmingham. Tel. NOR 6221,

EE 94 010 for further details
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All the information you want hetween two covers

If you are professionally engaged in the electronics industry you should have your own personal copy
of Gardners Industrial Catalogue. It contains details of our latest additions—42 Transformers for
Transistorised A/F Power Amplifiers, New Audio Line Matching Transformers, besides a compre-
hensive range of Small Power Transformers, Auto, isolating and Low Voitage Transformers, Inductors,
Saturable Reactors, etc. This publication will be kept up to date with amendments and additions as
they are issued. Years of specialisation have given Gardners Transformers a reputation for high
performance and reliability.

Write for your copy of Gardners Industrial Catalogue on your company’s heading. You will find it
packed with the sort of information you require at your finger-tips.

GARDNERS

Gardners TRANSFORMERS

GARDNERS TRANSFORMERS LIMITED, Somerford, Christchurch, Hants. Tel: 1734. Teiex 41276 Telegrams: Radiptrans Christchurch Telex.
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PENNY & GILES

'FM_IBUII;E

.
<

g

Have YOU a
Potentiometer Application Problem?

For example:This 3-Gang Rotary Potentiometer
wasdesigned for an Industrial Analogue Computer

ALL MAJOR INDUSTRIES IN THE UNITED
KINGDOM SPECIFY PENNY & GILES

Over 90% of our precision Instruments are custom-built to
individual requirements.

Fully tested and approved to M.O.A., A.R.B., & M.IL.L. Speciflca-
tions.

Research & Design Laboratories at customers' disposal for
particular applications.

Environmental testing facilities ensure maximum reliabifity.

OUR CUSTOMERS INCLUDE THE FOLLOWING COMPANIES:

ASSOCIATED ELECTRICAL INDUSTRIES - BRITISH EUROPEAN
AIRWAYS - BRITISH OVERSEAS AIRWAYS CORPORATION
ELLIOTT FLIGHT AUTOMATION LTD. * THE ENGLISH ELECTRIC
CO., LTD. - FERRANTI LTD * THE MARCONI CO. LTD.
ROLLS-ROYCE LTD. ° SMITHS INDUSTRIES

SEND FOR SPECIFICATIONS AND COLOUR BROCHURE DEPT, E.E.5

HEAD OFFICE: MUDEFORD, CHRISTCHURCH,
HANTS, ENGLAND,

@ PENNY&GILESLTD

NOW INTERNAT]

CASE 21211 GENEVE 6, SUISSE

ELECTRONIC ENGINEERING

EE 94 013 for further details

80/20 NICKEL-CHROME—
gives best results in all
high temperature applications.

TOPHET ‘A’

v

NICKEL-CHROME-IRON—
lower priced but excellent for use
at slightly lower temperatures.

TOPHET ‘C 41
COPPER-NICKEL—

low temperature coefficient alloy
for use at low temperatures.

CUPRON

X
-
\J

L]

Meets the demand for a series of
alloys with resistance between
that of copper and Copper-
Nickel.

LOW |
RESISTANCE i
ALLOYS [T}

The best available materials for
| super precision resistors.

i> Highest specific resistance and

" lowest temperature coefficient.

EVANOHM

L]

GILBY-BRUNTON LTD

Head Office & Works:

SEAMILL, MUSSELBURGH, SCOTLAND
Telephone: Musselburgh 2369

London Office: 47 WHITEHALL, S.W.1
Telephone: WHitehall 6058

For complete data
on all our resistance
alloys and stainless
steel wire, write for
a copy of our
Resistance Handbook

Sideband Crystal
Filters from K. S. S.

This is designed for use
in SSB transmitters to es-
pecially maintain excellent
characteristics in Temper-

ature and Shock.
% Mein Charactaristics of SSB Crystal Filters

Canter s 6 & [ Carrros
Tyve Bandwidth | Bandwideh |Supression
LG TS masx min. max

7 lni;n;-n[ In Band | Ing Output | Operating lni.mi...

Ripple | lepedance | Temperature
mas.

ohms Hange |0 W0 80%

T
—10~+50C| s4x2ux2

aKC [ 2KC uxcLzsa (73 ’ 28 Ska

115KE |
1756.5KC

1945KC ‘
anc] 2KC | exc | za 2 5Xa
2#55KC

| 1
S000KC ! ZICL 5.0KC s 24 I 5600 J 0~ &C| S5x2xB

—10~+%0C| 80XNXNV

*For catalog write to:

Xinsekisha Caboratory £3d

Tel. 429-2111 Cables: ““CRYSTAL TOKYO”
17-23, 2-chome. Miyasaka, Sctagaya-ku, Tokyo, Japan

EE 94 014 for further details
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How does KODAK LINAGRAPH DIRECT
PRINT PAPER help run a railway?

Ask the Eastern Region

On a busy rail network like the Eastern
Region of British Rail, time is at a premium.
So faults have to be detected fast, corrected
as quickly,

That’s why Eastern Region engineers use
oscillograph recordings on Kodak ‘Lina-
graph’ Direct Print Paper to investigate the
electrical equipment of the Region’smultiple
unit electric trains.

The tremendous speed with which Kodak
‘Linagraph’ Direct Print Paper provides an

‘Linagraph’ and ‘Kodak’ are registered irade-mark.

of British Rail

image without chemical processing (it’s
practically instantaneous) enables engineers
to examine results and make modifications
to the test programme while test trains are
actually running. Which, of course, means
valuable savings in time and money for
British Rail.

It could be that Kodak ‘Linagraph’ Direct
Print Paper could help save time and money
for you, too. Post the coupon today for
full details.

|:GY BVl seErVES INDUSTRY

JUNE 1966

Please send full details of Kodak—'
‘Linagraph® Direct Print Paper.

NAME

ADDRESS,

Kodak Limited, Dept. 73, Kodak House,
Kingsway, London, W.C.2,

| R .
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) automatic wiring systems

Precision-engineeted PW Series Connectors ensure complete reliability for programmed automatic or
manual wiring systems. The phosphor bronze contact/wiring pillars are of one-piece fitted in high-
strength polycarbonate mouldings. The pillars—accurate to -015” radial tolerance and - 030" positional
tolerance at tip—withstand over 30 Ib axial loading.

Voltage rating— 500 v AC RMS. Contact rating — 5A. Contact insertion force — average 6 oz per
contact pair. Various contact spacings available for single or double sided printed circuit boards.

-

DESIGN FEATURES

Wiring pillar tip chamfers held to close tolerances. Bifurcated contacts give
multi-point contact. Minimum contact engagement length -180”. Low rate
springs accommodate printed circuit boards from - 054” to - 072” thickness. Unit
construction contact spring and wiring pillar. Contact finishes available to suit
applications.

Write for full technical information.

BICC-BURNDY LIMITED

FOR FULL

ST. HELENS, LANCS. Telephone: St. Helens 26251

ELECTRONIC ENGINEERING 10 JUNE 1966




MORE DATA

MORE PAGES

I nstruments
Electronics
B utomation

year book and
buyers guide

EE 94 017 for further details

THE SECOND EDITION (1966)

of the 1.E.A. Year Book and
Buyers Guide has been com-
pletely revised and IS NOW
READY. For technologists and
buyers in industry, commerce and
research — indeed for all who need
to keep abreast of developments in
the instruments, electronics, and
automation field — this publication

is a “must”.

Expansion is the keynote of the second edition which contains over 700 pages

BUYERS GUIDE 10,000 new entries included and Product Headings increased to 4,600

MANUFACTURERS ADDRESSES now number 2,700 firms

EQUIPMENT SURVEYS ALL SURVEYS have been revised and brought up to date and three new ones added:
Digital Computers - Hygrometers * pH Meters and Electrodes

PLUS TWO NEW SECTIONS British Standard and Defence Specifications

Export Information

CONTENTS

BUYERS GUIDE

Contains over 4,600 product headings
relating to [Instruments, Electronic and
Automation equipment plus 1,500 cross
references.

MANUFACTURERS ADDRESSES
2,700 firms with products in the Buyers
Guide and Equipment Surveys.
{ILLUSTRATED PRODUCTS

100 pages of illustrations and specifica-
tions of products listed in the Buyers Guide.

WHO’S WHO
Career details of prominent people in the
industry.

WHO BUYS

A guide to people responsible for procur- -

ing supplies for public services in the U.K.

BRITISH STANDARD and DEFENCE
SPECIFICATIONS

A list of relevant British Standard and
Defence Specifications.

EXPORT INFORMATION
Details of Government Services available
to exporters.

TRADE NAMES

Trade Names used by firms whose
products are included in the Buyers
Guide.

ASSOCIATION ADDRESSES

A list of Associations, Institutions, Societies
and other bodies with details of their
principal officers and main objects.

EQUIPMENT SURVEYS

Provide technical background information
and data relating to equipment com-
mercially available in the Instruments,
Electronics and Automation industries in
the United Kingdom.

Analogue-to-digital Converters
Closed-circuit Television

Digital Computers

Control System Analysers

D.C. Amplifiers for Computers
Electrical Moisture Meters
Electrohydraulic Servo-valves
Electronic Process Controllers
Gas and Liquid Density Gauges
Hydraulic Oils for Power Transmission
Hygrometers

Mass Flowmeters

Miniature Recorders

Optical Galvanometer Recorders
pH Meters and Electrodes
Pneumatic Controlers
Potentiometric Recorders
Pressure Transducers

Radiation Pyrometers

Turbine Flowmeters
Uniselectors

Variable-area Flowmeters.

Instruments, Electronics,
Automation Year Book and
Buyers Guide.

28 ESSEX STREET, LONDON,W.C.2

A Morgan Brothers Publication.
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Four new
marine
radar magnetrons

2000-HOUR

The greatly improved reliability of transistorised equipment
demands greater life from its associated thermionic devices.
To meet this demand in the marine radar field, Mullard has
now introduced four new long-life magnetrons.

YJ1120 and YJN21

The first pair of magnetrons in this new release are types
YJ1120 and YJ1121, which are not only guaranteed for 2000
hours, but are confidently expected to give excellent service
for at least 5000 hours. This long life- has been obtained by
revolutionary techniques which also result in low heater
consumption (6-3V, 600mA), a very useful feature in hybrid
systems.

Brief data: YJ1120 YJ1121
Frequency 9.380 to 9-440Gc/s 9-415 to 9-475Gc/s
R.F. pulse power output

(I-pulse = 8A) 25kW 26kW
Pulse voltage

(I-pulse = 8A) 8.2kV —

(I-pulse = 9A) —_ 8.3kV
Max. duty factor 0.0015 0-0015
YJ1110 and YJ111

Also recently introduced by Mullard are the YJ1110 and
YJ1111 magnetrons which are designed as long-life plug-in
replacements for the universally known and well proved JP9-15
and JP9-15B types, production of which will be continued.

Brief data: YJ1110 YJ1111
Frequency 9.345 to 9.405Gcfs 9-415 to 9-475Gc/s
R.F. pulse power output

(I-pulse = 7.5A) 20kW 20kW
Pulse voltage

(I-pulse = 7.5A) 7-8kV 7-8kV
Max. duty factor 0.0015 0-0015

GUARANTEE

YJ1120 magnetron

Compared to standard magnetrons, all of these long life
versions offer particular advantages to companies operating
rental schemes —expected average cost per normal running
hour is some 50% lower and cost per guaranteed operating hour
some 65% lower.

These magnetrons are of packaged construction and, at
normal temperatures, can be cooled by natural air flow.

For further details of Mullard YJ1110, YJ1111, YJ1120 and
YJ1121 magnetrons, please use the reply card of this journal
(see reference opposite).

What’s new . . . .

. from Mullard

ELECTRONIC ENGINEERING
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Competitively Priced
Varactor Diode
Introduced
Power source for low power

VH.F. and U.H.

F. transmitters

Mullard’s latest silicon planar varactor diode, type BAY96, a
highly efficient frequency multiplier, has been introduced to meet
the growing demand for competitively priced power sources for
solid-state v.h.f. and u.h.f. transmitters; power output stages in
telemetry equipments and driver stages for microwave harmonic
generators are other suitable applications for this device.

The BAY96 has a higher power
rating than the now well-known
BAY66. Rugged and dependable,
the BAY96 is eminently suitable
for the most advanced military
and civil low power mobile trans-
mitters. Used as a trebler, the
BAY96 will provide an 18W out-
put at 450Mc/s from a 30W

150Mc/s source — a typical effici- |

ency of 60%. Used as a doubler,
an 8W output at 1Gc/s can be
obtained from a 20W S00Mc/s
source—the efficiency in this case
is 40%. The BAY96 can also be
used as a quadrupler, providing
5W at 480Mc/s from a 10W
120Mc/s source— 509 efficiency.

The varactor is encapsulated in
a low inductance, hermetically
sealed, welded, ceramic-metal
DO-4 envelope. It is designed to

y {
operate over a wide temperature
range; maximum junction tem-
perature is 175°C. Low series
resistance ensures minimum diode
losses and high efficiency.

Brief data:

Vrmax 120V
Pioimax (Tease = 25°C) 20W
Tymax 175°C

GUARANTEED
FOR 5000 HOURS

A guaranteed 5000 hour life is
offered by Mullard’s new type
YXK1070 series of 1W communi-
cations reflex klystrons. Designed
for use in the output stages of
medium capacity microwave links,
all klystrons in this range are
mechanically and electrically simi-
lar to the VA222 series and can
be used as alternatives.

Klystrons in the YK 1070 series
exhibit excellent stability with I1W
output power over a frequency
spectrum of 5-925 to 8-1Gg/s.
Mechanical tuning is by screw
adjustment of the external cavity.
Contact cooling allows economies
to be made in the cost of the
overall system by the elimination
of the blower usually required;
this feature also improves the
overall reliability of the system.

The output connection is by
waveguide WR137, .i.e. British
size 14,

FIVE NEW DOUBLE-DIFFUSED EPITAXIAL TRANSISTORS

Mullard now offers a range of
five new ‘1 amp’ n-p-n double-
diffused silicon planar transistors
which fully meet the requirements
for the well-known JEDEC types
2N696, 2N697, 2N1420, 2N1613
and 2N1711, and also com-

plement the performance coverage
offered by Mullard’s popular
Double-diffused

BFYS0 series.

construction provides these new
devices with extremely linear gain/
current characteristics and con-
sequently makes them ideal for
service in circuits where linearity
must be maintained down to low
current levels. Another attractive
aspect of this range is that all
devices are offered at very com-
petitive prices.

The high collector/base voltage
ratings of these transistors
together with their linear charac-

Brief data: 60V 60V
Vceo 2N696 2N697
Vceo 40V 40V
Prot 600mW  600mW
Timax 175°C 175°C
hpg(150mA) 20-60 40-120
fe 40Mcjs  50Mc/s
Vcesat 1.5V . 1.5V
VpEsat 1-3V 1.3V

teristics make these devices an
obvious choice for use in d.c. or
high frequency amplifiers. Their
suitability for industrial high
current switching applications is
apparent from the high cut-off
frequency and low collector/base
capacitance quoted. Linear circuit
designers will be particularly
interested in the detailed specifi-
cations prepared for types
2N1613 and 2N1711,

60V 75V 75V,

2N1420 2N1613  2N1711
30V 30V 30V

600mW  800mW  800mW

175°C 200°C 200°C
100-300 40-120 100-300
S0Mc/s 60Mc/s 60Mc/s

1-5V 1.5V 1.5V

- 1.3V 1.3V 1.3V

New module
provides
cheap,
simple and
reliable
current

limiting

Another recent addition to the
Mullard range of potted modules
is a current limiting module type
MY5051 which has been designed
for use with existing thyristor
firing modules and stacks.

The introduction of this module
enables either single-phase or
three-phase control systems to be
built with automatic correction
for load current variations or
short-circuit conditions as well
as to provide slow start facilities
for motor controls.

The MY5051 is a cheap reliable
and simple module which may
be connected in a feedback circuit
between a current sensing trans-
former (or other current sensing
device) and a thyristor firing
module. The onset of current
limit occurs when the input signal
to the MYS051 is 2-6V r.m.s.
At lower inputs, the MY5051 has
little effect on the control circuit
but at higher inputs the trigger
angle of the thyristor is rapidly
increased.

FURTHER DETAILS of the
Mullard products described
in this advertisement .can be
obtained from the address
below or through the Reader
Information Service of Elec-
tronic Engineering using the
appropriate code number shown
below.

YJ1110Q, YJ1111, YJ1120,
YJ1121 Magnetrons . EE 94 350

BAY96

Varactor Diode . . . . EE 94 351
5 New

Epitaxial Transistors. EE 94 352
YK1070 Series
Klystrons......... EE9%4 353
MYS5051

Potted Module. . ... EE 94 354

Mullard Limited, Mullard House, Torrington Place, London, WC1. Telephone : LANgham 6633
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General Secretary:
MR. W. BIRTWISTLE, M.Inst.E.

PENNINE HOUSE,
Tel. Rochdale 48759

78, SHAW ROAD,
ROCHDALE, LANCS.

Est. 1930 Inc. 1935

The Institution of Electronics takes this opportunity to remind you that its
TWENTY-FIRST ANNUAL ELECTRONICS, INSTRUMENTS,
CONTROLS and COMPONENTS EXHIBITION and CONVENTION
is to be held at
BELLE VUE, MANCHESTER,
from SEPTEMBER 27th to OCTOBER 1st inclusive, 1966

For Conditions of Exhibiting at, or to request that your name be added to the Mailing List of,
this the Largest Annual International Electronics Exhibition and Convention held in the United
Kingdom, write to the General Secretary, The Institution of Electronics, Pennine House,
78, Shaw Road, Rochdale, Lancs. Catalogue (Post free 4/9d.) will be available from
September 12th, Preview (Post free 7d.) available from September Ist.

For Institution Membership Details write to Membership Registrar

B NG f CROPICO
S v TWO TEST %
POSITIONS g

STANDARD > .
CELL o

POTENTIOMETERS

This potentiometer Is 2 medium grade instrument
suitable for general laboratory use, such as the cali-
bration of instruments, measurement of resistance,
voltage and current, calibration of wattmeters,
thermocouple measurements, photoelectric measure-
ments, etc.

The instrument is completely self-contained, hav-
ing a built-in sensitive spot reflecting-galvanometer,
standard cell and supply battery.

The potentiometer has an independent standardi-
zing circuit so that standardization against a stan-
dard cell may be effected independently of the
setting of the main dial. The circuit incorporates
a device which automatically compensates for

EHOIERFTAn R

g

TWO
MEASURING
DIALS

T e

GALVANOMETER
SENSITIVITY changes in standard cell voltage due to ambient
CONTROL temperature changes.
EhiiR DT ACCURACY Daltvary
Sensitivity Imm/uV THREE |0 to 1.8 Volts | 0.02% or 0.2mV PfomPt
3 RANGES |9 to 0.18 Volts | 0.03% or 25 uV
S R R B R A 0¢00.018Volts | 0.04% or 3 u¥

Also Manufacturers of :—VERNIER POTENTIOMETERS, WHEATSTONE BRIDGES, FOR FULL DETAILS REQUEST LEAFLET No. 54
THERMOCOUPLE SWITCHES, KELVIN BRIDGES, RESISTANCE BOXES, ETC.

CROYDON PRECISION INSTRUMENT COMPANY

HAMPTON ROAD 'CROYDON -SURREY Telephone THORNTON HEATH 4025 & 4094

EE 94 019 for further details
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Automation

Tape recording

Programming

Information and data processing

4

1 MOSA 5 6B Zitarmee

Data transmission

COMPAGNIE DES COMPTEURS

france
C.D.C. (GREAT BRITAIN) Limited

Terminal House - Grosvenor Gardens - London S'W. 1
Telephone : SLOane 8271 - Telex : 23372

JUNE 1966 15 ELECTRONIC ENGINEERING



EE 94 02| for further details

A Better Delivery

Four items from the long line of high quality com-
ponents available QUICKLY from Bourns. Bourns
products include the well known TRIMPOT ®
potentiometers with wirewound, carbon and
Palirium® elements; precision potentiometers,
relays, time delays, microcomponents and trans-
ducers for sensing of pressure, position and

acceleration. Bourns wide range, high quality and
rapid delivery will keep you on the right track.

Avoid costly delays and write, phone or telex your
order now to Bourns (Trimpot) Ltd. :

Use Bourns reliable
products and service.

; 3250

i Trimpot ® potentiometer

L Humidity proof

P ~wirewound

Low volume

\ square ghapa

! "X 4" x 3/16¢

] i High temperature—
'I‘fimnot® relay 175°C

i : 1.0 amp.

t Double pole Low residual end

| Double throw resistance—

E < 0-1% or 1:0 ohms
Size~

only 0.2” x 0-4” x 0-6~

Wiper assembly idles

Operating sensitivity— Standard
i 160 MW Resistances—

: ‘( Temperature range—
i —65°C to + 126°C
© Shock150G's
11 Milliseconds

M’a‘moﬁdcps

bi‘lgﬁtée?wriﬁingl stylés

e

actual size

TRIMPOT

10 chms to 50K ohms

Threa terminal styles—
Insulated leads
printed circuit

pins or panel mount

-~
actual size

i

3300 . ® st
Trimpot  potentiometer e ®
+single tury, Trimpot ~ potentiomater
‘=wirswound: High temperature
Ll Humidity proof
“‘Smatler then 1O 6 ~wirewound
transisior size.
5/16" diameter x 3/16” Qualified to Mil-R-27208A
e Style RT-11
| High'tempsiature= ;
LA High power—
1:0.watt at 70°C
Excellent shock, R
vibration stability Excellent shock,

vibration and

Outstanding humidity acceleration stability
performance
G TR S ‘High temparature- -
Twopimsdcicutsties g
and Pangl Mount : LA SRR
Sealed against humidity,
Standard liquid and potting compounds
Resistances— ¥ P
10 ohms to 20K ohms Standard
: Resistances—
“10 ohms to 100K ohms
actual size
actual size

Components for
Commercial
Industrial

and Defence
applications

ELECTRONIC ENGINEERING
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BOURNS

BOURNS (TRIMPOT) LIMITED
Hodford House, 17/27 High Street,
Hounslow, Middlesex

Tel: Hudson 0111. Telex: 264485

JUNE 1966




®1750B
o 50 mc Dual Trace

Maximum Sensitivity is
4 50 mV/cm. Simplified trig-
gering insures stable dual

trace display.
Price: £125
| b -

FOR YOUR
@175A
OSCILLOSCOPE
SYSTEM oo
I

é 1784A
Strip Chart Recorder
e Just push a button to auto- |
: matically record repetitive
waveforms to 30 mc. Cost is
. /aoth that of standard photo-
- graph. :
Price: £ 340

CALIERATOR
.ty

SeCIL LA DAL
e @ sacxans
ERE e s

awees T

EE 94 022 for further details

®1755A
High Sensitivity Dual Trace
With one plug-in: High

Frequency(50mc,10mV/cm)
orLowLevel(20mc,ImV/cm)
operation. DC or AC coupled.
Simplified triggering as in
17508B.

Price: £ 253

‘ @& 1715A Oscilloscope ~ (without plug-ins) ' 7Y £500
~ ADDITIONAL PLUG-INS FOR & 175A OSCILLOSCOPE 3 e R

‘ & 1751A Single Channel Amplifier 50 mc 50 mV/cm » £70

} &1752B High Gain Amplifier 30 mc (or 40 mc) ~§mV/cm (50 mV/cm) £125
®1754A Four Channel Amplifier ~ 40mc ~ s0mV/cm B B

: @ 1781B Sweep Delay Generator  offers four different sweep modes "Bl £125

dp 1782A Display Scanner for transferring CRT picture to x-y-recorder A
@ 1783A " Time Mark Generator supplies 10 usec, 1usec, 0.1 usec markers with 0.5% aceuracy €57
Prices are subject to change wnthout notlce sl b AN 2

, PACKARD

LIMITED

HEWLETT

®

DALLAS ROAD, BEDFORD, BEDFORD 68052

JUNE 1966 (®) 17

Headquarters in USA: Palo Altoi(Calif.)

European Headquarters:

Geneva (Switzerland)

European Plants: Bedford (England),
Béblingen (Germany)

ELECTRONIC ENGINEERING
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Series 390.

Thrust type solenoid for valve
operation.

Series 420 (A/C)
425 (D/C)

Miniature thrust type
solenoids.

Series 421-428,

A range of AC or DC solen-
oids in ‘U’ frames.

Series 5H73.

A compact AC solenoid of
laminated construction. Pull
or thrust versions available.

Series 575 & 576,

Heavy duty AC solenoids.
Pull or thrust versions avail-
able-

Series 684.

AC solenoids with high force/
size ratio. Pull version only.

RS.1014.

There are many factors to be taken into consideration when selecting a solenoid, including stroke, force required,
rating, response time and ambient temperature etc. As it is very important to match a solenoid to the duty it
is required to perform, why not let our Design and Application Engineers match your requirement from our
extensive range. If you require our catalogue, a sample, a quotation—our help in any way make contact with

Magnetic Devices now.

M.O.A.—A.R.R.E.—A.R.B. Approved Inspection
G.P.O. & C.E.G.B. Approved Suppliers

MAGNETIC DEVICES LIMITED
NEWMARKET ' SUFFOLK ' ENGLAND

TEL: NEWMARKET 3481 (10 LINES)
Grams : Magnetic Newmarket Teiex 81245

MANUFACTURERS OF RELAYS, TIMERS & CONNECTORS

ELECTRONIC ENGINEERING 18
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 Autronex

: gold plating
is available in

8 basic

- versions

r ... 50lving Smur problem
, might make it9

' In electronic components, a minute variation in usto change existing processes and create newones

requirements can create the need for a new gold as needed. Our ability to meet these needs has made
| plating process. That's why we have 8 distinct Autronex the most widely used process in electro-
’ formulations of Autronex®. Originally each was a nics throughout the world. If you're looking for a
response to a particular plating problem. Today, means of improving your precious metal plating
these same 8 basic formulations are meeting hun- let us know the details of your application require-
dreds of requirements. That's a major advantage of e

working with Sel-Rex, Our scientific approach allows

SEL-REX (U.K.) LIMITED
Subsidiary of Sel-Rex Corporation

689 Stirling Road, Trading Estate, Slough, Bucks. Telephone: 26649 Telegrams: Eesarex. Slough.

Sel-Rex
D

JUNE 1966 19 ELECTRONIC ENGINEERING
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what
do you look for

in an
oscilloscope?

ELECTRONIC ENGINEERING

...accuracy?
...reliability ?
...low cost?

20
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onlyroband combine precisionand reliability atsuch low cost

A
¢
'

= a

%

b £ TYPE 5 PLUGIN 0T ™"~
y s
VARIRGLE i
VOLTS/C™ @ H
. :
!

et O

a
- s
) 8
25D

- VARIABLE
L E voLTS/CM
* P,
B

- OSCILLOSCOPE TYPE R050 A

POSITION
STAR LT

» any
- am

@

2

GMATISM GRATICYLE

TRIGGER LEVEL
AuTO

—————— HORIZONTAL ———

' roband

-

on

! SUPPLV!
. s

the R050A is a superb instrument of consistent performance

ABRIDGED SPECIFICATION

Bandwidth:
Operating Modes:
Triggering:
Signal Delay:
Time Base:

Magnifier:
Accuracy:
Display:
Versatility :
Economy:

JUNE 1966

D.C. - 25Mc/s at 50 mV/cm (DC - 15 Mc/s at 5 mV/cm)

single and dual trace

advanced circuitry ensures triggering over complete bandwidth
permits viewing of leading edge of pulse

23 calibrated sweep speeds from 0-1 microseconds/em -

2 secs/cm

extends range down to calibrated 0-02 microseconds/cm

-+ 3% assured by stabilised EHT and power supplies

6 cm X10 ¢cm high brightness by use of 11:5KV on the CRT
ensured by a range of standard plug-in-units

prices range from £276-£330 according to choice of plug-in-unit

roband

Electronics Limited

Charlwood Works
Charlwood
Horley, Surrey
Crawley 20172

21 ELECTRONIC ENGINEERING
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DIGITAL MEASUREMENT
OF TRUE R.M.S.

Now optional to all d.c. DVM users

Accuracy, versatility, and soundness of construction set the Dynamco DM2140 apart from all other a.c.-d.c.
converter systems. Accuracy between 30 c/s and 3 Kc/s is 0.025%, f.s8.d. +- 0.075% of reading—not under special
conditions but for a full year’s use over a realistic ambient temperature range of 10-40°C. Versatility results
from plug-in modular design, and includes options such as mean measurement r.m.s. calibrated for sine
wave input, true r.m.s. conversion, and range extension to 1 KV r.m.s. Soundness of construction has been
confirmed for us by the military, who now include the DM2140 in their CT470 Set.

Ask for a full specification of the Dynamco DM2140 a.c. to d.c. system, designed to convert the world’s best
d.c. digital voltmeters into the world’s best a.c. digital voltmeters.

DYNAMCO Dynamco Instruments Limited incorporating Digital Measurements
Salisbury Grove - Mytchett - Aldershot - Hampshire - Telephone Farnborough 44422

ELECTRONIC ENGINEERING 22 JUNE 1966
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HIGH
PERFORNMANCE
1~-AVIP DIODE
FOR

HALF A CROWN

Made in bulk quantities in the U.K.
—a new high-performance 1 amp,
1000V subminiature diode, with
void-free injection moulded encap-
sulation, surge capacity up to 50A.
Applications are as endless as sup-
plies. Value is unbeatable at prices
down to 2/6d each.

Yet another addition to the world’s
most used range of semiconductors.

ExpIRience counts!
Full details available on request.

L2

INTERNATIONAL RECTIFIER - HURST GREEN - OXTED
SURREY - TELEPHONE OXTED 3215 EZ
TELEX RECTIFIER OXTED 85218 ?i?ow

ONAL
ji

ELECTRONIC ENGINEERING
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T 5

163 different

ELECTRONIC ENGINEERING

Mullard Zener Diodes

¥ 3-3t075V...0-28 to 75W
2 5% tolerance
¥ new low prices

Mullard silicon voltage regulator (Zener) diodes give you

4 5% voltage tolerances at prices normally associated with
tolerances of 4+ 10% or 20%.
In the wide Mullard range there are 163 different voltage/
power ratings—from 3-3 to 75V (E24 log-series values)

and 280mW to 75W. They exhibit sharp knee
characteristics, low dynamic resistance and low leakage

currents.

MULLARD RANGE OF SILICON VOLTAGE REGULATOR (ZENER) DIODES

*BZY9
*BZY93
0AZ222-0AZ223
BZY96
BZY95
BZY88
+BZY9%4

BZY78

Voltage Range

Power Rating

Encapsulation

10 to 75V
6-8 to 75V
5.6 and 6-2V
4.7 t0 9.1V
10 to 75V
3:3t09:1V
10 to 75V
5.3 typical

75W

20w

10w
1-5W
1-5W
0.4W
0-4W
0-28W

BZY91 series is capable of withstanding peak surges of 4-4kW for a 100us.

* Available with either normal or reverse polarities. t To be released shortly.

DO-5
DO-4
DO-4
DO-1
DO-1
DO-7
DO-7
DO-7

A NeW PUbhcation Every designer should have his

own copy of Mullard’'s new publication ‘Voltage Regulator (Zener)
Diodes’ which includes detailed considerations of voltage-stabilising,

voltage-shifting, voltage-clipping and other circuits. It's free...

just write to Mullard for your copy.

Mullard

Mullard Limited, Industrial Markets Division,

Mullard House, Torrington Place, London, W.C.1. LANgham 6633.

24
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Vacuum Products
Bulletin No. 4

Now-Another triode ion pump from
AEIl. Only £258 complete.

81037
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SOLARTRON

THINK
SOLARTRON

COUN1 COU i
l J!EMOTE HOLD IESOLV!

o ie:

—HSAMPLE 2

SET
DISPLAY /\o 3 26RO
AN S -
< L L 4
4 o

CURRENT

Integrating Digital Voltmeter LM 1420.2
measures d.c. voltages from 2.5 microvolts
to 1000 Volts with an accuracy of 0.05%..e.
+1 digit, at a maximum rate of 33 readings
per second. Maximum input resistance is
>5000 megohms, both input terminals
are fully guarded with an isolation imped-
ance of 10° megohms/150pf to earth. Com-
mon mode rejection is thus 150dB d.c. and
130dB a.c.

The integrating technique together with
optional 30dB filter gives 60dB attenuation
of input noise.

Detailed information will be sent on request
and Solartron Engineers are available to
discuss applications.

LM 1420.2 forms part of a comprehensive
range of instruments designed to meet
every laboratory and industrial application.
These include a True R.M.S. reading a.c.
Converter a Mean Sensing a.c. Converter
and a Digital Resistance Test Set.

An outstanding feature of the a.c./d.c. ver-
sions (shown right) is their completely
isolated inputs. AC common mode rejec-

ELECTRONIC ENGINEERING 26

tion as high as 60dB at 50 ¢/s is achieved.
The LM 1420.2 also forms the basis of a
low cost compact logger comprising 20, 50
or 100-Channel Scanning Units, Print-Out
Units and other Data Logging Modules.
Measurement in the Presence of Noise
Under practical conditions, noise interfer-
ence is one of the major obstacles to accur-
ate measurcment using a digital voltmeter.
The LM 1420.2 Integrating Digital Volt-
meter employs average reading, which
greatly reduces the effects of superimposed
interference and the instrument incorpor-
ates an isolated and guarded input circuit
to eliminate common mode noise. Isolation
is maintained even when an earth refer-
enced print-out device is used.

JUNE 1966




THINK
x SOLARTRON

N [THE

LOW-PRIC
DIGITAL VOLTVIETER

OFFERS...

B 2.5 microvolts — 1000 Volts d.c.

M 10 microvolts on top of 500 Volts
peak common mode —even with printer connected

A B 10 microvolts d.c. through
10 millivolts of noise

M 1 millivoltd.c.froma
100 megohm source impedance

B |ntegration minimises super-imposed noise
M 33 conversions per second

SOLARTRON

THE SOLARTRON
ELECTRONIC GROUP LTD.
P 2ottt DVSRT LN

! ) FARNBOROUGH, HANTS, ENGLAND
TEL: FARNBOROUGH (HANTS) 44433
= R X TELEX: 85245 SOLARTRON FARNBOROUGH
AC/DC Versions of LM 1420.2 o ohmez? ] CABLES: SOLARTRON, FARNBOROUGH
. LM 1420.2BA True R.M.S. sensing i SES=

LM 1420.2BM Mean AC sensing gcﬂEITn:E!‘éROGFELH:ROUP

M&P S22t
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HIGH PERFORMANCE

ALL AT LOW COST...

HIGH GRADE EPOXY RESIN ENCAPSULATION

HIGH QUALITY GLASS ENCAPSULATED DIODES

... SPECIFY HUGHES GARTRIDGE REGTIFIERS

HIGH VOLTAGE RECTIFICATION—SMALL PACKAGE

Max. Inverse Max. Reverse Max. Forward
e CPiiat | atiooma” A
25°C
1.0 BuA 2v 375 dia. x -5”
15 5uA 3v 375 dia. x -5”
2.0 BuA av 375 dia. x 17
30 BuA 6V 375 dia. x 1"
40 5uA 8v 5 dia, x 17
50 5uA 1ov 5 dia. x 15"
60 BuA 12v 5 dia. x 15"
7.0 SuA 14v 5 dia. x 2"
80 BuA 16V 5 dia. x 2”
90 SuA 18V 5 dia. x 2:5”
100 BuA 20v 5 dia. x 2:5”
120 5uA 24v 5 dia. x 3"
150 5uA 30V 65 dia. x 4”
180 BuA 36V 65 dia. x 5”
200 BuA aov 65 dia. x 5”
250 BuA 50V 65 dia. x 77
300 BuA 60V 55 dia. x 8”

HUGHES CARTRIDGE RECTIFIERS in their standard form are rated at
up to 30KV peak inverse voltage with forward currents up to 100mA.
The use of high grade glass diodes, welded interconnections, and epoxy

encapsulation, ensures a rugged, reliable component.

The lead-out wires of tinned nickel can be soldered or welded.
Special assemblies such as bridges, multipliers or different mechanical
configurations can be designed to suit special applications.

————— e e e ——

r
| HUGHES INTERNATIONAL (U.K.) LTD

L———————-———— T S — . —— T ——————— ]

GLENROTHES - FIFE - SCOTLAND
Sales Office: HEATHROW HOUSE, BATH ROAD, CRANFORD, HOUNSLOW, MIDDLESEX.

Tel: SKYport 9584/5, 9961/2

ELECTRONIC ENGINEERING

Telex: 23613
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FULL DETAILS OVERLEAF



cut panel height by 4024

The BETA Range of high voltage stabilised power supplies is a completely new
development from Brandenburg. Based on unequalled experience of high
voltage equipment, the new range combines Brandenburg standards of engi-
neering with new, exclusive features —and packs them into little more than
half the volume of previous designs but has twice the power.

CORRANNANUARKINNDNN | £ .8




Performance

Despite their compact proportions
the BETA Range Models
compromise with neither reliability
nor specification; they are high
quality, general purpose instruments
suitable for every industrial use
and many laboratory applications.
Ripple 0:-1%; Regulation 0-25%
at full voltage; stability against
+10% and —7+% mains is 0-1%.

L — ’
Acmg |

7

Models Available

Models 705 and 800 are outwardly
identical units, sharing the same
smart, economical styling. Model
705 gives 2mA at 1-5kV to 15kV;
Model 800 gives 1mA at 3kV to
30kV. They are built for rack
mounting but their clean, crisp
design makes them equally elegant
(and extremely practical) on

the bench




HERE'S HOW...

THE ELECTRONIC INDUSTRY 1S USING THESE TWO FAMOUS ULANO FILMS IN
ULTRAMINIATURE MASK TECHNOLOGY AND COMPLEX PRINTED CIRCUITRY

TM.

Cut a piece of the desired film

large enough to cover area to
masked. Tape it down firmly at
the top with dull-side up.

RUBYLITH" - AMBERLITH"

HAND CUT MASKING FILMS FOR THE GRAPHIC ARTS

ULANO RUBYLITH ... a revolutionary knife cut red
film is laminated to a stable transparent plastic
backing sheet. The red film is “light safe’’ so that
when contacted to a sensitized emulsion and ex-
posed to a suitable light source, light passes through
the cut-out portions only . . . not through the red
film. M The polyester backing is absolutely stable
...insures perfect register, ® Special effects such

ula

NEW YORK « CHlCﬁEIO » ZURICH

A wide variety of Ulano films—in rolls and sheefs—is readily available

610 DEAN ST.,, BROOKLYN, N. Y. 11238
In Europe: ULANO A, G., Untere, Heslibachstrasse No. 22

as crayon tones, paste ups, benday sheets, and
opaquing are easily combined with versatile ULANO
RUBYLITH.

ULANO AMBERLITH . . . a companion to Rubylith
serves as a color separation medium used as the
master on camera copy board to secure negatives or
positives.

Kusnacht, Zurich, Switzertand

lano’’<’Rubylith=" Amberlith’’ are registered trade marks af the Ulano Companies.

With sharp blade, out-
line the areas to be
masked. Do not cut
through the backing.
sheet. The Ulano
Swivel Knife does the
job quickly, easily.

hn .
Using the tip of the blade, lift up a

corner of the film thus separating it
from the backing sheet.

W

Now carefully peel off the film as
outlined leaving a completed mask,
positive or negative, that corresponds
exactly to the desired pattern,

WRITE TODAY
on your letterhead for free
special sample kit 1878

GLEAR FRONT
INDICATING INSTRUMENTS

WM Ne 1868

N

DESIGNED FOR

MOVING COIL, MOVING IRON

MODERN ELECTRONIC EQUIPMENT

Send for Descriptive Literature

AND
RECTIFIER TYPES

THE WEIR ELECTRICAL INSTRUMENT CO. LTD., BRADFORD-ON-AVON, WILTSHIRE Tel. 2044-5

EE 94 037 for further details
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faster to Jo'burg!

® From June BR551 All-Freight Britannias on Africargo services
©® Same day arrival Malta, Khartoum, Nairobi and Johannesburg
@ Capacity increased to 16 tons ® Fully palletised

@ Still1am Sunday from London

BRITISH

UNITED

2

Firm reservations: British United Cargo Unit
London (Heathrow) Airport Tel: SKYport 4111
PORTLAND HOUSE, STAG PLACE, LONDON SW1. TELEPHONE : VICTORIA 8121

JUNE 1966 (c) 33
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ANOTHER BRIGHT IDEA FROM M-O V

M-O V introduce the first Dual-trace mesh P.D.A. C.R.T.

M-O V's latest precision instrument C.R.T. is The new Dual-trace Tube has all these features:

the world's first dual race mesh PD.A. fube. 1 [/ Uef obar e ot gpis SR
This technique produces new standards in a pefiection blanking.

brilliance and sensitivity. independent astigmatism adjustment.

A rectangular flat-face tube, the 1300P extends = Useful scan (each trace)—6¢m x 10cm.

M-O V's wide range of dual-trace precision

Full overlap of traces.
A ; Rectangular flat face to save panel space 12¢cm x 9cm.
instrument C.R.T's.

Spot size 0.35 mm shrunk raster for a current of 5pA per beam,

This new tubejoins M-0V's otherdual-traceprecisioninstrument C.R.T.’stoform the widestrange of such tubes intheworld

SEC THE M-O VALVE CO LTD

Brook Graen Works + Hammersmith - London W6 - Tel. 01. 603. 3431 - Telex 23435

ELECTRONIC ENGINEERING 34 JUNE 1966
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DON’T READ THIS

IF YOU ALREADY USE COSSOR COMMUNICATIONS EQUIPMENT

If you do already use Cossor Communications Equipment then
you'll know all the tremendous advantages, and economies, that
clear reliable communication can bring to your work. If you
don’t, then why not contact Cossor for a complete survey of
your activities and recommendations for a system ?

Cossor have a highly skilled planning division and of course
the range of equipment covers every requirement from personal
pocket sets to UHF point-to-point links.

COSSOR MEANS COMMUNICATIONS

Cossor Communications Co., Ltd., , N4 N O
The Pinnacles, Elizabeth Way, Harlow. Tel: Harlow 26862. Telex: 81228. Cables: Cossor, Harlow. ‘j 0 s 5 (’ H

STAND G 207 I.E.A. EXHIBITION
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BRYAN

?avage

AC.Power Supplies
give you exactly
what you need

KM2N

Output Power
700 watts

Frequency Range
30 c/s-5 Kc/s

Distortion 0.1%
Voltage Stability
=+ 0.03%

PPA2.5

Output Power
2,500 watts
Frequency Range
50 c/s-10 Kc/s

Output Power
1,000 watts

Frequency Range
5 Kc/s - 100 Ke/s

Distortion 3% Distortion 5%

Regulation Output Voltage
1% 25-100 Voits

Full specification and details of other types on request

Savage A.C. Power Supplies are available for :-

B 1, 2or 3 PHASE

OUTPUTS OF

B 35 VA-35 KVA

FREQUENCIES OF

M6c/s —100 Kc/s

For Industrial applications and processes;
Research; Testing and Calibration

Our Engil will be pl

d to edvise on eli specific ems.
Write or ‘Phone to: 4 e

W. BRYAN SAVAGE Ltd.
Heath Works, Baldock Rd.,
Royston, Herts.
Telephone: 2412/3, 2424, 3466.

Telex: 81174

ELECTRONIC ENGINEERING
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THE
ULTIMATE

IN

MASS
PRODUCTION
COIL
WINDING

THE AUMANN
STAR WINDER

Not just one winding unit, but a combination of twelve separate
winding machines; — the Aumann Star Winder is the most
productive coil-winding installation avaitable today.

The Star Winder incorporates a rotating indexing table which
brings each unit in turn before the operator who merely removes
the finished coil and replaces it with an empty bobbin; (wire
terminations are automatic, and the wire is never handled). At any
time up to ten of the units can be winding simultaneously, while
it is also possible to operate them two or three at a time or even
singly.

A wide variety of automatic stations are available for taping,
cementing, soldering, or twisting, and the fitting of a simple
ejection and loading device can make the Star Winder completely
automatic.

The Aumann Star Winder is a product of the very highest standards
of precision engineering, and is backed by country-wide service.
For absolute details of the ultimate in coil-winding, telephone or
write to:

K

R.H.COLE ELECTRONICS LTD.

7/15 LANSDOWNE ROAD CROYDON- SURREY

TEL: MUNICIPAL aall

36
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LABORATOIRE DE PHYSIQUE APPLIQUEE — 12, RUE PASTEIIR — 82— SIIRESNES (FRANIIE) TEl 506.58-24
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TELEMETERING AND REMOTE CONTROL EQUIPMENT
ANTENNAS

50 AND 400 CPS STATIC INVERTERS

OPTICAL ALTIMETERS

SERVO-CONTROLS

DIGITAL TECHNIQUE

MAGNETOMETERS
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n E W M1310 12 INCH U.V. RECORDER

The M1310 U.V. Recorder incorporates many new
features PLUS SPEED RANGE OF 0.004 - 25,000
mm/Sec

This instrument offers you versatility
and reliability
at a very competitive price.

SOUTHERN INSTRUMENTS LIMITED Frimliey Road,
Camberley, Surrey. Telex 85249. Tel. Camberley 3401
Cables Minrak Camberley.

Close-ups of weliding tip In
position over work-holding
chuck,

Yacuum chuck above Is stan-
dard equipment. Mechanical

ULTRASONIC MICRO-WIRE BONDING

*
CLAMPING FORCE APPLIED
THROUGH ( MOUNT

TRANSOUCER

FORCE - INSENSITIVE COUPLER VIBRATION
MOUNT

¢
N
-

PIVOT MOUNTING
[TO WELDER FRAME

SONOTRODE TIP

4

WELDMENT

chuck below Is optional.

I

Lateral drive ultrasonic
welding system.

ANVIL

THE MOST ADVANCED WELDING TECHNIQUE FOR MICROCIRCUITRY

From transistors to integrated microcircuits Ultrasonics is a
proved production method for lead-wire bonding in mass
production.

Kerry's 20 w, W-260-A-welder combines within the one unit all
all components of wire feed, work manipulation under welding
tip, welder head operation and positioning.

Aluminium and gold wires, ranging in size from 0.0005 inch to
0.010 inch diameter, can be welded to both plain and metallised
surfaces of silicon and germanium, Copper, nickel, aluminium,
gold wires and ribbons can be welded to aluminium, nickel
copper, silver, gold, tantalum, chrome, nichrome, platignum and
molybdenum films on various glass and ceramic substrates for
micro-miniature circuit applications. Such junctions are free of
brittle, high-resistance intermetallic compounds, and are
characterized by low noise and low ohmic resistance.

EE 94 045 for further details
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* NO HEAT

* NO FLUX

* NO CLEANING

* NO PURPLE PLAGUE BY REPLACEMENT BY ALUMINIUM
WIRE TO SILICON BONDING.

OTHER KERRY ULTRASONIC WELDING EQUIPMENT
Ultrasonic spot, seam, and ring welding equipment Is available in a
range of sizes and models from 20 watt to 4,000 watt units.

London E.15 Phone: Maryland 6611

Al LW, asoni
'WA“ (Uttr nics) Ltd A member of the Kerry Group of Manufacturing Companles
FACTORIES AND LABORATORIES AT HITCHIN, HERTS AND BASILDON, ESSEX.

Broadway[KU 602

For literature and demonstration please contact
U - ¢
'édd&ﬁd V4 /m&/ﬂd{

Technical Sales Division Warton Road,
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Cut Piercing Costs 12/-t015/-in £1 on Short and Medium Runs
BRITISH

WIEDEMANN

TURRET PUNCH PRESSES

No more laying out or setting up.
No more costly special tooling. Use
the same standard tools for any
layout. Modify or change layouts
quickly, economically.

Model R 41P

With Rack Gauge Table.

Capacity 30,000 Ib.

Punches up to 33" dia. in -080” mild steel.
Throat depth 28”.

16, 18 or 20 tool stations.

e} 0 o e}
0 0 0
0 0 O 0 0 0
e 0.0 (Gl a(s) O e h 54” x 12” x §” mild steel. Three

standard tools. 40 hits. First
(o} o O | component 20 min. Additional
L, il BMNG o components 10 min.

There's a Wiedemann press for every short and medium run
piercing job-61 to 100 tons capacity:hand, power, automatic

SEE THIS MACHINE IN i@? DOWDING & DOLL LTD

OUR SHOWROOMS OR WRITE 17-27 GARRATT LANE, LONDON, SW.18.

FOR BROGHURE EE350 TEL: VANDYKE 0181(8 LINES) TELEX 23182 GRAMS: ACCURATOOL LONDON TELEX
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i

RLELRLL ARG

G K N mm The new GKN Dynaflow process is a unique combination

of cold extrusion with cold heading, for the making of intricate
parts. It cuts time, labour, material, cost; but it doesn’t actually cut the metal. The elimination of turning, milling and
other costly secondary operations results in a considerable saving and means improved grain flow. In the extrusion
stage, high reductions in cross sectional area are achieved ; normally 60% to 70%, but up to 90% in softer material,
and this coupled with the cold heading process can produce intricate and previously unforgeable products. GKN
Dynaflow can be used to make large heads (up to 35 unit shank volumes) ; shoulders; heads with collars;
screws in exotic materials ; multi-piece items. Extrusions can be round, rectangular, hexagonal or any shape desired,
and can be eccentric. GKN Dynaflow improves products Besides the extra strength derived from the grain flow
and the cold working, Dynaflow often gives improved surface finish over machined items. The procesé can be used
for both fasteners and other precision forgings in a wide variety of material. In a recent application GKN were able
to offer a component which saved 49% of the manufacturer's own cost. Dynaflow also improvéd the product and
eliminated surface finish quality problems. For full details or investigation of particular problems contact :

GKN Screws & Fasteners Limited, Heath St. Division, Automotive & Dynaflow Product Group. Box 24, Heath St, Birmingham 18. Tel : Smethwick 1441
s/oe/s000

ELECTRONIC ENGINEERING 40 JUNE 1966




Training Costs

[

Sy

Training Systems Limited are Programmed Learning
specialists who advise on the most efficient method of
training in the Electrical industry.

We create complete integrated training systems to suit
your needs.

We are already working for many companies to create
tailor made training systems. Programmed Learning
has been approved by The Central Training Council.

The coupon will bring you details of how our techniques
can help your business.

EE 94 048 for further details

Send to- Times House, Ruislip, Middlesex.
L e T |

esl group

Lies
ems
Limited

JUNE 1966
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ADCOLP ceurrment

Hlustrated

5 in. DETACHABLE
BIT SOLDERING
INSTRUMENT
Le4

POSITIONED [N
PROTECTIVE UNIT
WITH ACCESSORIES
L700

INSTRUMENTS WITH
THE CORRECT
SOLDERING
TEMPERATURES

ALL VOLT
RANGES
6/7 to 230/50
VOLTS

British & Foreign
Pats. & Reg.
designs.

For further information and full illustrated catalogue apply head office.

ADCOLA PRODUCTS LIMITED

ADCOLA HOUSE, GAUDEN ROAD, CLAPHAM
LONDON, S.W.4

Telephone: MACaulay 0291-3 Telegrams: SOLJOINT

LONDON S.W.4

ELECTRONIC ENGINEERING
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Providir\rg facn‘h‘tks for

Multi-channel trace records
on direct writing paper,
monochrome and colour
transparency film, tri-colour
and monochrome paper.

NEW
MINIATURE
REGORDERS

@® Minimum size
and weight

@® Quartz lodine
lamp—instant
warm up —

minimum current

consumption

@® Minimised ‘g’
sensltivity

@ 18 recording
traces

@ 70 mm chart

@ Sensitivity —
from 2 pajem

>
Response —

GRAPHICORDER *70" o Dc" tosw Ke
The Graphicorder ‘70’ is a high resolutlon, high precision, miniature,
multi-channel, galvanometer, oscillograph recorder designed for use
where high recording accuracy is required. The design of these instru-
ments is such that research engineers now have available a remark-
ably compact, reliable and convenient instrument capable of record-
ing accurately and economically in environments never previously
considered suitable for oscillograph recorders.
An extensive range of galvanometer elements, including those espec-
ially developed for flight, torpedo and vehicle performance recording
facilitates optimum system design whatever the nature of the
parameter or environment.

GRAPHIC INSTRUMENTS (Research) LTD.,

TROUT ROAD, YIEWSLEY. MIDDLESEXTel.: WESTDRAYTON 2892

PLASTIC

MOULDIN]

THERMO-SETTING THERMO-PLASTIC

ACTUAL SIZE

FREDERICK W. EVANS LTD.

Plastic Works, Long Acre, Birmingham 7.

Telephone: STD. 021 EASt 3071 (4 Lines)
EE 94 051 for further details
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Distortion

Marconi Instruments Type TF 1370A
WIDE RANGE

R-C OSCILLATOR

A new development
in versatile sine-wave/
square-wave generators

Please write or telephone for further information.
Also available-Signal Source Calculator (slide rule)

JUNE 1966 43
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® Sine-waves 10 ¢/s to 10 Mc/s
Square-waves 10 ¢/s to 100 kc/s

® Distortion less than 0.5% over
main part of range

® Decade frequency bands with
dual-ratio slow-motion tuning

® High outputs at 4 impedances
® Price — £275

@ Accessories include a triple impedance
unbalanced-to-balanced transformer, 1 kc/s
band-pass filter and x 100 attenuator pad

A GOOD NAME FOR GOOD MEASURE

MARCONI

INSTRUMENTS

Marconi Instruments Ltd., St. Albans, Herts., England
Tel: St. Albans 59292, Telex 23350

TC 283

ELECTRONIC ENGINEERING
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The Plessey man who sends you this letter ...

Behind every Plessey representative stands the most
comprehensive electronic-component capability in the
world. In the new Plessey Components Group there are

specialised Divisions, modern production plants,

development laboratories, 16,000 skilled employees, and
more than 40 years of experience. Plessey can meet
practically every component requirement for commercial,

industrial and military electronic equipment.

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

possible component reliability. Incomparable Plessey
test facilities include one of Europe’s most extensive and
up-to-date environmental laboratories. A separate research
centre, among the most advanced in Europe, has originated

many new components and materials. The expert from

Plessey will be happy to tell you about Plessey

components the next time he visits you. If there is a

particular problem you would like to discuss, or particular

components on which you want advance information,

just fill out the coupon below, and post it to Plessey.

For more information fill in and post this coupon
Please send me data on the Plessey components ticked below/l would like a Plessey specialist to visit and tell me about them

] air & plastic dielectric variable
capacitors

[ cast permanent magnets

[] ceramic capacitors

[ coil assemblies

0] cold cathode tubes

[ diffused silicon rectifiers

] dry reed relay inserts

[[] electrical connectors

[7] electroluminescent devices &
mimic diagrams

O slectrofytic capacitors

[} ferrite memory cores & matrices

[ filters

[[] infra-red detectors
[] loudspeakers

[ new subminiature rotary
switch

[] micro-alloy & micro-alloy
diffused transistors

0] miniature silicon rectifiers
[] number tubes

] elanar switching diodes
[[] preformed wiring

[] pick-up cartridges

[] rectifier stacks

D relays

D resistors & potentiometers

[ silicon alloys

[] solar celis

[] new rotary solenoid
[] sofid circuits

[] switches

[] tantalum capacitors
] tape decks

[] timing & regulating devices
[ transformers & inductors
[ transistors

[[] wound components

7] new printed-circuit connectors

D subminiature valves & neon lamps

[] valveholders & ceramic components

Name.

Tite.

Company___
Address.

Telephone.

@ cGie
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offers you 39 different categories of
electronic components.
Here are three of the newest:

New Sub-miniature Relay

Fully sealed and with a balanced armature and high
contact pressures, the new CF Refay operates from
—85°C to -+125°C. Twin gold-plated contacts make it
specially suitable for switching in low-level circuits.
Contact action: 2-pole changeover.

Contact rating: 3 Amps at 28 volts d.c. or 115 volits
a.c. 400 cfs 10% operations at 3 amps.

Standard coil values: 6, 12, 24, 48 and 110 volts d.c.
Weight: 14.8 gm max.

Size: 22,35 mm x 20.45 mm x 10.18 mm.

PLESSEY Components Group

New Approved Tantalum Capacitors

g

The ‘Castanet’ range of high stability low power factor
tantalum capacitors has recently been granted Type
Approval by the Forsvaretf Teletekniska Laboratorium
{military Electronics Laboratory Research Institute of
National Defence), Stockholm.

With capacitance values from 33-4701F their stability
is exceptionally high over the temperature range
—B5°C to 4-150°C and under certain conditions this
can be extended to —60°C to +200°C. A particular
feature of this range is the minimal change of
parameters experienced with orientation.

New Rotary Solenoid

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

The Plessey Company Limited, Kembrey Street, Swindon, Wiltshire. Telephone: Swindon 6211. Telex: 44180
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Pat - 410. .
mMono-block
connectors

with
closed entry
contacts

Designed to comply with D.E.F 5325 PAT. 110, these con-
nectors consist of one-piece Diallyl Phthalate moulding with
hard gold plated plug pins, sockef contacts, and beryllium
copper contact clips. Closed entry contact design eliminates
the risk of damage to the sockets by test probes. The shells
are of passivated cadmium plated steel and the covers
and cable clamps are of die-cast aluminium Grade LM6.

ELECTRICAL RATINGS Working voltage:750volts DC :

Current capacity: 5 amps max per contact

CARR [FASUENER @0 [

the firm with the best connections

ey |

uuuuuuuuuuuuuuuu

Stapleford, Nottingham Telephone: Sandiacre 2661
Sales Offices: Wembley, Sale

ELECTRONIC ENGINEERING
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the answer is

So many designers and engineers are finding HENGSTLER
Counters provide the answer to control problems today. You
are invited to send for a copy of our latest book which gives alt
the technical data and general information on our very advanced
units, assemblies and systems, Keep ahead with HENGS TLER.

Visit our Stand G50 at the
I.LE.A. Exhibition

r--------------

[ T
{ [ VI ] HENGSTLER co. .531-"; |
: GREAT BRITAIN LTD. ' I
| 9:‘3‘:‘.":‘-’.2!; \Engle:)l(lam ::ro:s 26166-7-8 'll =
1 I
| 1
INAME l
IADDRIéSSS I
] 1
i 1
L-—m----——————-—-——J
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Yes...and no. Both components have a fast snap action; both incorporate
silver contacts. They share the same compact, hermetically-sealed 14" by
# diam. glass envelope, and enjoy the same super efflclency, reliability and
low cost—but-—their functions are qulte different. .

Sylvania Magnetic Switch MS700 Series
Hermetically-sealed snap-action switches — activated
by permanent or electro-magnets — offering excellent
power handling at low cost. Contacts operate in a
vacuum, eliminating arcing, extending contact life and
providing environmental-free operation..

Contact Data

Arrangement : Normally closed, SPST-

Material : Silver

Rating : 3 amps at 120V ; 1-5 amps at 240V

Resistance: 60 milliohms

Operational Data

Life expectancy : 100,000 to 1 million cycles depending
on type of load

Switch speed : 4 milliseconds (including bounce)

Operating frequency: Up to 20 c.p.s.

Sylvania Thermo-Break Circuit Protector
SB600 Series

Hermetically-sealed snap-action circuit breakers —
activated by excess temperature or current— providing
the ultimate in snap-blade protection at low cost. Gas-
filed enclosure for fast thermal response and long
contact life.

Contact Data
Arrangement: Normally closed
Material : Two silver contacts ; one current-

carrying, temperature-sensitive
prestressed bimetal blade

Rating : Continuous currents of 10 amps
at 120V/240V ; fault currents at 28 amps
at 120V and 13 amps at 240V.

Breakdown voltage:  In open position 500V a.c. ; Thermal Shock Tested from 26"9 to 300°C within a
in closed position 1000V a.c. one-second period.
Temperature range:  ~54°C to 200°C Pressure Tested to 2,000 p.s.i.
For full details write to
f“ Thorn Special Products Ltd
‘; Great Cambrldge Road, Enfield, Middx. HOWard 2477
MM ‘ A member of the Thorn Electrical Industries Ltd group of companies P

“JUNE 1966
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The world:

oSt versatile
EONOIVES
- solndestare

The INTERCONTINENTAL PG-2 Pulse

Generator is extremely versatile, ideally

suited for a wide range of measuring

applications—from testing amplifiers,

radar, computers, memory cores, semi-

conductors, and A.C. coupled logic cir-

cuits to nuclear instrumentation. Panel

height is only 33”.

ADVANTAGES:

O Repetition rate 1 ¢/s to 16 Mc/s

O Single or double pulse

O Positive or negative and
complementary pulse

A 37271

ELECTRONIC ENGINEERING

O One shot pushbutton
O Adjustable offset, delay and width
O No duty cycle limitations

O Linear rise and fall times variable from
12 nanoseconds to 20 milliseconds

O DC coupled output
[ Adjustable trigger sensitivity,
threshold and slope

[ All solid state [ Price £380

The Intercontinental PG-2 Pulse Genera-
tor offers a combination of advantages
unobtainable hitherto in any other instru-
ment produced in this country.

48

Now that it is being made in England by
the Instruments Division of Claude Lyons
Limited, customers will, of course, bene-
fit in many ways—not the least of which is
the elimination of tedious duty-free
formalities.

A
CLAUDE LYONS LTD

Instruments Division, Hoddesdon, Herts.
Tel: Hoddesdon 67161 Telex: 22724,
76 Old Hall Street, Liverpool 3.

Tel: MARitime 1761. Telex: 62181.

JUNE 1966
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SO our
design engineers

went broody . ..

and
hatched out
a whole new family

of DAWE

digiral instruments!

Tall ones, short ones, fat ones, slim ones—modular construction explains the
family resemblance, those elegant good looks, those frank, open, easy to read
faces. It also explains the remarkably low cost (for example, the Type 920A
4 digit, 1Mc/s, Frequency Meter and Counter, £113) and the ease with which
modified versions can be made up to meet your individual requirements. For a
start the range consists of seventeen of the little beauties—counters, timers,
tachometers, ratio meters, frequency meters and multiple function units—but
like all proud parents we hope to add to our family from time to time!
Full details available from:—

INSTRUMENT _

EEE——  VVESTERN AVE., LONDON, W3 Tel: ACOrn 6751 " A member of the SM group of companies

JUNE 1966 (p) 49 ELECTRONIC ENGINEERING
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These two pages list,
describe and price the
entire current range

of Telequipment
oscilloscopes. Further
details of all the

items shown are given in
the new Telequipment
short form catalogue, a
copy of which will be
sent on request.

All prices apply to the
U.K. only.

the full scope of

TELE

SERVISCOPES *
1. S51A—see below
2. MINOR—the *Serviscope Minor—for audio
work, low frequency display and training pro-
grammes. £23 10s. Od.

3. S32A—portable *Serviscope capable of fast
pulse work normally expected only of far more
elaborate instruments. £78.

4, D52—a compact 5” double-beam *Serviscope.
Suitable for laboratory applications, yet simple and
robust enough for general and industrial use. £99.
5. Sb2—special purpose 5" *Serviscope for
applications involving phase comparison and
measurement. £120.

6. S32AR—an inexpensive ready-made instrument
for building in as a permanent monitor;
panel space in 19" rack. £90.

S 51A—portable *Serviscope, ideal for inspection,
production control, monitoring and training. £55, Also S51E
—educational version. £565, And S51T—special version with
d.c.X amplifier facility. £60.

JUNE 1966
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QUIPMENT

LABORATORY ‘SCOPES WITH A
COMMON RANGE OF PLUG-INS

7. D43R—a versatile ‘'scope system in standard 19”
rack-mounting form, occupying only 7“ of panel
space. £125 with type A general purpose amplifiers.
8. S43—portable laboratory ‘scope with choice of
six plug-in amplifiers. £98 with type A general
purpose amplifier.

9. D43—Accurate and versatile, with choice of
six plug-in amplifiers. High voltage aluminised
PDA tube for high writing speed £125 with type A
general purpose amplifiers.

10. D53—advanced laboratory ‘scope using the full
range of Y amplifiers described below. Signal and
sweep delay. Plug-in time base. Rectangular
double-beam mesh PDA tube giving superlative
readout. £225 with type CD Y amplifiers.

JUNE 1966
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PLUG-INS
INTERCHANGEABLE AMPLIFIERS FOR 43/53 SYSTEM

11. General Purpose, Type A—£18.
12. Differential, High Gain. Type B—£32,

Wide Band, Type G—£23. (Not illustrated).
13. Uitra High Gain. Type C—£27.

Type CD—£27.

14, Wide Band, Type H—£32,

Type HD—£32.

Envelope Monitor, Type D—£35. (Not illustrated).

A
&

200 ]

F‘z ¥ % : o, :l— ’.
a specialised oscilloscope -
and full range of accessories
15. D56—Advanced
instrument with a 5”
double-gun PDA tube.
Two identical time bases,
versatile triggering

facilities, calibrated
delay sweep. £295.

Ancillary equipment for the Telequipment range of ‘scopes
includes cameras, trolleys, probes, calibrators, etc.

*Serviscope is a registered trade mark.

| TeLeauirpmenT RS

Telequipment Linfited-Southgate-London N14-Telephone FOX Lane 1166

ELECTRONIC ENGINEERING
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What

happens
to Sintox powder

after 48 hours
at

temperatures
up to
1600 °C ?

. .. it becomes a unique engineering ceramics material

All Sintox ceramics start as a free-flowing  brazed assemblies. These factors, combined

powder. But no other material can match its
combined ease of initial formability and
ultimate hardness and strength. As an
unfired solid or liquid slip it can be moulded,
pressed, extruded, machined and threaded
easily. After firing Sintox has a hardness
surpassed only by diamond and a compres-
sion strength also among the highest of all
known materials. It has an as-fired dimen-
sional tolerance of +2% and can be
diamond ground within +0.0001". It can
also be combined in direct metal/ceramic

with an extraordinary range of additional
high performance properties—including
excellent thermal conductivity, the highest
dielectric factors, chemical inertness, total
impermeability, nuclear stability and RF
transparency—make Sintoxthe most impor-
tant engineering ¢eramics development in

the world.

Sintox ceramics are high-purity alumina compounds
produced in a variety of grades. They are sintered in a
critically controlled firing process at up to 1600°C.
Recrystallization occurs throughout the entire Sintox
body creating a uniform fine-grained structure of con-
trolled density. Ask for comprehensive technical data,

|
s I nt nx ...’only a diamond is harder’

ALUMINA CERAMICS

A PRODUCT OF @ SMITHS INDUSTRIES - RUGBY - WARWICKSHIRE

ELECTRONIC ENGINEERING
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Summary of Specifications:
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the complete line
of hp 690 series sweepers

Increased versatility with four independent sweep modes:

Start-Stop sweep — set end-points anywhere in the frequency range on slide rule scale.
Sweep up or down frequency range. Markers appear on rf output.

Marker sweep — expand any small area of the major sweep with independent marker
sweep function. End points set on error-free digital readouts.

Delta F sweep — a symmetrical sweep about a center frequency, useful for calibrating
narrow-band devices.

Manual sweep — permits detailed investigation of a localized area. Ideal for X-Y recordings.
Increased accuracy with PIN diode modulation in “D” models.

Amplitude and pulse modulation functions — including output leveling — are performed
through a precision PIN line. Complete isolation of BWO results in elimination of frequency
pulling and incidental FM. (All “C” models have grid modulation.)

Model Frequency Max. Leveled Frequency Price Model Frequency Max. Leveled Frequency Price
= Range Power Qutput Accuracy Range Power Output  Accuracy
691C 1-2 GHz =100 mW + 1% £1233 694C 8-12.4 GHz = 20 mW + 1% £1196
691D 1-2 GHz = 70 mW +10MHz £1367 HO1-694C 7-12.4 GHz = 10mwW + 1% £1310
692C 2-4 GHz = 70 mW. + 1% £1158 694D 8-12.4 GHz = 30 mwW +30MHz £1328
692D 2-4 GHz = 40 mW +10MHz £1291 HO1-694D 7-124 GHz = 15mwW +40MHz £1442
HO1-692D 1.7-4.2 GHz = 15mW +13MHz €£1405 695C 12.4-18 GHz = 40 mW +1% £ 1348
693C 4-8 GHz = 30 mW + 1% £1158 696C 18-26.5 GHz = 10 mW + 1% £ 1728
693D 4-8 GHz = 15mW +20MHz £1291 697C 26.5-40 GHz = 5mW + 1% £ 2488
HO1-693D 3.7-8.3 GHz = 5mW +25MHz  £1405

1801

HEWLETT

DALLAS ROAD,BEDFORD. Tel:
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 PACKARD

LIMITED

BEDFORD 68052

Headquarters in USA: Palo Alto (Calif.)

European Headquarters:
Geneva (Switzerland)

European Plants: Bedford (England),
Béblingen (Germany)
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NOW...

MICROWAVE
POWER FROM A
SINGLE DIODE

The gallium arsenide varactor has been long considered a
«conventional» microwave device. But now here’'s news of
an exciting new mode of varactor operation that will be of
special interest to microwave design engineers.

You can now get microwave energy from a varactor diode
using dc power inputs. Sounds impossible? It seemed that
way until Sylvania’s recent announcement of a new gallium
arsenide unit, the D-5540, a reverse breakdown oscillator
diode. Sylvania has named this varactor the MOD.
(microwave oscillator diode)

The MOD, the first diffused junction GaAs microwave diode
of its type, actually can generate microwave power in Ku-band
between 12 GHz and 14 GHz with 0.2 to 2 percent efficiency
with more than 1 mw output power. The unit is biased in the
avalanche breakdown region of the 1-V characteristics.
Sylvania is now making the D-5540 available in sample quan-
tities as an experimental device.

Va / X-BAND E-H TUNER
- TRANSFORMZT i X TO KU TRANSITION
K Bl 4 N
Q l s / KU-BAND wavE
& (== (A
” " o I IC /
tl f ) KU BAND
DETECTOR

/ DIODE UNCER
DIODE HOLDER = TEST

APPLICATIONS

Among the unit's known areas of application are local oscil-
lators for microwave receivers, low-power beacons, signal and
noise generators.

Test circuits used by Sylvania for rapid screening of diodes
for oscillation and for accurate output power measurements
and analysis are shown above. The test diode was driven by a
reverse biasing 60 Hz half-sine-wave voltage into the ava-
lanche breakdown. Oscillation of the diode was detected by
a crystal detector, the output voltage of which was connected
to the vertical deflection of an oscilloscope.

Horizontal deflection was supplied by the voltage
across the 1K series resistor. Voltage was pro-
portionate to the bias current of the diode. The
resulting display on the oscilloscope gave the
output power of the diode oscillator versus bias
current. The output power was displayed as
Lu_ngtion of V;, the bias voltage across the test
iode.

TENTATIVE CHARACTERISTICS

Breakdown voltage: 20-40V a -~ 10 ua

Total capacitance: 0.4-1.5 pf a O volts

Minimum output as oscillator: 1 milliwatt at
12-14 GHz.

Maximum power dissipation: 300 milliwatts.
Maximum reverse current: 10 milliamperes if
maximum Ppss is not exceeded.

Threshold current (typ): 5 milliamperes
(somewhat dependent upon tuning).

For further information ask about the Sylvania type D-5540
MOD diode.

Please contact the authorized Sylvania distributor in your
country or write to

SYLVANIA

SUBSIDIARY OF

GENERAL TELEPHONE & ELECTRONICS G’I:&E

European Head Office: 21, rue du Rhéne, Geneva, Phone: 26 4370, Telex: 22649, Cable: Intelgent
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1 /ll

English Electric Vacuum Variable Capacitors offer outstanding advantages over air dielectric
counterparts for all transmitter applications at frequencies up to 27 Mc/s. These advantages
include : mCompactnessll Low self inductance and stray capacitance @ Direct or remote control
m Low inertia and torque for servo tuning M Freedom from adverse dust and moisture effects
M Self-healing properties MLinear relation between shaft turns and capacitance® Any mounting
position MVoltage rating maintained under adverse ambient conditions®Minimal main-
tenance costs

The standard range employs shaft tuning but most types can be modified for axial pull tuning.
EEV will also consider other special design features and alternative capacitance values to suit
individual requirements not covered by the standard range. The Capacitors, as well as being
the ideal choice for new equipments, are particularly suitable for the modernisation of older
transmitters. For full information on all EEV Capacitors, including fixed capacitance types
contact Sales Office at the address below.

ENGLISH ELECTRIC VALVE CO LTD AGENTS THROUGHOUT THE WORLD EEV
CHELMSFORD ENGLAND - TELEPHONE: CHELMSFORD 53491 EXTENSION:: 318 TELEX: 99103
AP258
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dackie’s a regular pulse-stopper.

How many micro-seconds shall we put you down for?

Jackie works on delay line assembly at Lexor. She makes marvels of miniaturisation: precisely and reliably to specification, as
designed by the leading delay line engineers in the country.

“Not that any of us girls’-she says —mind the men taking most of the credit. But it’s fair to say that we’re delay line experts too.
How about working it in with the sign-off line f’rinstance?’

While we’re thinking about it, would you like Jackie to reserve some pulse-stopping time for you?

How many micro-seconds shall we put you down for?

Lexor Britain’s leading delay line engineers (and assemblers) @
LEXOR ELECTRONICS LIMITED Allesley Old Road, Coventry. Tel: 72614 & 72207
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A truly automatic
500 MH:z frequency converter

O Automatic frequency
measurement to 500 MHz.

O No tuning or interpolation.
O Automatic level-setting.

O Counter accuracy retained.
O sensitivity 100 mV.

O No ambiguity.

The Racal Auto Frequency Converter
type SA.565 affords direct,
automatic and continuous frequency
measurement to 500 MHz from
most 100 MHz counters. An entirely
new design concept eliminates
measurement ambiguities and offers
many unique advantages to

the research, development and
production engineer.

RIJA 105

Write for fuller details to:
Ra Qa/ resear ch and development Racal Instruments Limited
maintains world leadership in Dukes Ride, Crowthorns, Berks.
[y Tel: Crowth 2272[3 and 3763.
D / g / ta/ M easurement. : Teiex: ?476(: ZZb/es: //?az:/, Bracknell.
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provide a
comprenensive
service for
the design &
manufacture
of electronic
equipment &
components

e Mt it ain g o |

Whiteley Electronic Equip-
ment & Components are de-
signed and precision-built in
the Company’s own factories.
Every operation is strictly
controlled, every part is
vigorously inspected and
tested. Nothing is left to
chance— hence Whiteley's
enviable reputation.

WHITELEY ELECTRICAL RADIO CO. LTD

MANSFIELD - NOTTS ' ENGLAND Tel: Mansfield 1762/5
London Office: 109 KINGSWAY, W.C.2 Tel: HOLborn 3074

ELECTRONIC ENGINEERING
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Facit PE 1500 Tape Punch

EE 94 069 far further details

1
Computers

2

Data
transmission

3
Data logging

punched

tape output

up to 150 characters per second
) including tapes for TTS

Facit-Odhner Electronics Ltd.

Eastgate Court

Rochester Kent

Telephone: Medway (OME 4) 43485 & 43487
Cable: Facitroc Rochester Kent
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Primary Injection
Test Set

The REPLI-PRINTER

This illustration is typical of the 240 volt, 10 kVA equipment
having an output of 1000 amperes between zero and 10 volts.
A change-over switch allows zero to 240 volts from the
YARIAC control at a maximum of 10 kVA. The vernier
booster circuit permits adjustment to +10 volts at any
setting. Its versatility enables the testing of overload coils,

~TAVEROTa
Biasahaiani iy

also s and vol $ in conjunction with the usual
external meters.
With a separate p ial circuit included, either directional

or non-directional over current relays may be tested.

The Mark 1l
Model is now available,

re-styled and with a completely
new developing unit of the semi-dry type. It can
be sited in any convenient place without the drawback of ducting for NH,
extracti Paper speeds of 30 ft. per minute are smoothly controlled by
a YARIAC speed control unit backed by a 2 kW high pressure mercury
discharge tube fed by a constant output transformer. The diaphragm
pump maintains the correct level of developer; for cleaning, it is merely
necessary to substitute water. Safety thermostats take care of any
possible over-heating through extraneous causes.

Secondary Injection Test Set

A Current Injection Test Set for secondary injection testing of protective overload and
earth fault relays, designed to work with time interval meter. For use on 240 volts A.C,
giving 37.5 amperes at 20 volts for a time cycle of 15 minutes per hour. Current adjustment
down to 0.5 ampere. Potential circuit 0/200 voits, 2 amperes,

THE ZENITH ELECTRIC COMPANY LIMITED

ZENITH WORKS ° VILLIERS ROAD * WILLESDEN GREEN ° LONDON N.W.2
Telephone: WILLESDEN 6581/5 Telex: 261778  Telegrams: *VOLTAOHM, LONDON N.W.2”
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SODECO

Tahine

THE SPEED OF SIGHT —
THE SECURITY OF PRINT
NOW ON

CARD

When quality counts — specify SODECO

— Why take readings ? The count can be permanently printed on a card and if
desired on paper tape simultaneously

— Stapdard card sizes (3" or 7%}")
— Combinations of one to four channels and up to 20 single-decade elements

Full details are given in leaflet E111 or E112

Agents and licencees for Addresses of representatives in
The United Kingdom: other European and overseas
countries are available from

Landis & Gyr Ltd.

LANDIS & GYR B —{o )] Sa(o)

Tel. ACO 5311 1211 GENEVA 16 (Switzeriand)
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new 25 1n.

MAZDA
RIMGUARD

PICTURE TUBE

new size for
home & export

picture area
than
23 in. tube!

The new *MAZDA CME2501 (A65-11W) has been specially designed

to meet the Continental and Home demand for the 25" tube. It is

less than one inch longer than the popular 23" tube, but gives 45 sq. in.
more picture area. Light transmission is 42%, giving good contrast ratio.

EHT working voltage is 13-18 kV and the scanning power requirement _""{'I‘“Z:_°"‘"K‘E°|°“"i°a' Sl

similar to the 23" tube. The CME2501 brings you all the advantages Radio Valves & Tubes Limited
of Mazda Rimguard construction with its improved safety factor el

and lower maintenance costs through ease of cleaning. S

7 Soho Square, London W1,
*British MAZDA picture tubes are exported under the EDISWAN trademark. Tel: GERrard 5233

TA20
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V27

The fine reputation in both oleo-

resinous and synthetic

enamelled wires, of LEWCOS

among manufacturers of

electrical equipment justly reflects

the high standards observed in !

their production. The most |
modern machinery and the

latest techniques ensure the

I
continued leadership of
LEWCOS products.

ORI

THE

LONDON ELECTRIC WIRE
COMPANY & SMITHS L™

LEYTON, LONDON, E.10.

A member of the L.E.W, Group

SIMPLE MAGNETIC
eCOnomics BY

for holding light ferrous components—

With items of considerable length use-

1 MAGNETIC STRIP BULLETIN NUMBER ~ [M.29
OR MAGNETIC TAPE  suuenn NumBer  M1,70
For components with large areas use —

2 MAGNETIC TILES puiLeniv numeer  M1.49

and something entirely new

For indicating, planning and charting
(in 4 colours) use—

MAGNETIC PLANNERS suiieniv nuwser V.78
e e e

Full information, on request, from

JAMES NEILL & COMPANY (SHEFFIELD) LIMITED, NAPIER STREET, SHEFFIELD 11.
™M.32

EE 94 074 for further details
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STANDARD PARTS [

"For speedy deluvery of standard parts
manufactured by
The Carr Fastener Company Limited
~and F.T. Products Limited
the smaller quantity user should contact
United-Carr Supplies Limited. ‘

Stocks carried of the well-known range of

CINCH, F.T and DOT

Radio, Electronic and Electrical Components

UNITED CARR SUPPLIES LTD.

FREDERICK ROAD, STAPLEFORD. Tel. SANDIACRE 2349
DATA SHEETS ON APPLICATION

EE 94 075 for further details
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6:30WAYS
0.20PTCH

NEW BOY
(baptised in hell fire)

A bright, welcome newcomer to the UECL range—the series 635
connector. If only you knew what it's been through before emerging on the
market. Behind the closed doors of the UECL quality control laboratories,
a vast array of demon devices have been at work on it. Sheer torture. And
sheer torture was conquered by sheer perfection. Give the new boy a

big hand. Order him. Contact us today about this and our other products.
Please quote U27EE

ULTRA
ELECTRONICS

(COMPONENTS)
LIMITED

INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD * MIDDLESEX  Tel: WAXIow 5721/7 Telegrams & Cables: Connector Greenford, Telex: 263136
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O R S
.

TRANSISTOR
A.C.
MICROVOLTMETER

__

Can be used as an A.C. Voltmeter or A.C. Amplifier. The frequency
response extends from [cfs to 3Mc/s. Sixteen ranges are provided in 10dB
steps from 154V fs.d. to 500V f.s.d. with selection by a single rotary
switch which also has ‘Off** and *‘Read Supply’’ positions.

Ideal as an oscilloscope preamplifier as it has a low noise level, low micro-
phony, no hum and is independent of a mains supply.

TYPE TM3A

.

_____

VYOLTMETER RANGES

15uV, 50uV, 1504V ......... 500V .s.d. linear black meter scales.
ACCURACY

£ 1.5% £ 1.5% f.s.d. £ 154V at Tke/s.
dB RANGES

— 100dB to + 50dBin 10dB staps with red meter scale from — 20dB to + 6dB relative
to ImW into 600Q2.

INPUT IMPEDANCE
Above 50mV, > 4.3M( and < 20pF, from l¢/s to 3Mc/s.
On 1504V to 50mV, > 5M(2 and << 40 pF, from 100¢/s to 100ke/s.
On 154V to 504V, > 2MQ and << 50pF, from 200c/s to 20ke/s.

FREQUENCY RESPONSE
On “mV** and *“V"" ranges: 4 3dB from l¢/s to 3Mc/s. ?
+ 0.3dB from 4¢/s to 1Mc/s.
On 5004V: + 3dB from 2c/s to 2Mc/s.
On 150uV: + 3dB from 4c/s to [Mc/s.
On 50uV: + 3dB from 8¢/s to 500ke/s.
On 154V: + 3dB from 20c/s to 200ke/s.

AMPLIFIER OUTPUT
150mV at f.s.d. on the meter corresponding to a gain of 80dB onlthe 154V range. Out-
put may be connected to a load of 100kQ2 and 50pF with negligible loss of accuracy or
freq y resp as output imped is 10000 in series with 6.4uF.

MAXIMUM INPUT VOLTAGES
On 154V to 50mV ranges: 250V D.C., 100V A.C. up to 20 kc/s, 30V A.C. above 20ke/s.
On 150mV to 500V ranges: 750V A.C. peak plus D.C.

INPUT NOISE LEVEL
SuV r.m.s. maximum on 154V range with zero source resistance.
25uV r.m.s. maximum on 50uV range with 100k() source resistance.

INPUT COAXIAL SOCKET
Belling Lee L604 is standard fitting but BNC is available on requast.

SPECIFICATION

T i

POWER SUPPLY
Oncdtypo PP9 battery, life 1,000 hours, or A.C. Mains when a LEVELL Power Unit is
fitted,

SIZE AND WEIGHT
57 % 71" x 44", 4}lbs.

e

LEVELL

PORTABLE INSTRUMENTS

PRICE £49 OPTIONAL EXTRAS :
I8 o o Leather Carrying Case £4.10.0

¢ e with batte
a:t;nlir,\;ut lead. < A.C. Power Unit £7.10.0

complete range of portable instruments. Park Road, High Barnet, HERTS, Tal: Barnet 5028
AAREEE RGN
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Perfectly soldered in seconds!

. with Fry's specially designed FLOWSOLDER machine. The many

jomts on a printed circuit board are soldered simultaneously, simply by
passing through the crest of the FLOWSOLDER ‘wave'; completely
free from dross and oxide.
The FLOWSOLDER machine is very simple to use, easy to control,
giving a completely trouble-free performance; resulting in considerable
savings as unskilled labour can safely be employed to operate the
machine. For further details of this unique machine, please write or
phone for an appointment to see a demonstration to:

FRY’S METAL FOUNDRIES LTD - FLOWSOLDER DIVISION » WILLOW LANE - MITCHAM * SURREY
TEL. MITCHAM 22489

FRY'’S automatic soldering machines

HEAD OFFICE: - TANDEM WORKS - MERTON ABBEY * LONDON SW19 - TEL. MITCHAM 4023
AND AT MANCHESTER - GLASGOW - KIDDERMINSTER * DUBLIN

=
FSI2
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PHOTOGONDUCTIVE GELLS - SILICON RECTIFIER DIODES

Cadmium Sulphide and : P.R.V. from 200-1400V

CadmiunSelsnice . R.M.S. Input from 140-980V
R L e g 4% Current from 150-750mA

Sizes from 6mm to 29mm dia.

Prices

The above components are but a few of the wide range of Sanken Semi- from
1/6

conductors which are available from Photain Controls Ltd. Send today
—id each

for further details — samples available from stock.

PHOTAIN CONTROLS LTD

Randalls Road, Leatherhead, Surrey.
Telephone: Leatherhead 2776 & 5517.

47574

“LIGHTNING

ILF CERAMIC FERRITES

LIGHTNING BRAND HIGH FREQUENCY
CERAMICS ANSWER STRICT REQUIRE-
MENTS OF ADVANCED RADIO AND

H ELECTRONIC TECHNOLOGY

Indicator lamp No. (1) 1o ggnnvggcmc 10SS AT HIGH
i 2) ABTOITY 0 WITHSTAND EIGH

491, for fastening ) mmm B o

DITY
from front. (3) HIGH INSULATION RESISTANCE

MECHANICAL STRENGIE.
(&) BMALL COEFFICIENT OF EXPAN-
SION.
() rmm STABILITY UNDER
ARTOUS CLIMATIC connnmns,

VNDER VISRATION. IMPAGT
RADIATION CR CHEMICAT, REAC

#
TION, -
ION MADE WITHIN CLOSE
3A, 250~. ety ‘ /

Enquiries and orders are cordially invited. J

]]B CHINA NATIONAL INSTRUMENTS IMPORT & EXPORT CORP.
‘ - A SHANGHAI BRANCH
4153 Rei naCh,' Switzerland 27 Chung Shan Road, E.1, Shanghai. Cable Address: INSTRIMPEX Shanghai

EE 94 080 for further details EE 94 081 for further details
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MORE
FACILITIES
EASIER

TO USE
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Provides rapid mutual conductance measurement on more than
7,000 valves, British, American and Continental, with up to 12
pinsg and with a maximum power dissipation of 5 watts. Also
tests CRTs (Including colour TV tubes). New edge control circuit
selector switch connects any valve pin to any electrode. Checks
diodes and rectifiers for emission under normal working condi-
tions with a load test for high currentrectifiers. Tests each section
of frequency changer and other multiple valves separately for
mutual conductance and emission. Ten valve bases, including
Compactron and Nuvistor types; a B14E base accepts a range
of adaptors to cover any obsolete or new base not already
incorporated. Tests most CRTs without removing tube from
recelver with adaptor which can be supplied.

The pace of new techniques in electronic
equipmentimplies constant re-appraisal of
test capabllity.inthe new 45D Valve Tester,
Taylor research and continued develop-
ment offers an instrument as advanced as
the industry it serves, with more facilities,
Improved design and easier operation.
Write or telephone now for complete
Information.

IF IT'S TAYLOR MADE, IT'S CLEARLY BETTER

TAYLOR ELECTRICAL INSTRUMENTS LTD. Montrose Avenue, Slough, Bucks.

965/5/1

JUNE 1966

Phone : Slough 21381 - Grams: Taylins, Slough.
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JTAX-BALDWIN
A0TO-ELEGTRIC
A0 ot
ENCC

ROTAX'BALD
oDELmSERU‘? I
ACTURED BY: pc U
INSTRUMENTAT) .
WILLESDEN ;. 'y
LONDON,

M
MANUF

Low-cost Photo-electric encoders are more accurate
than mechanical types. They achieve high resolution
without the use of gears and so avoid backlash,
hysteresis and vibration problems. Of their type the
200 series are the smallest and most compact. m Low
cost m Trouble free m Long periods between main-
tenance. Readily available from stock. We offer you
the important economic advantage of being able to
choose from a wide range of codes (Gray, B.C.D.,
Sine etc). Why not contact Rotax?

TE2C P L - %
INSTRUMENTATION DIVISION

ROTAX LIMITED, INSTRUMENTATION DIVISION
WILLESDEN JUNCTION, LONDON, N.W.10. TELEPHONE: ELGAR 7777

ELECTRONIC ENGINEERING
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ALL IN ONE
HAND...

Small dimensions

Excellent electrical properties
Inexpensive

Constant voltage

Adjustable current limiting

Series and parallel connection possible

with the Philips D.C. regulated power supply,
type PE 4818 A 3 o

D.C. output voltage 0.2..35V
Load current 0..150 mA
Adjustable current limiting  6..180 mA
Stability < +0.2%by

+10% mains variations
Internal resistance < 03¢
Hum <1imV

Please request for datasheet EA4-U23

PHRIPS
-

PHILIPS

The M.E.L. Equipment Company Ltd.,
207 Kings Cross Road, London W.C.1,
Telephone TERminus 2877 %
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FERRANTI FIRST AGAIN

~ ONE MILLION MILLION OHMS

REVERSE IMPEDANCE
Silicon Planar Epitaxial Miniature Diodes
IMMEDIATELY AVAILABLE

$ SPECIAL FEATURES
@® Surface Passivated Structure
a @ Exceptionally Stable Forward & Reverse Characteristics
® Small Size
@  Negligible Leakage Current
@® High Conductance

APPLICATIONS
@® Magnetic Amplifiers for use at High Temperatures
@ Modulators and Demodulators

MAXIMUM
DIMENSIONS

RATINGS AND CHARACTERISTICS AT 25¢C . CONDITIONS

Max. Peak Inverse Voltage
Max. Mean Rectified Current v up to 75°C
Max. Reverse Current at P.l.V. A at T=25°C
Max. Reverse Current at P.LV. at T=150°C
Max. Forward Voltage Drop 2 | 1 K ! . d lg=200 mA
Max. Forward Recovery Time : - ( lg=10 mA

3 ' . Operating and Storage Temperature Range (All Types) -65°C to -+200°C
: ¥ * Typically 0-1 nA + Typically 100 nA » i
l l i l iA ; I FERRANTI LTD - GEM MILL - CHADDERTON - OLDHAM - LANGCS

First into the Future London Office Telephone: (01) VICtoria 6611 Telephone: (061) MAIn 6661

FE2TH
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Hermetically sealed all-plastic Operating Temp. - 20°C to 4-65°C L.E.l. Tantalum Capacitors
encasement. ~ 20°C to 4-85°C

Ultra-Small sizes. Extremely Low Dissipation Factor and Tantalum Foil 85°C per MIL-C—
Close Tolerance Dimensions. D.C. Leakage 3965/2/3/13 and/14

Lead spacing to +-.015" ;
Tantalum Foil 125°C per MIL-C-3965
High Reliability by cl lit i il
Ry Dy FlocejQuahiy ypes Rvaliaple Super Series 85°C Tantalum Foil

Control. Proven in the exacting

U.S. Market. Low Voltage Polar type Vertical and WighJokage TantalintilainBdil

Surprisingly low cost. Horizontal Mounting 65° and 85° Capacitors per MIL-C-3965

Fast Delivery. Low Voltage Non-Polar type Vertical Tantalum Wet Slug Electrolytic

Ratings 3V to 350VVDC and Horizontal Mounting 65°C and 85° capacitors per MIL-C-3965/4

Cap. Tol. to 100V - 209, -+ 100% High Voltage Polar type Vertical and Solid Tantalum Dry Slug Electrolytic
» 1507 350V - 209 + 50% Horizontal Mounting 65°C and 85°C Capacitors per MIL-C-26655/2

Callins International Limited Shannon Airport, Ireland.  Tel: Shannon 61449/61558

See us at the l.E.A. Exhibition at Olympia, London, from 23rd to 28th May, Stand No. 268

IN THE VAST FIELD OF

PRINTED GIRGUITRY ...

YOU GANNOT AFFORD
10 IGNORE

[J the low production cost of Milclad flexible printed
circuits made from the world’s widest range of Copper-Clad
Polyester and Polyamide substrates.

[J the availability now of Pre-preg glass apoxy and Milbond
polyester adhesives for all Multilayer designs.

[ the prompt delivery to you from stocks held in England
and Scotland of the finest quality and most generally
specified Glass/Epoxy, Paper/Epoxy, Paper/Phenolic, and
flexible polyester copper-clad grades.

OSWALD E. BOLL .vo

4A COMMERCIAL ROAD - WOKING *+ SURREY
Tel: Woking 61633

WOKING + ZURICH . PARIS . BRUSSELS - HAMBURG : MILAN

[J the interested technical sales and service team whose
advanced experience is available on call.

EE 94 087 fr f'unher details
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APPOINTED
STOCKISTS

=

NYLOG

GLEVELOG

BEDFORD Randalls Ltd.,
20-22 St. Mary Street, Bedford.
Telephone: Bedford 67468

BELFAST Kennedy & Morrison Ltd.,
12 Library Street, Belfast, 1.
Telephone : Belfast 30231 (5 lines)

BIRKENHEAD

Tom Wallace (Liverpool) Ltd.,
52 Cleveland Street, Birkenhead.

Telephone: Birkenhead 7891-2

BIRMINGHAM G. F. Bridges Ltd.
Humpage Road,

Bordesley Green, Birmingham, 9.
Telephone: Victoria 5511 (10 lines)

G. F. Bridges Ltd.,

Harvills Hawthorne, Hill Top,
West Bromwich.

Telephone: Wednesbury 1748

Thos. Millington & Co. Ltd.
Warstone Lane, Birmingham, 18.
Telephone: Central 8504-5

Telco Ltd., P.O. Box 213,
Wincaster Factory Estate,

Aston Brook Street, Birmingham, 6.
Telephone : Aston Cross 4828

BRISTOL

Woodberry, Chillcott & Co. Ltd.,
Atlas Street, Feeder Road, Bristol, 2.
Telephone: Bristol 70407

CARDIFF John Hall (Tools) Ltd.,
23 Churchill Way, Cardiff.
Telephone: Cardiff 22242 (7 lines)

DUNDEE George Boyd Ltd.,
13-15 Bell Street, Dundee.
Telephone : Dundee 26817

EDINBURGH George Boyd Ltd.,

24 Annandale Street, Edinburgh, 7.
Telephone: Waverley 4771 (5 lines)

D. F. Wishart & Co. Ltd. P.O. Box 74,
18 Picardy Place, Edinburgh, 1.
Telephone : Waverley 7481 (5 lines)

GLASGOW

Land Speight (Engineering) Ltd.

49 St. Vincent Crescent, Glasgow, C.3
Telephone : Central 1082-3

Stephens & Smith (Power Transmission) Ltd.

13 York Street, Glasgow, C.2.
Telephone: City 4051/2

George Boyd Ltd.,
140, Fielden St., Glasgow,
Telephone : BRIdgeton 1844 (10 lines)

HULL The Hull Factoring Co. Ltd.,
Bourne House

Anlaby Road, Hull, East Yorkshire.
Telephone : 36725 (3 lines)

FIRTH GLEVELAND FASTENINGS LTD

LEEDS Alder Hardware Ltd.,
Midland Road,

Balm Road, Leeds, 10.
Telephone : Leeds 75230 and 72724

LIVERPOOL

Tom Wallace (Liverpool) Ltd.,
Hope Street, Liverpool, 1.

Tel: Liverpool Royal 6401 (5 lines)

LONDON

Alder Hardware Ltd.,
Beaconsfield Road,

Springfleld Road, Hayes, Middx.
Telephone : Hayes 7766 (10 lines)

Lewis Hunter & Co. Ltd.,
Rippleside Commercial Estate,
Ripple Road, Barking, Essex.
Telephone : Dominion 82989

F. Miller & Co. (London) Ltd.,
Rectory Road, Acton, London, W.3.
Telephone: ACOrn 5201 P.B.X.

Telco Ltd., Alma Rd., Enfield, Middx.
Telephone: HOWard 1282

LUTON Randalls (Luton) Ltd.,
Selbourne Road, Luton.
Telephone : Luton 52351

MANCHESTER

d. A. Challiner & Co. Ltd.,

77-83 Downing Street, Manchester, 1.
Telephone: ARDwick 3221-2-3

MIDDLESBROUGH Macnays Ltd.,
P.O. Box 14, Middlesbrough, Yorks.
Tel: Middlesbrough 45111 (7 lines)

POOLE

dJ. R. Smith & Sons (Structural) Ltd.,
Hamworthy, Poole, Dorset,
Telephone : Poole 1300 (10 lines)

SHEFFIELD

The Needham Engineering Co. Ltd.,
G.P.O. Box No. 23,

Townhead Street, Sheffield, 1.
Telephone : Sheffield 27161 (10 lines)

SLOUGH

F. Miller & Co. (London) Ltd.,
Cambridge Avenue, Slough, Bucks.
Telephone : Slough 25511 (10 lines)

STOCKPORT Delson & Co. Ltd.,
Newby Road, Hazel Grove Ind, Est.,
Stockport, Cheshire.

Telephone : Stepping Hill 1498 (3 lines)
TEDDINGTON H.S.S. Ltd,,

25 Church Road, Teddington, Middx.
Telephone : Teddington Lock 4441-5

WATERLOOVILLE H.S.S. Ltd.,
Jubilee Industria & Trading Estate,
Waterlooville, Hants.

Telephone : Waterlooville 52941/2

Treforest, Pontypridd, Glamorgan Tel: Treforest 2211
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NYLON INSERT
SELF-LOCKING NUTS

ALL-METAL ONE PIECE
SELF-LOCKING NUTS
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e for the ELECTRONIC INDUSTRY (and Elecisical Appliance Manufacture)

Frequelex—for high frequency insulation.

Refractories for high-temperature insulation.
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Meticulous care in manufacture, high quality material, B u I_ I_E Rs I_I M IT ED

with particular attention applied to dimensional pre-
cision and accuracy, explain the efficiency and ease of
assembly when using Bullers die pressed products.

Milton. Stoke-on-Trent, Staffs.

Phone: Stoke-on-Trent 54321 (5 lines)

Telegrams & Cables: Bullers, Stoke-on-Trent
Werite today for detailed particulars, London Office: 6 Laurence Pountney Hill, E.C.4.

1 Phone: MANsion House 9971
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Eddystone Radio specialise in the manufacture of
communications receivers and have, over the years,
gained a high world-wide reputation for the excellence
of their products. The diverse range of models offered
fall into various categories and naturally there are
variations in the capabilities of one receiver compared
to another, according to frequency range, price class
and the applications envisaged, with the advantage
that most requirements can be met.

The total frequency coverage encompassed is

extremely wide—no less than 10 kc/s at one end (in the
850/4) and 870 Mc/s at the other (in the 990S). Some
receivers use valves, others transistors, and a high
engineering standard is maintained throughout. Other
common features are good performance, robust
construction and reliability.

A typical example is the Eddystone 990S receiver,
which is a recently introduced model for VHF/UHF
operation. It can be used separately or as a complete
panoramic receiver,inwhich form itisillustrated below.

Eddystone EPR 29
panoramic receiver

A combination of the 990S receiver and the EP17R
display unit, with the necessary accessories. The
receiver is transistorised and gives high performance
from 230 Mc/s to 870 Mc/s, divided into two ranges,
with clear direct-reading scales. FM, video and AM
modes of operation are catered for. The display unit
operates on the IF output of the receiver and has a
maximum scan of one megacycle, with excellent
resolution and other characteristics.The whole forms a
versatile compact equipment having manyapplications.

Eddystone Radio Limited

Eddystone Works, Alvechurch Road, Birmingham31 Telephone: Priory2231 Cables: Eddystone Birmingham Telex: 33708
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COUTANT INTO EUROPE

Now Coutant Electronics moves into Europe—not just in one
or two countries, but right across the Continent you can talk
to (and buy direct from) an accredited Coutant Agent—from
Helsinki to Lisbon. Further afield you will find CEL agencies
in Australasia and in the U.S.: more fo be appointed soon!
FIND OUT NOW ABOUT COUTANT PRECISION PACK-
AGED POWER FROM YOUR LOCAL AGENT—

BELGIUM: S.A. Gentronics, 80, Chausse de Charleroi, Brussels 6
FINLAND: Oy Control ab., Hitsaajankatu 5, Herttoniemi, Helsinki 80
FRANCE: S.E..N.A,, Rue d'Aguesseau 16, Boulogne-Billancourt, (Seine)
GERMANY : Omni Ray, G.m.b.H., 8 Munchen 19, Nymphenburger Strasse 164, Postfach 25
HOLLAND: Air Parts International N.V., Electronics Dept., Ryswyk (Z.H.), Haagweg 149
ITALY: Applicazioni Elettroniche S.p.A., Viale Monte Grappa 14, Milano
PORTUGAL: Rualdo Lda., Rua de S. Jose, 9-15, Largo da Anunciada 19, 1, Lishoa 2
SWEDEN : ab Elektronik Enheter, Torogatan 24, Enskede

SWITZERLAND : Omni Ray, A.G, Dufourstrasse 56, 8008 Zurich

SOUTH AUSTRALIA: W. E. Beveridge & Co., 204 Cross Road, Unley Park, Adelaide
U.S.A.: Dentronics Inc., 60 Oak Street, Hackensack, New Jersey 07601




COUTANT FOR PEAK PERFORIVIANCE

Coutant Electronics’ modular power supplies are built with pre-
cision, embody the most advanced design techniques and offer
B you unequalled reliability even when operated continuously at
ol elevated temperatures. A typical specification is given below—
and these figures are often bettered substantially in production.
For VA per pound weight and VA per cu. in. COUTANT specs L
lead the field. e

Jeet

BSWHOITIN —~ 3ONYQIdWI 1NLINO

COUTANT for the widest choice

Manufacturing more than 70 different models of power
supply unit COUTANT offer the widest and highest
performance range in Europe. The ‘E’ Series offers from
1-amp to 2x30A in 19 versions—7 of which cater for
5-14V output needs. There are 23 standard modules in
the high-temperature rated ‘K' series—and there are
unstabilised versions too. Whatever your application
area, there is a COUTANT supply unit to give you'best
value for money. NOW—VARIABLE UNITS TOO'!
Recent additions to our range include variable lab.
supply units in bench or modular form: current and
voltage variable—sub-units remotely programmable and
ideal for systems work. FILL IN THE COUPON NOW |

typical basic specification

SINGLE 2 AMP UNIT

STAB. RATIO O/P RESISTANCE RIPPLE p-p o/p l'lxlol’kECI)ANCE
c/s

<5000 : 1 <0.002Q <2000V <01Q

(<0.0005Q
ABOVE 5A)

CDUTANT ELECTF!DNICS LIMITED

TRAFFORD ROAD
RICHFIELD INDUSTRIAL ESTATE ¢« READING ¢« BERKSHIRE
Tel: READING 55391-5

electrotech mstru ments lelSlon
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Sub-Miniature Switches

- For Your Every Application

Hi-Quality

MRY-106 MRT-22

Best Choice for Your Requirements

TYPE | MODEL | CIRCUIT [ CAPACITY | CIRCUIT ARRANGEMENT|  TYPE MODEL | CIRCUIT | CAPACITY | CIRCUIT ARRANGEMENT
$-2012 | SP.DT |10A.125V.A.C.| ON-ON mki::gnswy SM-1 | SP.DT | 3A.125V.A.C.| ON-ON {momentary)
S-2013 | SP.DT | 5A.125v.A.C.| ON-OFF-ON
$-2022 | DP.DT |10A.125V.A.C.| ON-ON MRT-22 | DP.DT | 6A.125V.A.C.| ON-ON
Toggle $-2023 | DP.DT | 5A.125V.A.C.| ON-OFF-ON MRT-23 | DP.DT | 6A.125V.A.C. | ON-OFF-ON
Switch $-2025 | DP.DT | 6A.125V.A.C.| ON-Mom. ON ROthvitch MRX-108 | 1 pole | 1A.125V.A.C. | usable position 1-8
S-2042 4P.DT |10A.125V.A.C.| ON-ON MRX-204 | 2 poles | 1A.125V.A.C. | usable position 1-4
$-2043 4P.DT | 5A.125V.A.C.| ON-OFF-ON MRY-106 | 1 pole [ 3A.125V.A.C.| usable position 1-6
: Push-Button | SE-2011 | SP-DT | 5A.125V. AC.| ON-Mom. ON
Power Relzg L By 01 ETCOTR P BEFEtOU: A6, g (Five:ini B SB-2061 | DP.DT | 6A.125V.A.C.| ON-Mom. ON
UMR-3P | TP.DT | 2A. 200v.A.C.] ON-ON {Plug-in) $B-2085 | DP.DT | 6A.125V.A.C.| Push ON Push OFF

Write for free catalogue

Main Products: NIHON KAIHEIKI IND. CO., LTD.

Toggle Switches, Push-Button Switches, Rotary Switches, Address: 1-5-14, Minami-Magome, 0ta-ku, Tokyo, Japan
Micro Switches, See-Saw Switches, Relays, Motor Tel. Tokyo (772) 3181-5

Timers, Rotary Selectors, ‘Etc. Cable Address: ““NIKKAIELECTRO" TOKYO
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TYPE PS300
100-5,000 Volts at 20mA, floating
Small size 0:005% stable for 10% supply change

Ripple less than 20mV peak to peak
Competitive price 100 ohms output impedance

Overload trip

JUNE 1966
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Mullard components
for Television, Radio & Audio

world famous wo.rld proven
performance reliability

Many of the world's leading manufacturers of radio, television and audio equipment are users of
Mullard electronic valves, tubes, semiconductors and components. They are served by an international
network of Mullard companies, agents and distributors, supported by a complete technical information
and advisory service.

There is almost certainly a distributor in your own country even if he is not included in the short list on
the opposite page. Please write to us for details and let us know in which field of electronic applications
you are particularly interested. We will, in any case, be pleased to see that you receive the Mullard
Bulletin, which will keep you informed of our latest developments.

B e — =
B S

Mulla.rd — makers of Britain’s most comprehensive range of electronic components
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world wide
availability

A short list of important Muilard overseas
companies and agents. For information about
distribution in other countries, please write to
Mullard Limited, London, atthe address below.

AUSTRALIA
Mullard-Australia (Pty) Ltd.

Sydney
Tel: 29-2006

DENMARK
Mullard A/S

Bagsvaerd
Tel: 982666

ITALY
Britelec S.r.L.

Milan
Tel: 6882 194

NEW ZEALAND
Electronic Development and

Application Co. Ltd. Wellington C3
Tel:54-039,54-130

NORWAY
E.Borge Haga A/S

Oslo 5
Tel:38 0380

RHODESIA i
Rhodesian Electronics (Pvt)Ltd

Bulawayo
Tel: 64477

SOUTH AFRICA
EDAC (Pty) Ltd.

New Doornfontein
Tel:24-2047

WEDEN
?vensEa Mullard AB

Stockholm No.
Tel: 08/67 01 20 Vaxel

Muliard Limited

Torrington Place, London WC1
Telephone: LANgham 6633
Telex:22281

Cables: Mullectron London WC1

JUNE 1966
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YOUR
PICK!

There are more than 200
different types of solder and
solderless terminals,

tags and clips to

choose from in the

famous COLLETT range.

The COLLETT *‘small
quantity’’ service is
particularly valuable to the
development engineer.

Small boxes of 100 or even 10
of any type of terminal can be
ordered from stock. And

if none of the standard range
is suitable, COLLETT will
make up ‘‘specials’’ to meet
your own requirements.

Send for fully illustrated catalogue
and price list today.

COLLETT TERMINALS

347/349, GOSWELL ROAD °
LONDON, B.C.1 - TERMINUS 2584

ELECTRONIC ENGINEERING
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Epsylon have spent many years perfect- magnetic
ing the development and production
techniques of magnetic recording heads,
and the new Series 3 units consequently heads by
set new standards in scientific and

industrial recording fields. @ EPSYLON

Ask for details of our complete range. INDUSTRIES LIMITED

Epsylon magnetic recording heads offer Faggs Road, Feltham, Middlesex, England
outstanding performance and quality at Almagpensline Telephone: FELtham 5081/5
very competitive prices.

recording

ELECTRONIC ENGINEERING JUNE 1966
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tectronic People
make contact with
MEMurdo

Adventurous designers with down-to-earth practicality choose McMurdo
plugs, sockets and connectors for their reltable performance, quality of
construction and budget-conscious prices. If You've got your eyes on a
bright future, you'll find the McMurdo data sheets will provide the fuel to
put your plans in orbit. If You're a holder of the ELECTRONIC ENGIN-
EERING INDEX, see Lj400 for Connectors and Lj470 for Valve Hoiders.

The McMurdo range includes: CONNECTORS-—rack and panel, line and
jumper, printed circuit and audio range, VALVE HOLDERS-—Plug-in
relay sockets, Decal 10 pin valve holders. Transistor Sockets, Crystal
Sockets. VOLTAGE SELECTORS.

ELECTRONIC COMPONENTS

THE McMURDO INSTRUMENT COMPANY LIMITEO
RODNEY ROAD - PORTSMOUTH - TEL 35361 - TELEX 86112
NORWAY J. M. Fairing A/S, Lilletorvet 1, OSLO

PERU Estemag Peruana S.A., P.O. Box 2838, LIMA

PHILIPPINES C & C Commercial, P.O. Box 2419, MANILA

ELECTRONIC ENGINEERING
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STRAIG HTFORWARD
P.V.C. DUCTING.

CANNON MICRO
MINIATURE CONNECTORS

Circular, Rectangular, Strip Connectors,
Contact densities up to 420 per sq. inch.

cGannon E.Iegtrit ——
e ‘cmou

Basingstoke, Hants.
Tl Bnsimgetore Si = PLUGS
Registered Trademark

CANNON

Closed slot construction
ensures that “Betaduct”
has maximum rigidity, and

a true, simple, snap-action

cover. MICA

PLASTIC FiLtM

Sizes from 3" x 3” t0 3" x 3” CERAMIC

SEND FOR FULL DETAILS
AND PRICES. ELECTROLYTIC

CRlTCHI.EY BROS. LTD.

BRIMSCOMBE - STROUD - GLOS.

METALLISED

THE
CAPACITOR
SPECIALISTS

MOULDED

f LONDON ELECTRICAL MANUFACTURING COMPANY LIMITED
Tel: Brimscombe 2208 (3 lines) S1 Bridges Place. Parsons Green Lane, London S.W.6. Tel: Renown 7071-6
TELEX 43194 Tas/iem 2

EE 94 102 for further details
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SOIld advantages. Stainless steel fasteners, immune to
corrosion in most applications, may cost a little more — but in the end they
are the most economical. They last and {ast, with no need for inspection or
maintenance. Even physical damage does not affect their corrosion resistance,
and they leave no rust marks when they are removed.

No more difficult decisions—with stainless steel you can be sure of good
performance. Stainless steel fastener prices are more stable than most; and
stainless steel fastening is a potent sales point in itself for all goods sold to
the pubilic.

A full range of G.K.N. fasteners is available in stainless steel — Socket
Screws, Self-Tappers, Wood Screws, and many others.

GKN SCREWS & FASTENERS LIMITED

Heath Street Division, Box No. 24, Heath Street, Fredk. Mountford (Birmingham) Ltd., Fremo Works,
Birmingham 18. (Smethwick 1441). Moseley Street, Birmingham 5. (Midland 7984).
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MORGANITE RESISTORS LIMITED
A Member of The Morgan Group of Companies
1s proud to receive
THE QUEEN’S AWARD TO INDUSTRY
in recognition of

1ts export achievements
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new Filmet* .
high stability metal film resistors

The consistent reliability of ‘Filmet’ metal film resistors has been still further improved
by radically new manufacturing methods. Filmet resistors are now being made in our
new ‘clean’ building which reduces chances of microscopic contamination to an absolute
minimum. To this is added an uncompromising attitude to quality control which means
that 1009, inspection is carried out at every stage of manufacture.

Two basic versions of the new Filmet resistor are being made, the FC series is con-
formally coated with epoxy resin and the FM series is protected by multiple epoxy

. coatings with a hot moulded outer case. The multiple coated version of the resistor is

designed to surpass the requirements of DEF 5115 Style RFG7.

A range of sizes is available covering power ratings up to 1W at 70°C and resistance
values from 60 to 2.2MQ. The new Filmet resistors can be prodiced to a tolerance of
0.19% and temperature coefficients of 4+ 15 p.p.m. can be obtained.

*Filmet i3 a registered trademark of Morganite Resistors Limited

Morganite electronic components are 2'steps ahead

new cermet _
trimming potentiometers

Morganite now offer a range of industrial, professional and military components
employing the latest techniques in the manufacture of metal glaze potentiometer
tracks developed by the leading U.S. mapufacturer of cermet products.

The cermet resistance element is a composition of precious metal and glass which is
screen printed and fired on to a ceramic substrate. The element is immune to catastro-
phic failure and can operate at high temperatures. This enables relatively high power
ratings to be achieved in components of extremely small size.

The hard smooth cermet track provides essentially infinite resolution and is impervious
to atmospheric corrosion or oxidation. This ensures easy resetting and electrical
stability throughout the long working life of the potentiometers.

Cermet trimming potentiometers are available in selected values from 10Q to 2MQ
and in linear and rotary form.

actual sizes

- ¢ Morgan

For details of these new professional components please write to:—

MORGANITE RESISTORS LIMITED

Bede Trading Estate, Jarrow, Co. Durham. Telephone Jarrow 897771. Telex 53353

JUNE 1966
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CAL COOLING
e by C&N

'BLOWER UNIT BL35

Designed for the 19” (482.6 mm) pane! user for the ventilation of elec-

tranic cabinet and rack assemblies. The BL35 has already proved
itself to be one of the most efficient low assembly cost blower
units yet made. It is mounted on a standard 19" x 5}" panel with
an overall depth of 53”. Chrome plated Dee handles are fitted
and the front panel is finished in Dark Grey stoved enamel. The
air delivery can be vertical or top and this change can be
effected quickly. It is also made to become a vital part of the
7500 system. The BL35 Blower Unit is essential for the proper
maintenance of delicate scientific instruments and fully repays
its cost. Can we send you details to meet your requirements?

C &N ELECTRICAL LTD

THE GREEN, GOSPORT, HANTS TEL.: GOSPORT 82391/9 TELEX: 86121

HEAT SINKS
-~ for T05 & TO18

Positive contact heat sinks for TO5 and TO18
simplify cooling problems, transistor choice and
circuit design.

Made of two part threaded construction the
heat sinks are designed to grip the weld flange of
the transistor—the area of maximum heat gener-
ation; variations in can size do not affect thermal
performance. Insulated versions with identical
thermal characteristics are available, each tested to

oY 500 VDC.
S l 97 JERMYN heat sinks cut development and

80 s production costs, increase transistor life, improve
& ;a[ stability and save space.
g 60L&
Eihag JERMYN
g 40 |
2l o e | Jermyn Industries

/4 W Vestry Estate Sevenoaks Kent
0 } Telephone Sevenoaks 56838-48

waotts 0 ] 2 3 4 Manufacturers of every conceivable transistor accessory

and stockist distributor for General Electric (U.S.A.)

EE 94 107 for further details
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ADVANTAGES

Curve below shows response

Fantastic space saving ‘g ‘;g; Ialsd:r ftill,ter ty{’j T{;,m
Excellent stability with time and temperature oy t.’act:re e
Single or multiple resonant units =
TYPICAL SPECIFICATION Do A\
Centre Frequency 300 to 600 kc/s+ 2 kefs 8 A 6 \ / 20- 9k
Bandwidth 2 to 45 ke/s at 6 db -y \ /
Insertion Loss 1 to 15 db (dependent on B/W) z 22
Impedance Either 1200 or 1500 ohms in and =Y
out, dependent on B/W o
Case Size 8 mm diameter e Sy
38 mm long % 20
Operating —40°C to 85°C E 5
Temperature Range < vy T
Shape Factor 60/6 db 1.3:1to0 2.6 : 1 Dependent on B/W Py et o e e
FREQUENCY IN KILOCYCLES/SEC

E
3 15k 3
3 °
¥2 22 CERAMIC kg gaak
< <
F 1%in 4l . FILTER 4
SIZE e
This illustrates the typical dimensions 22007 ¢
for a ladder fllter. The case Is a plated 22k$ 470 2.2k $ 470
brass cylinder with glass end seals and G i a 1 |
. . d pigtall leads. A1% inch length will provide =
sufficlent volume to give 80 db stop band 23
Keep your eye on Brush

rejection.

sc) BRUSH CLEVITE...... cuvee

BRUSH CLEVITE COMPANY LTD HYTHE SOUTHAMPTON

PHONE HYTHE 3031 GRAMS BRUDEV HYTHE SOUTHAMPTON TELEX 47687
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Plessey can
solve your

: BREGRERERERAEN
BEEQCCCECOEECELD

memory store
problems...

Because Plessey, leaders in the field of
computer memory stores, have the facili-
ties, know-how, problem-solving experience
and staff to tackle any application.

* Plessey leadership in computer-requirement knowledge
starts with the experience of engineers who design stores
for all applications with the assurance that the production
teams can cope with the complex technicalities involved.

* Plessey Research and Development has produced a
complete. range of ferrite square-loop cores from ‘080" to
*020” dia., covering switching times down to 1usec as well
as low drive, wide temperature cores for special systems.

ELECTRONIC ENGINEERING
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* Plessey production faciiities cater for all types of applica-
tions whether the requirement calls for a specially designed
‘one-off’ unit or large quantity production.

% Plessey leadership in test equipment installations
guarantees that the unrivalled experience of ail concerned is
concentrated into the finally despatched stores, whatever
the specification,

Whatever your requirement for computer memory stores,
contact:

The Plessey Company Limited,

Dielectric and Magnetic Division,

Wood Burcote Way, Towcester, Northamptonshire.
Telephone: Towcester 312. Telex 31628

PLESSEY
Components Group
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HONEYWELL

Instrumentation News

Scientific
Edition
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LOW PRICED/HIGH PERFORMANCE
Direct Writing Recording Oscillograph

Fresh this month from the production line of Honeywell’s Newhouse (Scotland)
Factory, comes the new 2106 ° Visicorder’ Oscillograph—an instrument em-
bracing an extremely high specification within a very low price structure.

One of Honeywell’s major introductions at this year’s LE.A. Exhibition, the
2106 offers many features not normally associated with instruments in this
price range. The compact unit has a 6 in. wide chart which takes records from
12 channels (plus a further 2 auxiliary channels).

The result of extensive research and
development, the 2106 has been de-
signed to cover the most stringent
applications but still meet the tight
budgets of most research and develop-
ment establishments. Aware of the
practical working problems faced by
engineers, Honeywell designers have
included many plus features which
make the 2106 truly versatile.

No longer will you have to keep the
unit running, while not actually re-
cording—the 2106 has a unique facility
allowing instant starting of the U.V.
Lamp either hot or cold. Capable of
recording a multiplicity of variables
on the same chart, the 2106 also pro-
vides as standard features, grid and
timing lines. Other features include:

@ Choice of chart speeds—gearboxes
available which provide an overall

range of 1 cm./min. [0-4 in./min.] to
300 cm./sec. [120 in./sec.].

@ Individual plug-in resistance board
for each Galvanometer, enabling a
library of input boards with differ-
ent damping and matching networks
to be built up—eliminating tedious
and expensive setting-up time,

® A maximum of 2 event markers
available.

@ Facilities available for mounting of
chart latensifier on front panel, thus
providing immediate development
records.

@ Optional record length control pre-
vents paper wastage.

® The 2106 takes up to 150 ft. of
paper.
@® Absolute running economy—nar-

1966 INSTRUMENTS ELECTRONIC & AUTOMATION EXHIBITION

REVIEW

row paper width can be used, where
suitable, down to a minimum of
3 in.

@ Writing speed greater than 125
cm./ms. [50,000 in./s.]

A world wide market is forecast for
this versatile unit. Ref No EE 94 850
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... AND WITH
THE 2106 . ..

...the wide range of new U.K. produced
series M Galvanometers . . . which can
be used with the 2106 and other
Honeywell ‘Visicorder’ Oscillographs.

Series M Galvanometers combine
high sensitivity and stability with flat
frequency responses going from d.c.
to 13,000 c/s. Stability of performance
is maintained by heating and thermo-
statically controlling the temperature
of the Galvanometer block.

In these high frequency galvano-
meters the mirror is not immersed in
the damping medium. In consequence
the deflection of the light image across
the chart is not limited by dispersion of
the U.V. light in the fluid.

Any Galvanometer may be inserted
or removed in a matter of seconds.
Ref No EE 94 851
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H20 COMPUTER

MAKES ITS

EUROPEAN DEBUT

Highlighting Honeywell’s continuing
progress in the field of automation—
and a major attraction at LE.A.—is
the H20 Digital Control System.

Bringing for the first time usable
performance to the low cost computer
field, the H20 is designed to provide
total system capability—handing the
widest range of scientific and indus-
trial applications from relatively sim-
ple engineering computations to large
multi-programmed, on-line problems.

Reflecting Honeywell’s belief that
true economy extends beyond the
modest initial investment to include
generally useful performance, the H20
system incorporates many hardware
and programming features seldom
found in low cost systems. These fea-
tures put it on-line fast and give it a
real on-the-job power—even for the
inexperienced user.

By combining the high performance
with low cost the H20 opens the door
to applications considered too (either)
difficult or too expensive to be under-
taken by computer systems of previous
generations. It provides a solution
today for the control problems of
tomorrow. Ref No EE 94 852

ACCUDATA 104
HITS U.K—

I.LE.A. PREVIEW
OF NEW d.c.
AMPLIFIER RANGE

Honeywell are marketing for the first
time in Britain a series of d.c. Ampli-
fiers. Known as the Accudata 104, the
range is available in a standard ver-
sion, giving a gain between 10 to 250,
and two other versions, giving gains
of ‘1 to 2:5 and 4 to 10

The Amplifiers have excellent noise
and drift specifications and are ideal
general purpose amplifiers for d.c.
excited stained gauges, thermocouples
or other signal sources lacking suffi-
cient power to drive a recorder direct.
All versions are designed to work with
galvanometer recorders and have suf-
ficient output capability to drive even
the highest frequency fluid damped
galvanometers.

The Accudata 104 is designed to

NEW
MULTI-CHANNEL
CARRIER
AMPLIFIER

Honeywell have increased the opera-
ting range of their C.A.51 multi-
channel carrier amplifier C.A. The
improved instrument is for the benefit
of the user who wishes to measure
strain, pressure, and other variations
from d.c. to 2,000 cycles per second.

It incorporates the following fea-
tures of this world-proven, British
designed instrument: individual
plug-in amplifiers giving real power
for operating the Honeywell range of
Visicorders or any other recording
oscillograph. Ref No EE 94 853

prevent transients from damaging the
galvanometer when gain ranges are
switched, when the input is open-
circuited, or when the unit is turned
on or off. A front panel control deter-
mines the polarity of connection to the
galvanometer, and also enables the
output to be shorted for a Zero setting
of the galvanometer. Rack and vari-
able adapters are available.

Ref No EE 94 854
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6200—THE SIMPLEST WAY TO ACQUIRE MEDIUM
SPEED SYNCHRONOUS OR RANDOM DATA

Systems Engineers working with paper tape
machines and paper-to-magnetic tape convertors
or with buffers and fast start/stop Recorders had
a common complaint—* There just has to be a
better way of preparing Computer Compatable
Tape.”

Now there is . . . the Honeywell 6200. This in-
cremental digital unit records synchronous or
asynchronous data with the same ease to produce
tape with the proper bit spacing for direct use by
a 7 track Computer Tape Handler.

Typical sources of data received by the 6200
include: Data Coding Typewriters; Digital Mea-
suring Instruments (counters, digital frequency
meters, time interval meters); and Analogue-to-
Digital Convertors (digital volt meters, shaft posi-

tion endcoders, special purpose
punched tape recorders).

More information on this versatile instrument

will be available on LE.A. stand G.205.

Ref No EE 94 855

convertors,

REVIEW

1966 INSTRUMENTS ELECTRONIC
& AUTOMATION EXHIBITION

HIGH VOLTAGE
d.c. SOURCES

Introduced recently, the Honeywell
6K20 offers the greatest stability of
any high voltage d.c. sources in their
range available today. They have a
guaranteed stability of -005% per hour
and ‘01% stability per day.

The 6K20 have been environmen-
tally tested to operate within specifi-
cations at 120°F at 95% relative hum-
idity and designed to function properly
up to altitudes of 10,000 ft.

Having a range of 0 to 6,000 volts
the 6K20 is designed for the utmost in
user convenience. The compact instru-
ments are only 5} in. high and may be
used in a standard relay rack or bench
mounted. Ref No EE 94 856

ELECTRONIC ENGINEERING JUNE 1966

8100 PORTABLE MAG TAPE RECORDER

Another item at LE.A. underlying
Honeywell’s versatility in the Scienti- |
fic, Medical and Industrial fields, is the ’
new 8100 Portable F.M. Magnetic
Tape Recorder/Reproducer.

Designed for a wide range of appli-
cations this new instrument weighs
only 75 lbs. yet has been designed to
meet all requirements demanded by
users of compact instrumentation. It
will accommodate power supplies in
the range 230v 50 c¢/s; 110v 60 c¢/s; and
115v 400 c/s; or, alternatively, two 12
volt car batteries. It includes many
features normally expected only in
large and more expensive laboratory
systems.

Although it is essentially a portable
instrument, the Honeywell 8100 has a
sub-chassis which permits rack-mount-
ing. Ref No EE 94 857




Advertisement Feature

H i

TIME DELAY CORRELATOR

FIRST |.E.A. SHOWING

Introduced during 1965, the Honeywell
9410 Correlator is designed basically
for the investigation of complex nat-
ural and man-made physical systems
as the name suggests, it embraces the
time correlation principle as a means
of data reduction. It includes the Auto-
Correlator function employed with a
single amplitude-time history record
and the cross correlation employed
with pairs of records.

A typical application is featured
above, where the Department of Mech-
anical Engineering—at University of
Aston—are using the 9410 as an im-
portant tool in their programme on
Automobile Research. Particular at-
tention is being paid by the Depart-
ment to the detection of rear axle noise
and the Correlator will be used speci-
fically to isolate high frequency
sounds. Ref No EE 94 858

Chromatography
Integrator
Steps Out

Precision Automatic Print
outfor Gas Chromatograms

Designed to meet the special, exacting
requirements of Gas Chromatography,
the Honeywell Precision Integrator is
self-contained and requires only con-
nection to the mains supply and the
chromatograph output.

Among the many important features
of the new Integrator is the specially
designed Printer which gives the high
count range capacity of transfer
printers with the simplicity and low
cost of the accumulating print. This
new printer offers us simple * drop in”’
paper loading and immediately visible
printout.

The Integrator is fully transistorised
and it uses module construction for
ease of servicing. Ref No EE 94 859

Honeywell Controls Limited

Honeywell House
HONEYWELL INTERNATIONAL

Great West Road

Sales and service offices in all principal cities of the world.

Honeywell

INDUSTRIAL PRODUCTS GROUP

Brentford Middlesex

Manufacturing in United Kingdom, U.S.A., Canada, Netherlands,
Germany, France, Japan.

Telephone Atlas 9191
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IN STAINLESS STEEL
OR BERYLLIUM COPPER

“WAVEY’" WASHERS are made from 18/8 Austenitic Stainless Steel (V.P.N. 380 min.) or Beryllium Copper (V.P.N.
350 min.). They have excellent corrosion resistance and a high resistance to permanent set under compression. Supplied
for A.L.D. and commercial interests in natural finish and available in a wide range of sizes. A range of leaflets on these
and other products is available free and a 40-page booklet on Spring Design at a cost of 4/6d.

Our design and development service is always available
for consultation.

wavey washers

THE LEWIS SPRING CO. LTD.

STUDLEY ROAD, REDDITCH, WORCS. Tel: Redditch 3771/6
Grams: Resilient, Redditch. Telex: 33625

London Office: 153-155 MITCHAM ROAD, TOOTING BROADWAY, S.W.17
Tel: BALham 8215/6 Telex: 25520
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Fit
Knitex
R.F. Shields
round your
equipment .

New Knitex Shields have been de-
veloped by KnitMesh Limited for sup-
pression of R.F. interference. Knitex
knitted mesh shields are widely used in
the electronics industry for numerous
similar applications and also for heat
exchangers, Air Filters and Vibration

Cushions.

Knitex R.F. Shields have a mesh struc- X

ture of asymmetrical interlocking loops, Elect"cal powel‘ and

Knirted into a tube shape, this avoids the =

zoning patterns caused by the more 3 process contro' for lndUStry
regularly shaped materials. Their flexi- by the

bility, resilience, and -conductivity de- Special Electrical Engineering Division of
pends on the materials used and . The Head Wrightson Machine Co. Ltd.

Silvered Copper, S. Steel, Monel and
Aluminium are available to suit each

individual customer’s requirements. Head Wrightson offers its services for the
Werite now for complete catalogue and price list . . .

of R.F. Shielding Sections, strips, and Silicone deS|gn' manufacture and installation of
Rubber covered with KnitMesh. electrical motor controls, electrical and

e ORI pneumatic instrumentation and electrical

ety lglyAghgaytglyfghyaragligfgagivaray . : A s
3:::::33333:593:3""““"”“?"’ power and lighting equipment, to engineers
Eoy 10

N . and contractors concerned with industrial
plant of any size or type in any industry.

Knitex

R.F. SHIELDS i
Head Wrightson

KnitMesh Limited - Prudential House Special Electrical Engineering Division,
Wellesley Road *+ Croydon - London The Head Wrightson Machine Co. Ltd., Commercial St.,

Telephone: MUNicipal 1034 & 1035 Middlesbrough, Yorks. Tel: Middiesbrough 43401

TW 1697
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controlled soldering starts with an Enthoven preform

The right amount of solder, in the right place, every time. The right alloy
to suit the surfaces to be joined. The right flux for effective wetting. The
right heat-source. Enthoven know about this kind of thing, will give
advice, supply preforms—cored or solid. Controlled soldering means
economical soldering. Soldering with Enthoven preforms saves solder,
time and wastage. Cuts costs. Produces a stronger, cleaner job.
Enthoven supply washers, rings, shims and strips in a wide variety of
alloys, cored and solid, and design to meet special requirements.

b 5 v e
2 &P 7

- S . R et el _11
New free booklet describes (e E N I H ov E N
- the complete range of
Enthoven Solder products...
preforms among them.
Ask now for your copy

of ‘Soldering with Enthoven’.

--— SOLDERS LIMITED

r____l

L_—_.—, SalesOffice & Works - Upper Ordnance Whart - Rotherhithe
1 St:-London SE16 - Bermondsey2014 - Head Office - Dominion
e =) Buildings - South Place - London EC2- Monarch 0391

1000000000000 000000000000000000000
0000000000000 0000000000000000000°
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electrosil

;]
complete
range

. Therange of |.C. devices offered
by Electrosil gives the widest
choice to designers—at truly
competitive prices. Much of the
range is compatible in both
function and pin layout with
|.C.'s of other manufacture, an
important “second source” fea-
ture which allows you to specify
with confidence.

Utilogic —
Medium speed
high level TTL

Utilogic is a low-cost logic form
specially developed for the
computer and industrial markets,

It was the first product which
Electrosil introduced to the UK
market and was the basis of
America’s biggest order —2 million
circuits for ground support
equipment. Utilogic is the best buy
in digital monolithic integrated
circuits of up to 4 Mc/s clock rate.

O Very high noise immunity, worst
case 0.8v.

[ High Fan-out—17.

[ Capable of withstanding high
capacitive loading.

[ Bistable element (J-K flip-flop)
is not critical of rise-time and
fall-time of clock waveform.

[J Very competitively priced.

ELECTRONIC ENGINEERING

The LU Utilogic Range

LU 300K Dual 3-Input Gate
Expander

LU 305K 6-Input AND Gate

LU 306K Dual 3-Input AND Gate
LU 314K 7-Input NOR Gate

LU 315K Dual 3-Input NOR Gate
LU 316K Dual 2-Input NOR Gate
(Expandable)

LU 320K J-K Binary Element

LU 331K Dual 2-Input OR Gate
(Expandable)

LU 332K Dual 3-Input OR Gate

Temperature Ranges
for Utilogic IC’s
LU RANGE + 10°C to -+ 55°C

s SU RANGE — 20°C to 4 85°C
% (Note: type numbers are the same

for LU range with the exception
of the prefix)

These temperature ranges can be
expanded if reduced fan-out is
acceptable.

ENCAPSULATION: 10-LEAD
FLAT PACK OR TO-b.

Inexpensive dual-
in-line SP600A

This new package form is easy to
use because of its plug-in facility.
The first range to appear in this
package consists of the SP600A
range which comprises a mixture of
DTL and TTL. Other ranges will
shortly be available in this form.

SP616A Dual 4-input NAND Gate
SP620A J-K BISTABLE

SP631A Quadruple 2-Input
Expander c

SP659A Dual 4-Input Buffer/Driver
SP670A Triple 3-Input NAND Gate
SP680A Quadruple 2-Input

NAND Gate

Wide temperature
range DTL

Some examples from the 14-lead
flat pack range.

NE106J Dual 5-Input Gate
Expander

NE112J Dual 3-input High Fan Out
NAND/NOR Gate

NE116J DUAL 4-Input
NAND/NOR Gate

NE124J RST Binary Element
NE125J (Master Slave J-K)
Bistabie Unit

NE156J Dual 4-Input CLOCK/ -
CAPACITIVE Line Driver

NE161J One-Shot Multivibrator
NE170J Triple 3-Input

NAND/NOR Gaté

NE180J Quadruple 2-Input
NAND/NOR Gate

92

Temperature Ranges

NE RANGE O to -+ 70°C

SE RANGE —55°C to + 125°C
(Note: type numbers are same as
for NE range with the exception
of the prefix)

ENCAPSULATION: 10 or 14 LEAD
FLAT PACK OR TO-5.

Linear I.C.

A competitively priced
linear range is available to
meet all requirements

Electrosil IC’s
are available

Electrosil currently have a stock of
over 10,000 IC’s in this Country.
All units are competitively priced
and available in a variety of
packaging configurations.
Manufacturers developing
prototypes can be assured of
continuing supplies advancing to
really large production gquantities (
when these are required. A start is
being made on production facilities
at Sunderland, and in 1966, at
least partial manufacture will take
place in this Country, strengthening
the muiti-source availability

of Electrosil IC’s.

SP600A

for the ultimate
benefits in

talknow to

Electrosil
=

ELECTROSIL LIMITED - MICRO-ELECTRONICS
DIVISION - SALES OFFICE - LAKESIDE ESTATE
COLNBROOK * SLOUGH - BUCKS - TELEPHONES :
COLNBROOK 2196 & 2996 - HEAD OFFICE
PALLION - SUNDERLAND - CO. DURHAM
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Who leads in

- ELECTRICAL
CONNECTORS?
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‘Hypertac’ is the world’s
most efficient connector

No other electrical connector has all the advantages of ‘Hypertac’. The
unique laminar hyperboloid design gives maximum contact through a
number of wires with low spring rate stresses, to provide

¥ Large area contact with low electrical resistance
¥ Very low insertion and withdrawal forces

¥ Long life

¥ High electrical performance

For full information ask for ‘Hypertac’ leaflet M/284A.

The “Hypertac’ connector is one of the many precision products made by
Smiths Industries—the world’s largest instrument makers. We also make
more pressure gauges than anyone else; magnetic, electrical, electronic
and hand tachometers; industrial thermometers; synchronous hour
counters ; and magnetic particle couplings.

SMITHS INDUSTRIES LIMITED
g = INDUSTRIAL INSTRUMENT DIVISION

CHRONOS WORKS, NORTH CIRCULAR RUAD, LONDON, N.W.2. TELEPHONE GLADSTONE 6444
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NORMA

. VIENNA
- NO MORE CRANKING!
=
? 250¥ 500y 1950, i A Portable light weight insulation test suitable for
é i2 measuring the insulation resistance of all components
fé% ( installations, etc. Cranking is obviated by the utilisation
] : of a transistor converter; the power supply being two
111 44 volt dry batteries. The test voltage and range are
g_; . i selected by push buttons which facilitate quick and
i INSULATIGN TEST SET % easy reading of the resistance value.
£ MODEL 667 wﬁ
ﬁwa&mm iR S AR L R e R e A el e R Delivery EX STOCK
100 Volts 250 Volts 500 Volts 1,000 Volts
Scale 1 0t00.1Mohm | 0to0.25Mohm 0t00.5Mohm | 0tot Mohm .
Scale 2 0.05¢cot Mohm | 0.125t0 2°5 Mohm | 0.25t05Mohm | 0.5 to 10 Mohm RANGES with push button selection
Scale 3 1 to 1,000 Mohm | 2.5 to 2.500 Mohm 5 to 5000 Mohm [ 10 to 10,000 Mohm

CROYDON PRECISION

INSTRUMENT COMPANY

HAMPTON ROAD -CROYDON :-SURREY Telephone THORNTON HEATH 4025 & 4094

SOLDER WITH A
PRIMAX OR PRIMAXA
SUPER EFFIGIENT SPOTLIGHT
SOLDERING GUN

PRIMAX
0W SPOTUGHT

Distributors: S. KEMPNER LTD.,

384 FINCHLEY ROAD LONDON N.W.2

Telephone: SWI 2371 & HAM 6365

SOLOG STATIC SWITCHING SYSTEM

DESIGNED & PRODUCED
FOR

COST CONSCIOUS ENGINEERS
BY
D.K. INDUSTRIAL INSTRUMENTATION
o TERMINAL BLOCK CONNECTIONS
e NEON INDICATION

POWER LOGIC UNITS

D.C. LOAD SWITCHING FROM A.C. SUPPLY
A.C. POWER SWITCHING

D.K. INDUSTRIAL INSTRUMENTATION LTD.,
AVEBURY ROAD, WESTCLIFF-ON-SEA.
SOUTHEND 45182

EE 94 117 for further details
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Unique tracking filter
analyser converts your vibration

console into a data analysis centre

The SD-101A Dynamic Analyzer,
available from Spectral Dynamics
Corporation of San Diego, is com-
pletely compatible with all existing
shaker console equipment, giving
you complete control and analysis
capability. Essentially, the SD-101A
provides two modes of operation:
(1) a synchronous tracking filter,
and (2) a swept filter for analysis
of a complex spectrum. In tracking
applications, the SD-101 A separates
the fundamental specimen or shaker
response signal from noise and
tracks the fundamental over the test
frequency range. With the SD-17
Sine Rejection Adapter, the SD-
101 A provides a random output
with the sine wave suppressed for
use with Automatic Equalizer/An-
alyzers for sine random tests. Typi-
cal tracking applications of the
SD-101A include swept sine wave
and sine random testing, data
reduction of tape recordings of
transmissibility and mechanical im-
pedance measurements. In the swept

ELECTRONIC ENGINEERING

mode, you analyze a complex or ran-
dom signal as a function of fre-
quency. Typical swept applications
include power spectral density an-
alysis, harmonic wave analysis and
swept random testing.

The SD-101A is a frequency-tuned
band-pass filter. The center fre-
quency of a' selected pass band is
inherently, continuously and pre-
cisely tuned to track the frequency
from an-external sine wave source.
The SD-101A does not use internal
servo, frequency to DC conversion,
or critical phase lock circuits for its
unique operation. It uses a patented
heterodyne technique which pro-
vides positive tracking and is

precisely tuned virtually instan-
taneously.

Features of the SD-101A include
a wide frequency and dynamic
range and selectable filters. For a
relatively small investment, it
greatly extends the capabilities of
vibration test equipment that may
have cost hundreds of thousands of
dollars. The Analyzer is recom-
mended for all kinds of environ-
mental vibration and acoustical test-
ing. The SD-101A may also be ap-
plied for general instrumentation
and for power spectral density an-
alysis. A demonstration will be
arranged at your convenience. Send
for free brochure.

s
SPECTRAL DYNAMICS CORPORATION OF SAN DIEGO
D

Sole agents in United Kingdom

9
HEATH WORKS - BALDOCK ROAD - ROYSTON - HERTS ‘i 9
Tel: Royston 2424 Telex: 81174 (Pyeling Royston) Grams: Vibration Royston

PYE-LING LIMITED

96
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Are Mecpots too stable?

(unfairto compulsive twiddlers)

Take a Mecpot. Design it into a circuit. Despite all of which you will still want to

Trim it, then specify Mecpots because of all
leave it alone. ol the other advantages—
What happens? o _Three connection types

Your Mecpot
stays rock steady.
Nothing to adjust.

No need to twiddle.

[ Yet
authorative psychiatric
reséarch shows that
trimmer-twiddling is
definitely soothing,
relaxing andfine for
the morning after,

Resistance values from

50to0 20,000 ohms

Power rating 1 watt at 20°C,

z watt at maximum temperature 85°C
Slipping clutch

20 turns full travel "

Prices from 11/3 depending

on guantity

Delivery of most values
ex-stock

Full specification
and samples from
Miniature Electronic
Components Ltd
Copse Road Woking
Surrey
Woking 63621

Trimmer Potentiometers
Wire-wound Resistors

Miniature Switches
Elapsed Time Meters

ME24
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This is a SzK=: CdS Photoconductive Cells.
N7

~«---+it is highly sensitive.
=e---it is exceptionally reliable.
«=++++it IS money saving.

Available in two types, CdS cells and

Actual size CdS-CdSe cells from 50mW to 500mW.
SP5 Series, 50mW

SanKen sANKEN ELECTRIC CO., LTD.

For further information write or call

Photain Contrels Limited

RANDALLS ROAD, LEATHERHEAD, SURREY. Telephone: LEATHERHEAD, 2776
SHEET. METAL RESISTANCE, CAPACITY & INDUCTANCE BOXES
PUNCHES ﬁmg GRID DIP
OSCILLATOR

Model G.D.O.2

% S ECAOE nsnnczn. O LOMURS 4 €2
3 ‘ ‘
- :
- o
ﬁ’ i
T L

% Foreign AGENCY

For the determina- "~ e ———

tion of resonant;
frequency of tuned °
circuits, For tuning i““,;.
transmitters with- h
out application of
power. For deter- s S
mination of coil,| e Accurocy ot
mutual and stray economic prices rw enquiries welcomed

Pac. Nos. 619178 & 938098 jogials. ind, “screy § 7 558
Quickly punches clean ho'” In [fixed and stray Wide selection of units %‘: }’!‘{E LION T

thee mpan o 16 g, {2k 7 ROTOLEE
USED AL CUER THEMYOMLD) o v cots 5300 Coee, ~ et
;:'nll 'kas/:, oftf:.'.‘c’.f. rz;::th G ¥ 15 s :\neiiusi::lc:\l—o.ltla:eHD::icllg:and Wheatstone Bridges available
H.: ﬁ;ﬂ‘ﬁ,’f :m LEIS,I? ?,,E,ICTE) mhlg 8534 ellevus Ry rew'goMg?tePL:\‘dI\, Sl A R LR R
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HIGH PRECISION
Negatives and Positives
Accuracy to +-001”
ORIGINALS up to 50" x 50"

NEGATIVES up to 40" x 40
Enlargements, Reductions,
Direct Reversals, Tone,
Line and Combinations

HUNTING PHOTOGRAPHIC LIMITED 6, ELSTREE WAY, BOREHAMWOOD, HERTS.  Telephone: Eistree 6l6l.

EE 94 133 for further details
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015" CONTACT PITCH

m PRINTED CIRCUIT

8
EDGE CONNECTORS

PO B P PR EL S0 Pr BB pp 20 SPEE PR PR PR PR R PP PP AP Ap PP P

FROM 8 TO 32 CONTACTS
DESIGNED FOR USE WITH Vi¢' BOARDS
AND
MADE BY

SEND FOR FULL DETAILS

Painton & Co. Limited

KINGSTHORPE. NORTHAMPTON
Tel: 34251 (10 lines) Grams: Ceil. Northampton. Telex 31576

AUSTRALIA Painton (Australia) Pty. Ltd. U.S.A. Painton Inc. ITALY Painton ltaliana. SWEDEN Svenska Painton A.B. BENELUX Painton S.A.
GERMANY Painton G.m.b.H.
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RESISTORS
RHEOSTATS
VARIABLE
TRANSFORMERS

Examples from the range:

1. CRESSALL VITREOUS ENAMELLED RESISTORS
‘Wire-wound or corrugated edge wound on a strong ceramic
base. Ratings 6 watts — 320 watts.

2. CRESSALL ‘TOROSTATS’ Toroidally wound vitreous
enamelled power rheostats. Ratings 6 watts—1,000 watts.

3. CRESSALL ‘TOROVOLTS’ A range of variable ratio
auto-woundand double-wound transformers. Providing
an economical and reliable means of controlling A.C. appara-
tus with smooth adjustment of output from zero up to full
voltage. Double-wound Torovolts have a secondary winding
isolated from the input supply and enable variable A.C.
outputs to be obtained with complete safety. Outputs,
auto-wound models up to 30 A; double-wound units up to
15A. Portable Metered Torovolts are offered for test bench
use and incorporate either an auto-wound unit for A.C.
outputs or a double-wound torovolt with built-in rectifier
for D.C. outputs.

A member of the Bxﬂamet Group

THE CRESSALL MANUFACTURING GOMPANY LIMITED
CHESTON ROAD - BIRMINGHAM 7 TELEPHONE: EAST 3571
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STOPRP-CLOCKS
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SERIES

CLOGK TYPE
\ ms.;;r eSOy sronps

MWOTES e e o

£92

TYPE 661D

> 5 digits in-line display

D 59 minutes 59-9 seconds in 0«| seconds

> remote start:stop on over a mile of cable
O wide range of specifications available

JUST ONE OF THE
digQicCron RANGE
OF DIGITAL .

0 time of day clocks
0o count down clocks
00 batch counters

0 counters
O tachometers

DARANG ELECTRONICS
LIMITED

Hackbridge Road Hackbridge
FRANKLIN 1140

Restmor Way
Surrey England
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¢¢T7 LECTRONIC ENGINEERING” has now been the
title of this journal for 25 years; and what enormous
changes have taken place in both the subject and the

- journal during those years. To review the progress in

electronic engineering during that time would be a major
undertaking and would require far more space than can
be allocated to it here: it may though, be an opportune
moment to say a few words about the origin and growth
of the journal.

While by no means the oldest of the journals in the

radio and electronic field its roots, as indicated by the
present volume number®*, go back somewhat further than
25 years. In fact it had its inception just over 38 years
ago but, during the first thirteen years of its life, it
underwent several changes of title, either to indicate a
broadening of its scope or to keep abreast of the changing
pattern of the industry.

Number 1 Volume 1 appeared in March, 1928, the
title at that time being simply Television. It claimed,
quite rightly, to be the world’s first television journal and
it was, at that time the official organ of the Television
Society. Since Television was started only two years after
John Logie Baird’s historic demonstration to the Royal
Institution its founders were undoubtedly men of fore-
sight and optimism and the original editor is to be con-
gratulated on the accuracy of the statement in his first
editorial when he said, “....this new branch of science,
which bids fair in time to rival wireless broadcasting in
importance and popularity”. The first issue contained
“Greetings to the World’s First Television Journal” from
a number of eminent men including Sir Oliver Lodge,
Sir John Reith, Mr. J. L. Baird and Captain S. R. Mullard.
It also contained an article -entitled, “Commercial Tele-
vision—When May We Expect It?”; but perhaps
‘commercial’ had a somewhat different connotation in
those early days! No doubt there are a number of present-
day readers of Electronic Engineering who can remember
the early days of Television but to the majority the
articles, circuit diagrams and illustrations would appear
rather quaint and unreal, while some, viewed in retrospect,
are rather amusing; for instance an article published in
April 1930 starts “From time to time attempts have been
made to use a cathode-ray tube for television purposes”.
There is, however, one thing which would be appreciated
by present readers; the journal cost 6d per copy or 7s 6d
per year post free!

The first change of title came in February 1935 and
it was in fact more of an addition than a change, for it
became Television and Short Wave World. Commenting

* It is one year older than indicated by the volume number as (wo years
were included in one volume during the war,
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on this the Editor of the day stated “The reason for this
can be explained in a few words—there is not a shadow
of doubt but that the future of television lies with short
waves and we believe that we can best encourage and
assist development by fostering a greater interest in short-
wave work.” This, again, was a good forecast made at
a time when the arguments of mirror-drum versus disk
receivers were more avidly debated than those of
mechanical versus c.r.t. systems and when a high definition
system implied 180 lines! Indeed, a month later than
this the Television Committee’s recommendation that a
240 line system should be adopted caused considerable
consternation among the many who had pinned their faith
on mechanical systems.

The next change in title came in October 1939, just
after the outbreak of war, and this time it was to
Electronics and Television and Short-Wave World. The

* magic word ° electronics > had at last made its appearance.

According to the ‘editorial’ in that issue the change of
title was brought about partly to enable the journal to
embrace the developments “of a remarkable new industry
—that of Electron Engineering” and partly through neces-
sity as television development had come more or less to
a standstill with the closing down of the public service
due to the war. The Editor also bemoaned the fact that
it was necessary to increase the price per copy to 1s 6d!
To mark its new scope and to emphasize the advent of war
this issue contained an article on “Electrical Activity in
the Human Brain” and another on amplifier systems for
giving air-raid warnings in factories.

A short time later, in June 1941, the title was finally
changed to its present one of Electronic Engineering.
This was done to ‘“indicate more clearly its widening
scope and the trend of its editorial policy”, and it was
stated that “In its new form, this journal will provide
the whole industry, research engineer, factory engineer
and student alike with a medium for interchanging ideas
and learning the progress which is being made in all
parts of the world”.

In the past twenty-five years the breadth and scope of
the subject of electronic engineering has grown and
expanded in a way which even the most optimistic of
seers could hardly have foretold. During this time, the
editorial content and appearance of Electronic Engineer-
ing have undergone considerable changes to keep abreast
(and pften ahead) of current practice; nevertheless, its
aims today are very little different from those stated 25
years ago. How well it has succeeded is perhaps for the
reader to judge but some measure of its success may be
gauged from the fact that Electronic Engineering is now
circulated and read in some 97 countries throughout the
world.
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A GComputer Controlled G.R.T.

A general description is given of a c.r.t. system intended primarily
for the display of output from-a digital computer. Details of circuits
of particular interest are included \

(Voir page 416 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 423)

Display System

By W. Bial*

THE primary use of the display system described here
is as a fast output unit for a digital computer. It has
been designed mainly to display text and tabulated data
rather than graphs or diagrams, and could readily be com-
bined with simple photographic equipment to act as a
high-speed printer.

The equipment consists essentially of two parts: the
control unit and the display unit (Fig. 1). The control
unit receives digital data and control signals from the
computer interface and sends busy signals back; it con-
tains digital to analogue convertors, the outputs of which
control beam position, and a character generator with a
repertoire of up to 256 characters. The display unit con-
tains a magnetically deflected c.r.t. with a screen diameter
of up to 24in (corresponding to a picture size of 22in
diagonal), together with its e.h.t. supplies, separate pairs
of X and Y deflexion amplifiers for main beam position-
ing and character drawing, and the bright-up circuits. Up
to 12 display units may be associated with a control unit;
these may be remote from the control unit and are
selected by signals from the computer.

* Elliott-Automation Ltd.

ELECTRONIC ENGINEERING

Since the control unit is common to several display
units which are not necessarily carrying the same picture,
the regeneration rate of each display may be as low as
6 frames per second. To avoid flicker a special phosphor
is used which gives a substantially constant light output
for some 150msec after illumination, followed by a rela-
tively rapid decay.

The picture area is considered as a matrix of 1024 X
1024 grid points, and hence the precision available is
about 0-1 per cent. The main deflexion circuits can move
the beam from any grid point to any other in not more
than 90usec, with an accuracy of 0-3 per cent. This
accuracy figure does not take into account distortions due
to the tube and any associated photographic process, but
where external measurement is required a co-ordinate
drawing facility may be used since displayed co-ordinates
will be subject to the same distortions.

The character rate from the computer may be 100 000
characters/second or more. Characters are drawn by
superimposing small X and Y deflexions on the (steady)
main deflexion, using a secondary, short-range deflexion
system so as to obtain the high writing speed without
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excessive power consumption. These small deflexion signals
are obtained in analogue form from the character generator
which also provides bright-up signals; character size and

brightness are under computer control.

Much of the system was designed according to con-
ventional engineering practice, but some unusual tech-
niques were developed where speed, reliability or economy
seemed to require them. The remainder of this article is
concerned with three parts of the system in which novelty

is apparent: the digital to
analogue convertors, the
co-ordinate-drawing  cir-
cuits and the character
generator.

The Digital to Analogue

Convertor
The main digital to
analogue convertor re-

ceives a 10-bit unsigned
number from the com-
puter and generates a
corresponding  analogue
signal which drives the
associated deflexion ampli-
fiers in the display units.
To avoid the necessity for
an operational amplifier
between each convertor
and the deflexion ampli-
fiers the conversion is
carried out at high power
level and consists essen-
tially in switching binary
weighted currents into a
16X resistor. The range of
current in this summing
resistor is from 0 to
+0-25A, giving an output
voltage range of 0 to
+ 4V relative to the — 10V
supply line (Fig. 2).

Each of the ten stages
in the convertor is essen-
tially a simple long-tailed
transistor pair (Fig. 2(a)),
arranged so that when
the input logic signal ¥V,
cuts VT, off a current
equal to Vie/r is switched
into the summing resistor
R.. Now as can be seen
from the diagram, in the
simplified  circuit the
current actually switched
iS (Viet — Ver)/r — I.

To reduce I, to neglig-
ible proportions, each
transistor in Fig. 2(a) is
replaced by a Beneteau
pair, taking due precau-
tions to avoid oscillation
(omitted from the dia-
gram, for simplicity).
Also, a separate very
accurate reference supply
is used to hold the base
of the control transistor
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pair, since it is not good practice to take power from a
reference supply (Fig. 2(b)).

The error due to Ve, can in principle be reduced by

passive component compensation, but this is difficult to

achieve in practice due to thermal and matching problems.
Ve is measurable as the difference between Vi and Ve
(Fig. 2(b)), and is applied to a linear differential long-tailed
pair using Beneteau pairs Bs and B; (Fig. 2(c)). The
current in the tail of B; and B, is made greater than the
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Fig. 3. Generation of ramp voltage for co-ordinate
drawing

However, if a visible line
is to be displayed in X
or Y (co-ordinate draw-
ing), uniform brightness
requires uniform traverse
velocity. The -implication
is that the voltage across
the summing resistor Rs
should change linearly in
response to a step change
in the incoming X or Y
co-ordinate value.
Consider Fig. 3(a),
which shows an induct-
ance L of negligible
resistance in series with
the summing resistor R,.
If the switches S: and S;
are open, VT, and VT,

(@) Basic circuit for linear deflexion rate
(B) Improved version

highest likely compensating current, and the resistor R,
is chosen so that R, <+ emitter resistance of B; + emitter
resistance of By = r. Due to the differential action, Vrer —
Vo = Ve appears between B; and B, emitter junctions,
and the collector current of B, is thus Ve,/r which exactly
compensates for the —Ve/r from B..

The ten stages of the convertor are all essentially similar
and share the same reference supply and resistor. The
highest-current stage (most significant bit) is formed of
two identical stages, each handling half the current, to
reduce the power rating of this stage and so improve
reliability. In the low-order stages less elaborate com-
pensation is wused, since the necessary proportional
accuracy is less.

Co-ordinate Drawing

If the output of the X and Y digital to analogue con-
vertors is merely used to index the beam from one grid
point to another, without bright-up, the acceleration of
the beam is unimportant: all that matters is that the beam
should settle on the new position as soon as possible.

Fig. 4. A typical display
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switches g
act as opposed diodes and

- effectively short-circuit L.
Suppose that S: and S: are
closed (i.e. by a control signal from the computer), that a
current i has been established in the circuit (due to the
convertor stages), and that Vou is steady. Let i change by
some increment i’.
The current increment cannot be accepted by L imme-
diately, and therefore flows through VT: or VT, accord-
ing to polarity. The emitter-base voltage drop. Ve, is

N

A
V-

-ﬂ
~
‘f - )
-1 ] 0-1 | 11 pl 1 > N
y # \.)
Beam indexed S
(a) by main (b)

deflexion system

Fig. 5. Formation of graphics

(@) Unit increments
(b) Possible construction for letter R

established across L, and if Ve, is assumed independent of
7 the current in L will change linearly at a rate given by
Veo/L. The current # is thus transferred linearly from
the shunting transistor to L, and when the whole of # is
flowing in L the voltage Ve collapses. The circuit is once
again in equilibrium with Vout corresponding to i + ¢ and
defining“the new beam position.

The linearity of this circuit is adequate for its purpose,
but there are certain shortcomings. The base currents of
VT: and VT, flow in R., producing a step when S; and S,
are closed or opened. This is overcome by using Darling-
ton pairs for ¥T: and VT, and changing the value of L
to retain the desired beam traverse rate with the new
value of V., so introduced.

Also, L, whether iron or ferrite cored, will carry eddy
currents due to the effect of the applied Ve,. These persist
during the transition from i to i + i and appear as a step
in R,. To compensate, a secondary is wound on L, across
which a voltage proportional to that across L is induced
(Fig. 3(b)). This voltage drives a compensating current
in one of the emitter-followers, according to polarity, exact
compensation being achieved by adjusting RV; and RV,
for the two directions of drawing.
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Character Generator

The choice of a method of drawing graphics on the
display was strongly influenced by two criteria: the
character set should be easy to change to suit any par-
ticular purpose, and the graphics should be reasonably
easy to read without operator fatigue. This second criterion
implies that a graphic should be of uniform brightness
and continuous (i.e. not formed of visibly separate dots).

Graphics are therefore drawn as a series of straight-
line increments, each blended into the next (Fig. 4). The
origin for each graphic displayed is determined by the
main deflexion system, as already explained, and each
character is defined by up to 20 increments drawn rela-
tively to that origin. Each increment may be 0 or +1
unjt in X or Y directions, or both, giving the eight pos-
sibilities shown in Fig. 5(a). A graphic is drawn on a
5 X 5 matrix of unit increments, centred at the local
origin, each cell of the matrix containing typically from
2 to 6 grid points in X and Y according to the scaling
factor transmitted from the computer. Limited excursions
outside the matrix area are possible, for example to draw
the descenders of lower-case letters. A possible series of
increments for the character R is shown in Fig. 5(b). the
dotted lines representing deflexion without bright up.

The character generator consists essentially of a store

Fig. 6. Character generator matrix
(@) Simplified schematic of character core matrix
(b) Detail of matrix showing reset and sense wire arrangement

(Character wires omitted for clarity)
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Fig. 7. Sequencer circuits

(@) Basic differentiator chain
(b) Detail of one stage with driver circuits

having one location for each character, the content of
the location being the set of increments for the graphic.
The character code received from the computer acts as an
address by means of which a single location is selected,
and the increments are read as a time sequence of pulses
from which analogue deflexion signals are derived. At a
typical running speed of 100000 characters/second
(neglecting main beam indexing), each of the 20 incre-
ments must be drawn in 0-Susec.

The increment store in the character generator consists
of a matrix of pre-wired cores (Fig. 6). The matrix has
20 columns corresponding to the 20 increments, and 5
rows: one each for +X increment, +Y increment and
bright up. Each column carries a drive wire and a reset
winding; each row carries a sense wire. There is also a
wire corresponding to each character, selected by the
character code from the computer, threaded through up
to three cores in each column according to the sequence
of increments and bright up required (Fig. 6(a)). Varia-
tions of graphic form and the provision of special graphics
is simply achieved by choosing an appropriate path for the
character wire. . .

Broadly speaking, the process used is similar to
coincident current selection in a conventional core store.
The selected character wire carries a steady current
throughout the process of drawing the graphic, and the
column drive wires are pulsed in turn by signals from a
sequencer or commutator circuit. Each core threaded by
the character wire will be switched, at least partially,
when the corresponding drive wire is pulsed.

It will be clear that fairly large cores must be used to
accommodate the many wires that must be threaded
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through them. The speed of a ferrite core is proportional
to the excess over the coercive force of the drive force
per unit path length in the core, and is almost independent
of the core material. The drive current required for a
given coercive force is proportional to the core diameter,
and hence to keep the drive current reasonably low it is
necessary to use a low coercive force material. Nominal
half-current selection is, in fact, 2/3 coercive force selec-
tion, so the excess drive force, which governs the switch-
ing speed, is 1/3 coercive force. Therefore the switching
speed of a large, low coercive force core will be low,
and conventional half-current selection would result in
very slow operation of the matrix.

It is desirable that the core output should be available
within 10 per cent of the O-Susec time interval of an
increment, that is, within 50nsec of the start of the drive
pulse. The core actually used has a nominal 4usec access
time in half-current operation; even the fastest core
materials would not give less than a 150nsec access time.

The difficulty is overcome in the following manner.
Coincidence between the character decode current and the
sequence pulse produces partial switching of the selected
cores in a column: partial because of the short duration
of the sequence pulse. A selected core stores this state
until reset by the next pulse from the sequencer, which,
after driving the next column of cores, is passed through
a multi-turn reset winding on the column driven just
previously (Fig. 6(b)). The partially switched cores in
this column are reset very powerfully, even against the
steady decode current, and an extremely fast output pulse
appears on the sense wires.

The sequencer is essentially a chain of -differentiator

Drive Drive

Drive

stages, each driving the next, as shown in Fig. 7(a). In
the quiescent state all stages are conducting. When a
negative-going trigger pulse is applied, V7, cuts off for
a time determined by RC giving a short positive-going
pulse, the trailing edge of which cuts off ¥'T; in a similar
manner. Thus a sequence of positive-going pulses appears
at the collectors. To allow for resetting the 20" column
of the matrix the sequence contains 21 pulses.

Certain refinements are necessary (Fig. 7(b)). The
diode D, in the emitter circuit protects the base emitter
junction which, in the simple circuit, will have a 10V
reverse potential when the transistor cuts off. The emitter-
follower is necessary to prevent distortion of the output
pulse due to loading. The base connexion to the driven
stage from which the column drive pulse is obtained is
tapped down the emitter-follower load resistor so that
the driver can be firmly cut off; C’ is a speed-up capacitor,
~The back voltages from the cores are significant and vari-
able, so the driver stages are put into a constant current
system with one extra stage to absorb the current when
all the drivers are cut off. The bases of the drivers are
high impedance points, so to prevent undue variation
of base voltage the diodes D, are included. As a bonus,
these diodes provide a rough temperature compensation
for the emitter-follower and driver base-emitter voltages.

The fast output pulse from a sense wire must be held
on a bistable for the duration of the increment time
interval. To avoid the difficulty of resetting and setting
a bistable at the same time the arrangement of the sense
wires is somewhat more complicated than the foregoing
description suggests. There are, in fact, two sense wires
per row, threading alternate cores, each controlling its
own bistable. An addi-
tional advantage of
separate sense wires is that
discrimination is im-
proved: when a core is
res/et a signal is obtained
from the sense wire
whether the core has been
switched or not; if it has

been switched the signal

0dd comb

f

Even comb

+10V

1- Reset

is larger. But if another
core is being switched
while the first core is be-
ing reset the resultant out-
put signal will be lower
since the small output
pulse due to switching is
of opposite polarity to
the large pulse on reset,
and discrimination be-
tween switched and un-
switched cores will suffer.
The use of alternately

Even
bistable

llIHI

Fig. 8. Odd and even
semse bistables

Reset
[

L

threaded sense wires has
the effect that a core on
a given wire is never be-
ing driven while another
is being reset (Fig. 6(b)).

The sequence pulses are
grouped into alternate
sets after threading the
cores, and returned to

v

Mixed output
{o integrator
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supply through resistors
across which will appear
time interleaved signals
called comb signals.
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These, the sense wires and »

the bistables are distin-

guished as odd and even;

the odd bistable is set by

the output from the odd

sense wire and reset by

the even comb signal (Fig.

9). It will be seen that the

output from a sense wire

when a core on this wire s

is being switched has the

wrong polarity to affect

the bistable. <
To improve discrimi-

nation against spurious

signals when unswitched

cores are pulsed in the

reset direction, a compen-

sating pulse of opposite

+Ax

Increments

i

+H10V

increments

=bx

Scaling
control

polarity and similar form
is generated on the sense
wires. Taking the odd
sense wires as examples, these are passed together through
a core which is driven into saturation in the appropriate
direction by the even comb waveform, This is not shown
in Fig. 8.

The outputs of the odd and even bistables for each row
are mixed together, so that if the same increment or
bright-up condition persists for more than one increment
time a quasi steady signal is obtained. The bright-up signal
is used in this form to turn the c.r.t. on or off, but the
X and Y increment signals are passed to integrators so
that discontinuous movement of the beam is avoided.

The circuit for the X increment AX is taken as an
example; that for AY is equivalent. The +AX and —AX
signals from the two pairs of row bistables are integrated
separately, and their difference is taken and amplified
according to the scaling factor specified for the graphic
(Fig. 9).

The integrators are reset by transistor switches, repre-
sented by S, which are opened when the sequence starts
and closed by the 21** sequence pulse. To avoid loading
the integrator capacitors and give good d.c. stability
the differencing amplifier is a capacitor coupled long-
tailed pair with independent emitter feed points, Darling-
ton pairs being used to give a high input impedance. The
coupling resistor r carries a current proportional to the
difference between the + AX and —AX ramp voltages from
the integrators, assuming the coupling capacitor is large
enough to be negligible, and the value of r therefore deter-
mines the sensitivity, since it determines the differential
currents in the two collector loads.

There is also a standing component of collector voltage
which must be eliminated since it represents an uncon-
trolled offset of graphic position in the X direction. This
standing voltage is taken from P, at which the ramp
voltages cancel, and used to form a low impedance supply
for the output emitter-follower V' Ti. The base of this tran-
sistor is permitted to move symmetrically with respect to the
standing voltage by the bias from the constant current
source VT..

Scaling under computer control is achieved by switch-
ing one or more additional resistors R’ into the emitter
circuit of ¥VTh so as to increase the ramp output without
shifting the centroid of the graphic. Deliberate movement
of the centroid can be attained by switching the constant
current source VT,.

The final output is therefore the desired ramp voltages
for the graphic, superimposed on an average level suffi-

Fig. 9.
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Graphic increment integration and scaling

cient to take the maximum excursions without cutting off.
This output is passed to cable driving circuits and thence
to the display units. The remaining circuits are, for the
most part, conventional, and will not be discussed here.
All patents, design and commercial rights of the systems
and circuits described here are vested in, and the property
of, Elliott Automation Ltd. The publication of this des-
cription does not confer any rights to use the same.
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Electronic Sterling Invoicing

By installing one Friden 5010 Computyper electronic sterling
invoicing machine, Staffordshire Potteries Ltd, of Longton,
Stoke-on-Trent, has been able to reduce its invoice office staff
by one typist and one comptometer operator—an annual
saving of almost one third of the cost of the machine. In
addition, invoices are now processed in less than half the
time previously taken and invoice errors have dropped
dramatically.

The Staffordshire Potteries group is one of the biggest
earthenware producers in the U.K. and specializes in mass
produced tea and dinner- ware. Production of the four com-
panies which constitute the group is centralized at Meir Air-
port. During the last two years considerable strides have also
been made in centralizing and mechanizing the four com-
panies’ accounting procedures.

In the past, invoices were computed by comptometer opera-
tors and then produced on conventional typewriters. Under
this system, it could take anything up to five days after the
goods had been despatched to send out an invoice. Using the
5010, one typist—with some checking assistance from another
——can do the whole job. No comptometer is needed since the
machine automatically performs all calculations and invoices
are posted within two days of the despatch of goods.

With this machine, invoice preparation is reduced to a
routine typing job. The operator simply types the descriptive
part of the invoice and enters the relevant quantities and prices.
All extensions, discounts, surcharges, sub-totals and totals are
computed and printed automatically by the machine.
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Analysis of High Speed Fixed Stores
Using U-cores

By H. P. A. Salam*, Ph.D.

The factors affecting the design of wired fixed stores using ferrite U-cores are discussed and several

possible sources of noise are listed. The basic equations are evolved for a particular system and

it is shown that the signal-to-noise ratio is proportional to the square of the length of the drive

wires and to the square of the operating frequency. The engineering of a unit with a 250nsec cycle
time is described.

(Voir page 416 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 423)

IXED stores are widely used in present day

computers to store the microprogram sequences needed
for the execution of the computer instructions -,

They offer the advantage, compared with the use of
logical elements, of providing the control information in

DRIVE WIRES

> READ-OUT

it

Jemrmcecal e m—

4

Fig. 1 Dimond ring

an economical and rational way and they enable the
design of a computer to proceed independently of the
detailed . specification of the microprogram. This enables
last minute changes in the control to be incorporated
easily.

One of the main problems in the design of fixed stores
for high speed computers is that of achieving access and
cycle times sufficiently short to control effectively the
fastest logical circuits available; i.e. to ensure that the
fixed store is not dominating the speed of the computer.
The factors that limit.the speed of the store are:

(a) The delay in the drive circuits and the length of

the drive wires.

(b) The length of the read wires and the delay in the
read amplifiers.

(c) The stray couplings in the drive and read-out
systems, which result in unwanted (noise) signals
that increase in magnitude with increase in speed
of the store.

* Formerly English Electric-Leo-Marconi Computers Ltd.
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The last two of the above factors tend to be the most
critical. For a store having, say, 2000 words, many of
the existing arrangements, which rely on drive wires
printed side by side on a flexible laminate®, would need
excessively long read wires. For this reason it is desirable
to choose a form of store in which the drive system is
essentially three dimensional in nature, such as the
Dimond ring* arrangement, or the modified version of it
described in this article. This reduces the read wire length
from tens-of feet to a few feet.

While the delay in the read system can readily be pre-
dicted from the length of the read wires and the response
of the amplifiers, the maximum speed of operation that
can be achieved without exceeding a given noise-to-signal
ratio is much more difficult to assess, since it is dependent
on many factors. The main purpose of this article is to
attempt to list these factors and to show which of them
are the most critical.

Description of the Fixed Store
BaAsic PRINCIPLE

The principle of the Dimond ring type of fixed store is
outlined with reference to Fig. 1. A number of linear
ferrite cores are used to couple a set of drive wires with
a set of read wires. Each drive wire corresponds to one
word, and each read wire to one digit position. Informa-
tion is stored in a word by threading its drive wire

PRINCIPAL SYMBOLS’

Ce = Capacitance per unit length of all wires
to earth

Cw = Capacitance- per unit length between
drive wire and all adjacent wires

L = (YL’) = Total inductance of drive wire

L = Inductance per unit length of drive wire

Mg = Mutual inductance between a drive wire
and a read wire, provided by a core

Mw = Mutual inductance between a drive wire
and any one of the adjacent wires

TB = Rise-time of bar selection drive

t = time

T = Rise-time of stage drive

Vioxy = Peak amplitude of drive voltage

Vopx)y = Peak ‘one’ output signal at secondary
of core

Vs = Bar selection voltage

Vx- = Negative stage noise voltage

Vn+ = Positive stage noise voltage

Vns = Bar selection noise

x = Distance from bar switch

Y = Total length of drive wire
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through the cores corresponding to the digit positions for
which “ ones ’ are required in that word.

Use oF U-COREs

In a large store it is impracticable to use only one set
of cores, because of the large number of wires, and it is
necessary to have many sets with their read outputs
commoned by joining them either in parallel® or in
series. It is desirable not only to duplicate the sets of
cores but also to use pairs of U-cores instead of toroids,
since this enables the stored information to be changed
much more easily. The arrangement adopted in the

PLUG

Fig. 2. Bar carrying drive wires

Fig. 3. Arrangement of read wires

READ WIRE

7 TO READ AMPLIFIERS

J

250nsec unit that was built is illustrated schematically in
Figs. 2, 3 and 4. Fig. 2 shows one of the bars that carry
the drive wires, Fig. 3 shows the arrangement of the read
wire and Fig. 4 shows the relative positions of the drive
and read U-cores. Spacer sheets 0-005in in thickness were
used to define the core gap. This defined gap swamps
variation in the permeability of the material and makes
the output signals relatively insensitive to specks of dust
and irregularities on the mating surfaces of the cores.
It also reduces the inductance of the cores, and so reduces
the propagation delay along the drive wire and along
the read wire, both of which behave as delay lines, with
the cores acting as lumped inductances.

METHOD OF DRIVING

The driving arrangement is shown in Fig. 5. The micro-
programs are stored so that as far as possible a com-
plete instruction is contained within a bar, since there
is a time penalty in selecting a bar. Once the bar has been
selected, by closing the switch to earth, the wires within
the bar can be driven in any sequence at the maximum
rate of 4Mc/s.

Sources of Noise

Unwanted noise signals can be induced in the read
wires of the systems described by:

(a) Stray magnetic flux in the selected bar.
(b) Stray currents in the selected bar.
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(c) Stray currents in the unselected bars.
(d) Crosstalk between the read wires.
These sources are discussed in turn.

STRAY MaGNETIC FLUX
There are two sources of stray flux:

(a) Stray flux from a drive wire which is by-passing a
core (storing a nought) as illustrated in Fig. 6. Noise so
produced can be minimized by making the gap in the
core small. With 0-005in gaps the noise is only a few
per cent of the signal amplitude.

(b) Stray flux leaking from one core to an adjacent
core. This is a function of the spacing between the cores
and the air gap. With a spacing of }in it tends to be
negligible.

STRAY CURRENTS IN THE SELECTED BAR

The stray couplings within the bar are shown in Fig. 7.
The capacitance Cw is that between the driven wire and
the immediately adjacent unselected wires. The capa-
citance Cg is that between the remaining, unselected,
wires and earth. The mutual inductance Mw is that
between the drive wire and any other wire and is assumed
to be independent of the stored information. This
approximation is valid for the unit that was constructed,
since the air gap made the core inductance very small

Fig. 5. Driving arrangement
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and the nature of the microprogram system was such
that the number of ‘ones’ stored in a word was a
small proportion of the total number of bits. A further
parameter in Fig. 7 is Mo, the mutual inductance between
drive wire and read wire provided by a core.

The stray couplings in the selected bar are responsible
for four types of noise:

(a) Positive stage noise.
(b) Negative stage noise.
(c) Back edge noise.

(d) Bar selection noise.

Positive Stage Noise

This is primarily due to Cw as shown in Fig. 8. When
a wire is driven, the signal current passes down the wire,
but because of the presence of Cw, a small noise current
also flows in the immediately adjacent wires, causing a
positive-going, differentiated output from read wires
associated with cores linked by these stage wires. The
amplitude of this output depends on the rate of change
of the selection signal, and also the value of Cw, which
is proportional to the length of the wires. This noise

Selection voltage

| W
~}

Noise

current |

| &
Cw

z]

4——Mw—>

.
!4
F 3
3
m
a
b
a
3
=

J
wi

Fig. 8. Positive stage noise
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. . la— M _—>
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Selection
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I— ‘ H
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Immediately ‘;__II—_;
-adjacent wires(6) 1 y Fig. 9. Negative stage noise
] 7
| ]
n———l'—<
T can be minimized by keeping the drive wires as short as
e e — T.T:Tz%% possible, and by choosing wire insulation of low dielectric
constant.
Negative Stage Noise
p The parameters affecting this are shown in Fig. 9.
When the stage wire is selected, a voltage appears across
all the unselected wires, due to the mutual inductance
Mw. This voltage causes a noise current to flow through
oA M them to earth, via Cg. Cores shared by many wires will
= 4 i thus generate a negative-going differentiated output. The
CIL e Read NoOise can be minimized by keeping Cr small, by ensuring
NP wires  that wires are separated from earth by thick insulating
M| Me i material of low dielectric constant.
i Back Edge Noise
B A The causes of this are shown in Fig. 10.
ar selection 5 X X
switch When a drive is applied, the voltage across the selected
= wire rises to a maximum, falls, and overshoots because
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the drive wire is inductive. During the overshoot period,
a voltage is induced in the unselected wires which can
cause current to flow through the selection diodes to
earth, via the bus-bar terminating resistors. This noise
can be eliminated entirely by returning the termination
resistors to a negative supply instead of earth. This: back-
biases the diodes and stops them conducting during the
overshoot period.

Bar Selection Noise

When a bar is selected by closing the bar selection
switch, the capacitance, Cg, of the stage wires to earth is
discharged, causing noise currents to flow in all stage
wires. The noise generated in this way tends in practice
to be larger than either positive or negative stage noises.
The remedy used in the model was to switch the bars
slowly.

STRAY CURRENTS IN UNSELECTED BARS
There are three types of noise that can arise in the
unselected bars. These are referred to as:

(a) Charging noise
(b) Diode capacitance noise
(c) Core-squared noise.

Stage bus bars Z,
+4v
Unwanted 1_
y ! ! ! current-flows 1
T S during overshoot
Wanted of drive voltage

£l current
Overshoot voltage
due to inductance

of selected wire

31 unselected wires

Induced © A
Selected voltage Diodes conduct
wire I during this time
]
|
by -f\/— Signal
)
1
i S i .
— —‘"‘-* Noise
T —
1
Fig. 10. Back edge noise j.

Charging Noise

Fig. 11 shows the cause of this noise. Current flows
through one diode in each of the unselected bars to
charge Cg. This type of noise can be avoided by returning
the drive wires to a positive supply voltage equal to, or
greater than, the peak drive voltage.

Diode Capacitance Noise

With the unselected bars returned to a positive supply
all the associated diodes are cut off. When the stage
bus-bar is driven, currents will flow in the unselected bars
because of the capacitance of the diodes, in combination

with the capacitances of the drive wires to earth as
shown in Fig. 12. This is an effect that multiplies with
the number of bars. For large fast stores very low
capacitance diodes must be used.
Core-Squared Noise

Driving the selected bar causes signal currents to flow
along some of the read wires. These currents cause
em.f’s and currents to be induced in unselected bars,
JUNE 1966

ot T

Stage bus bar

W " 4 ~ R 4

Signal| | Selected
current bar
Noise currents

due to Cg
charging

Ce l_ Ce <
(L“\ (=N
e -—

Cg discharges
through
switch leakagol

Fig. 11. Charging noise

due to the cores on the read wires. The unwanted currents
in the drive wires of the unselected bars induce e.m.f’s
in read wires other than those carrying the true signal
currents. This noise could in theory be large if Mo is
large. With an air gap, Mc is very small and the noise is
negligible.

CROSSTALK 1

The shielding afforded by twisting the read wires is
reduced when they link a core, because the twisting has
to be opened out to allow the wires to pass round the
limb of the core. This results in crosstalk between one
read wire and the next. The noise can be kept very small
by appropriate spacing of the read wires.

Noise Equations
In practice thel most serious types of noise are:
Positive stage noise.

Fig. 12. Diode capacitance noise
Stage bus bars
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The other types of noise can be made small by careful
design, or in some cases eliminated altogether, and w:ll
not be discussed further.

In deriving the noise equations the following assump-
tions are made. . b

(a) The inductance of the drive wire is independent of
the number of cores it threads. This is roughly true,
provided the number of cores it threads is small
and the cores have an air-gap: ie. the wire
inductance swamps the effect of the cores®.

(b) The signal current is independent of the position
along the drive wire; i.e. that the noise current that
has leaked away to neighbouring wires is in-
sufficient to detract seriously from the magnitude
of the signal current. This must be true if one is
to have a workable system with a good signal-to-
noise ratio.

. (c) The resistance of the wires is negligible.

EXPRESSION FOR POSITIVE STAGE NOISE

Fig. 13 shows the current iwx flowing from the driven
wire to the immediately adjacent wires, for an increment
of length Ax, measured at a distance x from the bar
switch. This current is given by:

L iwx = Cw . Ax. (d/[dr) (vpx — Vax) (0]
where Cy is the capacitance per unit length between the
driven wire and the adjacent wires.

Taking the length of the drive wire to be Y, the induct-

ance to be L, and neglecting the loading affect of the
cores, it can be shown that: '

vox = vex = (1 = (Mw/L)) .(x/ ) . ¥ @
where Mw is the mutual inductance between the wires
and V is the drive voltage. From equations (2) and (1)

the total current flowing in the adjacent wires, measured
at a point x is obtained:

y
e = f i dx

; =4[l — (Mw/L)] .Cw.Y [l — (x*/YAdV]dt .. (3)
from this the positive stage noise output voltage is
obtained.

Vry = Mc (dlix/dl)
=1 [1 (Mw/L)] .CwMo.Y [l—(leY“)] d‘V/dt;

It is seen from this equation that the noise is a function
of the drive waveshape. The simplest drive that will pro-
duce noise of limited amplitude is parabolic. A square or
ramp drive results in spikes of infinite amplitude.

Fig. 14(a) shows the waveshape of the front edge of an
ideal drive, which it will be assumed is used, consisting of
two identical parabolic sections of the form:

V = 2V eutd/r? &)
joined together. V) is the peak amplitude of the drive
and 7 is the rise time. Fig. 14(b) shows the second deri-

vative, and therefore the noise, is constant during each of
the parabolic sections.

The peak value of the ‘ one’ output signal is given. by :~
Vo) = (Mc/L’Y) . Vw ©

where L’ = L/Y is the drive wire inductance per unit
length. From this and equations (4) and (5) the following

Positive stage

Negative stage
toise noise

a 3

oh) , 42 J 3
T: Vv,
\ (pk} )
\ - = by

(a) 1 (b)
Fig. 14 (a). HIdeal drive Fig. 14 (b). Noise resulting
waveshape from ideal drive

expression is obtained for peak nmse to peak s1gnal ratio
for an ideal drive:

VN'HDK) 2[1—(MW/L)] L’CWY2 [l (x/Y)Z] 1/1’

7
Voo @

| The first term shows that the noise is dependent on the
magnetic coupling between the wires. The second term
shows that it is proportional to the square of the total
length of the drive wire, as well as the inductance and
capacitance per unit length. The third term shows how
it varies along the different positions of the wire. The
fourth term shows that the noise-to-signal ratio is inversely
proportional to the square of the rise time.

EXPRESSIONS FOR NEGATIVE STAGE NOISE .-

By an analysis similar to the one Just carried out 1t can
be shown that the negative stage noise is given by:

V= —+Mw/L)Ce.MoY [1—-03/Y)].dV/df .... (8)

where Cg is the capacitance per unit length between all
unselected wires and earth.

The peak noise to peak signal ratio for an ideal drive

is:

f Vr-om

* A detalled study of positive stage noise has been made by Taub and
Kington for the opposite case, where the inductance of the cores is much
higher than the wire inductance?, .
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% =2Mw/L).L'CeY? [1 = (x/Y/].1/7* .... (9)
o{pk) i 3
The dependence of noi\s