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NORBIT STATIC SWITCHES

for automatic control systems

NEVER NEED MAINTENANCE

No maintenance, no ‘sneak circuits’,
operation in any position, constant speed
and a life unaffected by the number of
operations.

These are only some of the many reasons
why electrical and electro-mechanical engi-
neers, in increasing numbers, are using
Norbit static switches instead of relays in a
wide variety of automatic control and
alarm applications, from lift systems to
food processes.

Since they use no moving parts contactless
Norbit switches need no adjustments, no
cleaning and suffer no mechanical wear or
variation in operating speed. ‘T'ime wasting
‘cut and try’ methods are also eliminated
during system design—using Norbits you
can plan your complete system on paper
and know that what you plan will work in
practice.

Furthermore, one basic Norbit gives you
any switching function you need. No con-
tacts, no sparking, no heat to dissipate,

e i

NTACTS!

unaffected by detrimental atmospheres
dust, abrasive particles, humidity, corro-
sive fumes, hazardous atimospheres —the
reliability of Norbit static switches has been
proven in practice and by exhaustive
quality testing.

Here’s all you need to know 1iow
does the Norbit switch if it uses no contacts?
Just regard the Norbit as a switch which
does not open or close, but one which
either conducts or does not conduct.
Furthermore, there’s no need for you to
know any electronic theory to understand
Norbits and apply their many advantages.
Free to the practical engineer write
for a free copy of * Static Switching Simply
Explained’. This booklet giwves you a
completely non-mathematical explanation
of Norbit static switches — what they can do
and how they can be used. Write today for
this practical guide to contaciless switching
using Norbits.
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Marine Lighting Equipment by W. J. Markwick

A transistor circuit is described for the control of marine lighting
equipment which must flash in a predetermined code. A feature is
the low power consumption and wide battery voltage permissible.

Some 15 ampere-hours per year is attaimed with voltages from
4:5to 18.

Tunnel-Diode Computer Stores by P. M. Thompson, M.A.

With the trend towards higher speed of operation in computers, the
time taken to insert information into a store. or to extract it from
it, must be kept to a minimum. The tunnel diode can be used as
a storage element and is the fastest operating one now available.
Its use in a computer store is described in this article.

Minertia Motor hy Teruyuki Fukuda

Designed for use as an actuator in high performance servo-
mechanisms, the Minertia motor has exceptionally rapid accelera-
tion. With an output of 30 kW at 3,000 r.p.m. the accelerating time
constant is only 5 milliseconds.

Eddy-Current Testing by W. E. Schall, B.Sc

Testing of conductive materials is conveniently effected by inducing
eddy currents in them. This article explains how a specimen reacts
on the test coil and describes some of the apparatus which has been
developed,for testing purposes.

Collection of Analogue Plant Data for On-Line Computer
Processing by J. F. Roth, B.Sc.

In an industrial plant, information required by the control system

is derived from various sources. Where these are physical quan-

tities, corresponding analogue signals can normally be made avail-

able, and this article describes the way in which these are made

suitable for on-line computer processing.

Duality and Tunnel Diodes-—Pt. 2 hy P. J. Langlois, M.Sc.
Continuing the discussion of duality, examples are given of tunnel-
diode circuits for multivibrators and ring counters and their deriva-
tion_from_their gas-tube duals.

continued overleaf
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334 Backward Diode Modulators hHy D). P. Howson. \.Sc.
The characteristics and construction of a backward diode are
outlined. and a simple discussion of the theory of its operation is
included.  The properties of the deviee that are of interest for
modulator applications are discussed, and it is shown that in certain
respects the backward diode is superior to any other semiconductor
diode vet developed.

338

Magnetostrictor Equivalent Circuits by C. F. Brochelshy. B.Sc.
Lumped-element equivalent circuits for a magnetostrictor are
derived by a simple, direct route which exposes the underlying

physics, includes from the beginning an adequate representation of

magnetic and mechanical losses and contains no approximations
beyond those implicit in the model adopted.

FEATURES
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306 Magnetic Hardness Moni- AT
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Next Month

The April issue will include an article on the use of electronics for

testing

apparatus greatly simplifies fault-finding in car engines.

internal combustion engines. De%igned for garage use the

Other

articles will deal with the use of nucleonics for friction and wear
measurcment and with control systems for heating and air-
conditioning,

Permission in writing from the Editor must

© lliffe Electrical Publications Ltd., 1963

or comments are allowed provided acknowledgment to the journal is given,

MARCH 1963

OUR COVER

This picture shows high-steed digital storage
apparatus under investigation at the Roke Manor
Applied Research Laboratories of The Plessey Co.
(U.K3 Ltd  An article in this issue describes the
tunnel-diode storage elements employed.

TO SAVE YOUR TIME

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

Sirst be obrained before Ieuerpress or illustrations are reproduced from this journal, Brief abstracts
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SAVBIT ﬁ

for factories

Supplied to factories as
standard, in 7 lb. or 1 |b. reels
of 14, 16 and 18 s.w.g., packed
in easy-to-handle 28 |b. cases.

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

SAVBIT

Approx. No. of feet per lb.
S.w.g. Ft.
10 24

12

Industrial Electronics March 1963 1
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© Vitramon Laboratories, Ltd., 1963

12

PORCELAIN

/

x| L7
of BN CAPACITORS FROM UK.

VITRAMON' PORGELAIN
& GERAMIC

A

Now avallable In U.K. from a British source are the world famous
‘VITRAMON' capacitors, including the ‘VY’ Porcelaln Capacitor—
the only one of its kind. Keeping In step with industry’'s insist-
ance on component reliability for new technological advances,
Vitramon Laboratories maintain an extraordinarily high level of
reliability through a unique production process, the use of finest
materials and intensive quality control.

'VY' Porcelain Solid-State Capacitors

Available in U.K. military preferred sizes from 10pf to ‘0047 uf (5%
tolerance); these Microminiature types equivalent to American
CY12 and CY16 series; meet tests more stringent than DEF/5131,
‘VK’ Microminiature Ceramic Capacitors

Available capacitance sizes from 10pf to -01xf (+10%) 200 VDC,
150°C. Case size 3”X-3”"X"1” for values up to -O1uf. Less than
1000pf smaller size (-2 X:2” X1") available.

Send to us for details or ask a representative to call.

Vitnaman

CAPAGITORS

* All tracemarks in this advertisement are the property of Vitramon,
Incorporated, Monroe, Connecticut, U.S.A. Products included in this
adverticement are made by Vitramon Laboratories Limited. in accord

ance with the specifications and quality standards of the trademark
owner,

Vitramon Laboratories, Ltd.,
United Kingdom Enquiries: 45 Holloway Lane, Harmondsworth, Middx.

Tel: SKYport 1829.
Export Enquiries: Dage Corporation,
219 East 44 Street, New York 17, N.Y.

MC & PVI

Industrial Electronics March 1963
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PULSE MODULATOR VALVES

HYDROGEN THYRATRONS

A complete range of hydrogen-filled thyratrons of the
world-renowned Kuthe manu‘acture is now available in
Great Britain from STC Valve Division.

The hydrogen thyratron is now the accepted pulse modu-
lator device for the higher kilowatt and megawatt peak
power applications.

Ilustrated is the new super power KU-275. The ceramic
construction permits operation at very high power levels

VACUUM TETRODES

The STC range of Vacuum Pulse Amplifier Tetrodes grows
steadily as does their reputation for reliable service. The
latest valve to be added to the range is type 4B/550E which
is a smalier version of the now very popular 4B/603E.

| L Code 3ID21A 4B/SS0E 4B/603E 4B/602€
relative to the physical size of the valve. T — BT - % —
THYRATRONS | KU70| KUTt| KU 72| KU 73| KUT4|KUZ27¢|KU2TS oy ke LN e
Performance Factor (x 10%) | 27 &0 | 70 | 200 | 40.0( 55¢| 4000 ) (kV) B 3.5 2 L
Peak Power Output, Megawaits 04 | 1.0 | 35 | 120 | 330| 60.c| 100.0 Locak (A) | 7 10 15 15
Forward Anode Voltage, Kilovolts | 8.0 | 120 | 200 | 250 | 30| 50.0 50.0 Vg2 W 0.8 0.8 125 1.25
Peak Anode Current. ;rmnuves 100 ’300 B % »‘('00__ 2000 3000 Az‘woi Vg1 bias (V) Ty;&cal 150 500 800 800
Average Anode Current, Amperes 0.100 [ €.200 | 0.300 1.5 4.0 ‘72 —vaﬁ Vot §UIse— (V) Tyoical 7 200 700 1025 1025
Seated Height. Inches 1.5 1.8 2.3 | 5.2 710.70| —122 _ 16_(3 Equivalent

Oiameter, Inches 10 | 14 | 18 | 30 45 45 85 Codes cvaess | | Cvas Cvar

Write, ‘phone or Telex for information on the complete range
of hydrogen thyratrons and diodes.

Write, 'phone or Telex for full data sheets.

STC Valve Division, Brixham Road, Paignton, Devon, or London Sales Office, Footscray, Kent. Telephone FOOtscray 3333. Telex 21836

Industrial Electronics  March 1963 " 3
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25 AMPERES
SILICON RECTIFIERS

with dual polarity

Available from Stock

STC RS600 Series silicon rectifiers are rated at 25
amperes at 125 C stud temperature with crest
working voltages from 100 to 600V. They are available
with a choice of stud polarities to facilitate the
assembly of diodes with heat sinks,

RS600 diodes conform to VASCA outline SO.32A
and are flexible lead versions of VASCA outline
S0.13, JEDEC DO-5 and IEC 1-104.

0-687in. l
%428 UNF.  1745¢cm.

= !

6-5in.(nominal)
16,5 cm.

RS600 MAXIMUM RATINGS
(125°C stud temperature)

Average forward current 25A
Surge current (5 milliseconds) 500A
Crest working reverse voltage up to 600V
Non-repetitive peak reverse voltage (one cycle)

up to 800V
Storage temperature range —60'C to +150'C
Mean dissipation 30w

RS600 ELECTRICAL CHARACTERISTICS
(max. values)
Average reverse current at 125°C stud tem-

perature and at rated voltage and current 1-5mA
Forward voltage drop at 25 A d.c. 11V

Diodes and heat sinks, assembled into stacks, are
available in all circuit configurations.

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

G0 COMIPONENTS BEVIEY
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NEW
TANTALUM
CAPACGITORS

STC announce the introduction of a range of wet—electro-
lyte Sintered Anode Tantalum Capacitors. They combine
the high space factor resulting from the use of a porous
sintered body with working voltages up to 100V d.c.

SILVER STUB
COLD WELDED

WELD BURIED iN
PRIMARY RESIN SEAL

SINTERED ANODE
IMPREGNATED WITH ELECTROLYTE

e 9
/ / T7777AN
: / %V/ X
T T — = - s
&L LN
%
SILVER CASE RESIN ENCAPSULATION

An exceptional feature is the low leakage current which
has a highly stable performance on lite test.

TYPICAL CHARACTERISTICS
VARIATION OF LEAKAGE CURRENT WITH TEMPERATURE
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Actual Size

39 uF @ 6V to 2.7 uF @ 100V 68 «F G 6V to 47 «F @ 100V

Write, 'phone or Telex for Data Sheets to STC Capacitor
Division, Brixham Road, Paignton, Devon or London Sales
Office, Footscray, Kent. Telephone FOOtscray 3333 Telex21836.
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THREE NEW RELAYS

TYPES 24 AND 25

These miniature industrial relays and sockets are now
available to industry. They are interchangeable in form, fit
and function with well-known continental types. For maxi-
mum economy, the preferred configuration is 2-changeover
contacts (Type 24) or 4-changeover contacts (Type 25),
with coil voltages as required.

To ensure optimum reliability of pertormance, silver/gold
contacts are used together with a cover formed from non-
gassing plastic. For a.c. operation, suitable STC quality
rectifiers are available; voltages should be specified with
order.

TYPE 11200 TWIN RELAY

These are, basically, 2 = PO 3000 Type relays, but special
flat coils are fitted, together with two special armatures each
operating one springset. One or two windings can be sup-
plied for each core. For 50 V d.c. working, 1 000-2 000 ohms
coils are used but they are available from 5-3 000 ohms if
required. The Type 11200 twin relay is recommended where
price and spacec-saving are important considerations.

TYPE 11301 '‘DOLLAR’ RELAY

A d.c. relay for general use where space and cost are
important and where high current capacity is not required.
‘Dollar’ relays are available for 6, 12, 24, 48 or 60 volts
working with coil resistances from 100-6 000 ohms, They
have one changeover contact which will switch either 0-3 A
at50Vd.c. or1-0 Aat 50 Vd.c.depending on contact material.

OTHER TYPES

Other types in the STC ranges include reed switches and
relays, PO 3000 Types and PO 600 Types. PO 3000 Types
are available in quantity with ten days delivery,

Write, 'phone or Telex for STC relay literature and prices to
STC Electro-mechanical Division, West Road, Harlow, Essex.
Telephone Harlow 21341. Telex 81184.

Industrial Electronics  Marcel 1963
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NEWSILICON
EPITAXIAL
PLANAR DIODES

FOR FAST SWITGHING

UP TO 30V PIV

The BAY31 and BAY36 are new silicon epitaxial planar
high performance diodes. They are specially designed for
use in logic circuits working at frequencies of up to 10 Mc/s.
Exceptional ruggedness and standardized dimensions
make these diodes eminently suitable for use on printed
circuit boards.

@ LOowcCcosT _]
B HIGH SPEED
@ HIGH FORWARD CONDUCTANCE
B LOW REVERSE LEAKAGE CURRENT
B PLANAREPITAXIAL CONSTRUCTION '
B RUGGED DESIGN ‘
@ DO-70UTLINE ' '
e
Actual Size
CHARACTERISTICS (AT 25 C)
I (Max) at —10V 100nA
V., (Max)at 30mA 1-0V
*t (Max) to 1mA 5-Ons
*(, - 10mA, vV, 6V, R_— 100 )
MAX. RATINGS
V. (mean, peak or transient) 15V (BAY 31)
V. (mean, peak or transient) 30V (BAY 36)
" (mean) 100mA
I (peak) 200mA
ot 200mW
T (operating) 100 C
DIMENSIONS:
0-020 in.
_L 0,51 mm
DIA.
[ ! I
— 1in. -~ 0-3in, .
25,4 mm} min. )f( 7,62 mm }’“va—"){ (2),;:7m':1

} max,

Werite, 'ohone or Telex for advance Data Sheet to STC Tran-
sistor Division, Footscray, Sidcup, Kent. Telephone FOOtscray
3333. Telex 21836.
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A NEW
CONGEPT

IN MODULAR
CONSTRUGTION

THE MINISTAG

AN STC SERVIGE FOR CIRGUIT AND EQUIPMENT DESIGNERS

G COMPONENTS BEVIEW

STC will design your circuit into a Ministac to provide the
most compact and economic module. Ministac modular
assemblies provide a reliable and flexible system suitable
for use with standard size conventional components, the
packing density being at least twice as great as that possible
with printed circuits at comparable prices. The design
permits manufacturing methods which bring the small
production run within the same price range.

Ministacs are designed and manufactured from equip-
ment designer’s circuit schematics. Prototypes can be
made available at short notice.

The salient feature of the design is its flexibility. It is
capable of accommodating all components in the small

MINISTAC ADVANTAGES:
Complete flexibility in design
Uses standard components
Improved packing density
Short runs at low cost

Can be used with miniaturized components and thin
film circuits

Easy access to components for servicing
Suitable for potting

Terminals suitable for printed circuit or solderless
wrapped wiring connections

power field and of embodying any normal circuit without
difficulty. The design is equally suited to miniaturized con-
ventional components and thin film circuits all of which
can be removed and replaced without danger of damage
to connecting points or other components. Access to
adjustable items such as potentiometers and variable
capacitors can be provided on the upper or lower face of
the module. For components which cannot be supported
adequately by their lead out wires a sub-plate is provided.

The composing of Ministac circuitry is a simple and
effective operation which is standard for long or short runs.
The operation is merely the pressing-out of unwanted
circuitry from nickel silver pre-formed circuit paths.

Stock material from which Ministac circuitry is punched

Wiring pattern cropped from stock material, but still
supported by matrix side pieces

Write, 'phone or Telex for Advance Information Leaflet to
STC Rectifier Division, Edinburgh Way, Harlow, Essex.
Telephone: Harlow 26811. Telex: 81146

Send us your circuit schematics; we will provide components
and produce MINISTAC modules to meet your specifications

Srandard Telephones and Cables Limifed

COMPONENTS GROUP

FOOTSCRAY SIDCUP KENT
Industrial Electronics March 1963
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STC

introduce

SPECIAL

QUALITY

tantalum
capacitors

For equipments demanding
components of the highest
quality, STC produces a range
of SPECIAL QUALITY tantalum
foil capacitors. These are based
on the STC High Temperature
tantalum range which is known,
from life test data and field
experience, to be inherently
capable of high reliability.

Using established statistical
control techniques, variations
in manufacturing processes
and raw materials are tightly
controlled -and the full intrinsic
reliability of the product
realized.

STC SPECIAL QUALITY
tantalum capacitors are
manufactured on a batch basis
under full Quality Control. They
are then formed into lots which
are released only on the
successful completion of
extensive Quality Assurance
(destructive) tests carried out
on a statistically chosen
percentage. These Acceptance
Sampling tests extend up to
1000 hours.

For tull intormation write, ‘phone or Telex

Srundard Toleptones amd Cables Limired
CAPACITOR DIVISION: BRIXHAM ROAD PAIGNTON DEVON
Telephone Paignton 58685 - Telex 4251 tondon Sales Office: Footscray
Kent - Telephone FOOtscray 3333 - Telex 21836
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ENCAPSULATED-IN A THRICE!

in a silicone rubber that's quick and easy to use . ..

COLD-CURE SILASTOMER." This versatile silicone rubber which
sets at room temperature gives you, in three simple operations, a
rubber with the properties of oven-cured Silastomer—in minutes!
Cold-Cure Silastomer is available in three different viscosities to
suit different processing techniques, and its outstanding properties
include:

Operating temperature range —50 C to - 250 C

Outstanding electrical insulation

High thermal conductivity

Effective protection against moisture, dust, oxidation, weathering,
ozone, corona and mechanical shock.

Free sample. Write for a free sample and for our booklet on Cold-
Cure Silastomer (Ref. K.28.) which gives full information on
properties and applications.

*Silastomer is the registered trade name of a comprehensive range of silicone
rubbers made and marketed by Midland Silicones Ltd.

M'DLAND SILICON ES LTD first in British Silicones (Associated with Albright & Wilson Ltd. and Dow Corning Corparation)

68 Knightsbridge ,Loridon , SW1 Tel: KNightsbridge 7801 Area Sales Offices : Birmingham, Glasgow, Leeds, London, Manchester Agenls in many caunlries.

TWO

MSRIS ‘A
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TO DESIGNERS

OTOTYPE & MAINTENANCE ENGINEERS

omprehensive range

ctronic Components.

Consult our catalogue for your requirements.
Our “By Return” Service will ensure
immediate despatch of your orders.

We produce a ¢
of high-quality Ele

Radiospares Lud.

4.8 MAPLE STREET * LONDON w.l ENGLAND
Telephone: EUSton 7232 (8 lines)

Telegrams: RADOSPERES, WESDO, LONDON  Cables: RADOSPERES, LONDON

Industrial Electronics  March 1963
9
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ANOTH THE LEKTROKIT RANGE

() RACK SYSTEM

The Lektrokit Rack Construction System

is a natural extension of the widely used
Chassis Construction System and comprises
a range of simple and inexpensive
component parts, from which standard
equipment racks can be constructed

quickly and cheaply.

g0 DO DD 00 DO D0 OO0 0O g0 00 OO0 00

SPECIAL FEATURES of the Lektrokit Rack System include:
Assembled racks and trolleys are light in weight but strong and of pleasing appearance.

Complete versatility —static racks for floor or bench mounting, mobile racks and trolleys, can all be constructed from the
same limited range of components.

Unlimited expansion potential of the assembled racks, laterally as well as vertically.
Parts are supplied singly or in kit form.

* %% %

The components are low priced and can normally be supplied ex-stock.

For full details of the Lektrokit Rack System write for the new illustrated 24-page Rack System Handbook, sent free of
charge and without obligation.

Please send my free copy of the
NEW RACK SYSTEM HANDBOOK Company

Also send a copy of the Address
CHASSIS SYSTEM HANDBOOK l:]

Name

Detach and send to :—

ELECTRONIC o v
A.P.’ I‘ INDUSTRIES HERTSEY ROAD, BYFLEET, SURREY

PHONE : BYFLEET 41131/2/3/4 PABX GRAMS: APTRAN, BYFLEET
LIMITED

[ S e A |

10 Industrial Electronics March 1963
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specify

Reliability
High conductance
Low leakage

Fast recovery
characteristics

Rugged, sub-miniature
all-glass construction

Operation up to 90°C
Low cost

point-contact general purpose diodes

High forward conductance

Max. average power dissipation
80mwW

Nominal capacitance at -10V 0.2pF
Operating and Storage temperature
range -60°C to 90°C

TYPE APPROVED *CV 7041 {CV 448 & +CV 7130

gold-bonded computer diodes

Extremely high fcrward conductance
Stored charge at 10mA 400pC
Nominal capacitance at -10V 0.4pF
Max. average power dissipation
80mwW

TYPE APPROVED *CV 7127

fast recovery computer diodes

High forward conductance
6 Nanosec typical recovery time
Nominal capacitance at -1V 1.5pF

WRITE NOW for complete data on the full range of Hughes — S
semi-conductor products, which also includes :— CRADL LS
Silicon General Purpose and Computer Diodes
Silicon Power Diodes and Rectifiers —or ask for
Voltage Reference Devices a Sales Engineer to call

High Voltage Cartridge Rectifiers

Voltage Variable Capacitors v

PNP and NPN Silicon Transistors
r—————————~———~————————_————-|

| HUGHES INTERNATIONAL (U.K.) LTD |
{

KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX TEL.: HOUNSLOW 522M2&P TP
3

Industrial Electronics March 1963 I
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SHORTS CONTROL SYSTEM ANALYSER CAN TELL
YOU IN ADVANCE HOW ANY AUTOMATIC CONTROL
SYSTEM WILL PERFORM IN SERVICE

Accurate foreeasting of the performance | Short Brothers & Harland Limited —
of control systems in the prototype stage | Europe’'s leading manufacturers of
can be an enormous saver of ime and | analogue computers.

money. This Control System: Anaiyser | Outstanding features include:

has become standard equipment in the | ® Ease of operation

aircraft and rmissile industries, in light | ® Low frequency operation

and heavy engineering, and in chemical, | ® Steady meter readings even at the
nuclear and marine engineer:ng. lowest frequency

As well as its use 1n design, it is also | ® Oscillator starts from zero and decay
a valual'le means of quality cantrol inthe | exponentially thus avoiding ‘' snatch ™’
producuon of centrol systems. It 1s built | ® Very low D.C. level

by the Precision Engineering Division of | ® Competitive price

SHORT BROTHERS & HARLAND LTD. FORANALOGUE COMPUTERS,

COMPUTER SALES DEPT. (IE), BERKELEY SQUARE HOUSE, LONDON W.1. TELEPHONE: MAYFAIR 9541
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PROCESS TIMER

Perfectly adequate for simple repetitive timing
but hardly a practical proposition for the
hundreds of timing applications in industry.
For simple reliable electronic timing
and sequence switching without
fuss the answer is
inexpensive Trigger
tubes.

Operating
directly from
rectified mains, they require
no special power supplies, they are
not affected by severe transient overloads,
they give visua! indication of current flow
and their characteristics are unchanged by
temperature fluctuations. Reliable to the
point of outlasting the useful life of their
parent equipments, Ericsson Trigger tubes
meet the most exacting industrial and
commercial requirements. The simple timing
circuit illustrated gives fcr example an
accuracy of better than 1°;. For tube data
and other timing circuits please
write to the address below.

GTE 120 Y TRIGGER TUBE

Tube Division ERICSSON TELEPHONES LIMITED

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

ERICSSON TELEPHONES LIMITED - ETELCO LIMITED Head Oftice: 22 LINCOLN'S INN FIELDS - LONDON WC2 Telaphone: HOLborn 6936
ER 53
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MIY.IIILIHI-FI’IEIE- E COAXIAL CONNECTORS WITHOUT SOLDERING

MULTIPLE b using A-MP COAXICON

Extraction for modification is effected instantly by a simple tool,

This is something unique — AMP crimping technique and precision applied to multiple
coaxial connectors.

Individual plugs and sockets are attached to coaxial cable by a single stroke of a hand
tool —inner conductor, braid and outer insulation being crimped simultaneously.

Plugs and sockets are then inserted into the corresponding moulding, where they lock
by retention springs. Extraction for modification is effected instantly by a simple tool.

Maximum efficiency of contact is ensured by the use of gold plated contacts and cantilever
beam springs for uniform pressure.

The AMP system gives minimum deformation of the inner conductor, and maintains
concentricity of conductor, dielectric and screening braid, resulting in excellent UHF
impedance matching.

Plugs and sockets are supplied in optimum sizes for specific cable dimensions. Application
time and costs are greatly reduced and consistent results ensured.

Write for full particulars.

AP 222

X
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WESTINGHOUSE

"TRINISTOR’
SILIGON CONTROLLED RECTIFIERS

With current outputs of 500 mA, I0A, 16A, 26A and 70A
at voltages of from 25 to 400 volts, there is a Westinghouse
“TRINISTOR’ silicon controlled rectifier to suit every
application.

For full details write to Dept. LE. 3/63, Rectifier Division,
Semiconductor Department.

WESTINGHOUSE BRAKE AND SIGNAL CO. LTD
82 YORK WAY - KINGS CROSS: -LONDON N1-TERMINUS 6432
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THE SIMPLE ARITHMETIC OF SUCCESS

457/, of the digital computers

produced in Britain last year

were made by Elliott-Automation

An easy sum proves Elliott-Automation is Britain's leading manufacturer of computers.
Take the total number of computers made in this country last year: one hundred and ten.
Subtract the sixty supplied by the rest of the British computer manufacturers. You are
left with fifty. Fifty computers, all made by one firm. Elliott. B Another way to demonstrate
the same conclusion: take the National-Elliott 803. One hundred and eleven delivered
in 1962 make it the best selling European computer. Fifty nine went abroad to nineteen
countries. Of these, Russia took three and America eighteen. These countries have
never bought any other British computer. B Elliott’s specialise in higher mathematics
...and simple arithmetic. The simple arithmetic of success.

- cdmputing division

ELLIOTT BROTHERS (LONDON) LIMITED ELSTREE WAY BOREHAMWOOD HERTFORDSHIRE ELSTREE 2040
LY A Member of the Elliott-Automation Group
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The Solartron series of precision eng-
ineered Power Supplies are a range of
compact and versatile units for use in
laboratoryor production applications.
These are designed to a standard
which invites comparison of their
common features with any other
Power Supplies available today.
STABILISATION RATIO

Percentage reduction of mains input fluctua-

tion is greater than 1000:1 over the range of
+ 749 of nominal setting.

INCREMENTAL VOLTAGE SETTING
Three decade switches simplify output voltage
selection andensure perfectrepeatabilitydown
to 100 mv, Accuracy + 29

TRANSIENT RESPONSE

Wide band control amplifiers maintain a very
low effective dynamic output impedance un-
der fast transient loading conditions.

100 . —
Load | Instantaneous
CURRENT Load

Gk =
Preset _yc;(im‘g___
-
s e Conventionat
s ———Power Supply
VOLTAGE Vaal Response
(10 -100usec)
|4

= - 2pusec TIME
Fig.l.  TRANSIENT RECOVERY

OVERLOAD PROTECTION

A fast electronic proportional control system
limits output current to any one of six pre-
selected values, thus protecting both supply
and load circuit completely, Automatic re-
setting to normal characteristic at the end of
overload condition allows reactive loading
transients to be handled without interruption
of D.C, output,
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REGULATED

TRANSISTOR
POWER SUPPLIES

LOAD
STURRENT

24

I } PRESET CURRFNT LIMT
VmA

«*; OF
PRESET LiMIT

)
OPEN CiRCuUIT LOAD RESISTANCE SHOAT CimcuIr

CLEAN D.C. OUTPUT
Ripple and noise components on output are
held to 1 mv PEAK to PEAK.

FLEXIBILITY

AS 1164 twin power supply may be operat-
ed in SEPARATE, SERIES OR PARALLEL
modes at the turn of a switch, without sacri-
fice of performance,

ISOLATED OUTPUTS

D.C. outputs are completely isolated and may
be operated at 4+ 250 volts with respect to
chassis.

VOLTAGE OVERSHOOT

No significant ‘“‘over voltage’’ transient occurs
on the output during switching ofeithermains
input or output voltage setting.

REMOTE SENSING

An optional remote error sensing facility is
provided on outputs in excess of 1 AMP to
eliminate volt drop in connecting leads,

REVERSE VOLTAGE PROTECTION

The supplies are protected against any excess-
ivereverse voltages which might be generated
by the external load circuit.

Type Voltage Range Current Range
AS 7573  O-50V 0-1A

AS 8703  O-30V 0-3A

AS 1164 0-30V Twin O-1A Twin

Detailed information will be gladly sent on request
and Solartron Engineers are available to discuss
applications, Write to:

THE SOLARTRON ELECTRONIC
GROUP,LTD. (Instrument Division)
Victoria Road, Farnborough, Hants.
Teiephone: Farnborough (Hants) 3000
Telex: 8545 Solartron Fnbro

Cables: Solartron, Farnborough
MC & PS 139
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ST COMMUNICATION AND CONTROL
CABLES IN WORLD-WIDE USE

Throughout the manufacture of STC telephone cables, product dependability is given major attention. STC
builds reliability into every cable by using the finest materials and by applying years of experience in the
research and development of Communication and Control Cables.

STC Cable Divisions are contractors to the British Post Office, British Railways, Commonwealth Government
Departments and numerous Home and Overseas administrations.
STC will gladly help you select the correct type for your particular system requirements.

@ Miniature High Frequency Coaxial Cables @ Radio Frequency Cables @ Telephone Distribution
Cables @ interphone Cables @ Miniature Electric Cables @ Equipment Wires

Write, 'phone or Telex for STC Cable Catalogues:

Srandard Telephores and Cables Limired

RUBBER AND PLASTIC CABLE DIVISION
CORPORATION ROAD - NEWPORT - MONMOUTHSHIRE
63/6H Telephone Newport 72281 - Telex 49368
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INDUSTRIAL ELECTRONICS

Comment

Being largely concerned with the applications of electronics we do not deal
very much with fundamental research. We recognize its importance and we
ourselves like to know what is going on. Some of it is quite curious. It is
well known that electronics is widely used by biologists as an aid to under-
standing. For instance, circuits capable of ‘learning’ are constructed to help
in understanding how the brain works (‘Memory and Learning Circuits’,
Industrial Electronics, November and December 1962).

There is now reported just the reverse of this. Biological research is being
undertaken with a view to finding out how to improve electronic apparatus!
It is usually considered that the eye is somewhat analogous to a mosaic of
photocells whose outputs are passed to the brain, the real process of seeing
being carried out in the brain which acts as a data processor to sort out the
information passed to it from the eye. It now appears that this is not wholly
true. In some cases, at least, the eye itself seems to do some of the processing
and this not only relieves the brain of work but reduces the number of com-
munication channels necessary between eye and brain (Frontier, Autumn 1962).

The frog's eye is one example of this. Behind the retina there is a neural
structure which is connected to the brain by four types of fibres. Each type
responds to different sorts of stimulus on different parts of the eye. One is
stimulated if the sharp edge of an object moves into the field of vision.
Another responds to a small object passing through the field, a third mainly to
moving objects, and the fourth to changes of light intensity.

The frog seems to have found a way of reducing its communication network
load by doing some of the data processing in the eye instead of the brain.
Something similar might be possible in electronic equipment by providing the
sensory devices with built-in elementary data processors. A very crude illustra-
tion consists of two concentric rings of photo-conductive material. A battery
is connected from the centre to the outside and an output taken from their
junction. A constant output is obtained whenever the device is uniformly
illuminated, but the output changes if the device is only partially illuminated.

Although we doubt if all this will have much immediate effect on electronics,
the ideas which the research is generating may well have their effect in time to
come. This may be in enabling new things to be done or perhaps only in
simplifying the hardware needed to carry out what we can do already.

Standard Frequencies

When we were Electronic Technology
we published regularly the daily devia-
tions of certain standard-frequency
radio transmissions so that users of
them could make any necessary correc-
tions to their measurements. We
ceased to publish them when we became
Industrial Electronics because their in-
clusion no longer seemed appropriate.

Of these transmissions one of the
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more important is Droitwich. Although
not officially a standard-frequency
transmission the carrier frequency of
the B.B.C.’s Light Programme trans-
mission on 200 kc/s is so accurately
controlled that it forms a useful
standard frequency. It is widely used
as such because it is readily received
almost anywhere in the U.K. and
because it transmits for long periods
every day.

It has recently been announced that
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the frequency stability has been improved and
is now maintained within § parts in 10°.
The diurnal rate of frequency change is not
more than | part in 10!'° and the resultant
error is corrected on the first Sunday of each
month. During 1963 the transmission time
will be increased to 20} hours each weekday.

The Droitwich transmissions will thus be
more useful than ever in the future and they
will be accurate enough for many purposes
without any correction. Where a knowledge
of the deviations is needed for very accurate
work, however, details of them can be
obtained on a monthly basis from the
National Physical Laboratory, Teddington,
Middlesex.

Mending Telstar

We talked last month a little facetiously
about the repairs to Telstar. At that time
we had only a report that equipment in the
satellite had failed and been mended by
action from the ground.

Details of the fault and how it was remedied
have now come to hand, and the engineers
concerned have certainly been clever. The
fault lay in the command decoders and
developed somewhat gradually; it was
suspected that some of the transistors in
these circuits had become damaged by high
intensity radiation.

The deterioration of transistors under
radiation is greatest under reverse bias
conditions, a normal condition in Telstar,
but they tend to recover towards more normal
operation if the reverse bias is reduced or
removed. It was noted that the command
function would fail during the first few
passes of a series and then begin to operate
again, and this led to the deduction that the
first few command signals, which affect the
reverse bias, were enabling the transistors to
recover a little.

The engineers then set to work to devise a
command signal which would set the tran-
sistors into operation in spite of their
deterioration, in the hope that they would
then recover. A command decoder was
irradiated in the laboratory to find out
which parts of the circuit were the most
sensitive to radiation. A command signal
which would operate the circuit in spite of
the damage was then devised.

A zero gate was found to be the most
likely part of the circuit to be at fault.
This is operated by a short pulse, a long
pulse being used for ‘ones’ in the code.
However, it was found in the laboratory that
a long pulse with a notch in the middle would
operate the zero gate of the irradiated
decoder.

It was tried on Telstar and worked! New
command codes were devised and as the

transistors began to recover it at length
proved possible to operate the switch dis-
connecting the batteries so that the transistors
could be given a lengthy period without
reverse bias. In this period they recovered
so well that the circuits now respond to
normal command signals.

All this breaks completely new ground in
repairing electronic apparatus. In a sense
the people concerned were lucky in that the
fault was one which it was possible to treat
from the ground. Nevertheless the success
of the attempt reflects great credit on the
engineers concerned.

Ultrasonic Rotator

One thing which makes the electronics
field so interesting is the way in which new
developments keep occurring. With the
enormous increase in knowledge in the last
twenty years or so one might reasonably
expect that we should by now be entering a
period of relative calm, a period of consolida-
tion or even of stagnation. But there are no
signs of it. New things keep on cropping
up and the difficulty is to keep abreast of
them all. .

There is now news of a device which will
rotate the plane of polarization of an ultra-
sonic wave. It is analogous to a ferrite
rotator for electromagnetic waves and as the
direction of rotation is similarly independent
of the direction of travel of the wave an
ultrasonic isolator becomes possible. This
might be very useful in ultrasonic delay lines
since it would make it possible to eliminate
the effects of reflections at the terminations.

Bell Laboratories have developed the
device, which comprises a single crystal
yttrium iron garnet in cylindrical form with a
quartz disc bonded to each end. An axial
d.c. magnetic field is applied. In the tests. a
pulsed r.f. field was applied to one quartz
plate which developed a plane-polarized
ultrasonic wave pulse of 500 Mc/s. The
second quartz disc, of course, is set in
vibration by the wave which has travelled
through the garnet and produces an electrical
output; it is, of course, sensitive to the
polarization of the wave. The plane of
polarization of the wave propagated through
the garnet is rotated by an amount which
depends on the length of the garnet and
upon the strength of the magnetic field
applied to it.

The planes of the transmitting and receiv-
ing crystals must be at an angle to each other
and then the magnetic field can be adjusted
for maximum output. A wave reflected
from the receiving crystal has its plane of
polarization further rotated in passing back
through the garnet and so excites the trans-
mitting crystal but little.
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A transistor circuit is described for the control of marine
lighting equipment which must flash in a predetermined
code. A feature is the low power consumption and wide
battery voltage permissible. Some 15 ampere-hours per
year is attained with voltages from 45 to 18.

MARINE LIGHTING
EQUIPMENT

has been in use over the past 25 years, particularly in

the U.S.A., and. in general. the primary and secondary
batteries, fittings and lamps have proved very satisfactory
in service, The majority of small lights, however, must be
switched to a recurrent character for identification and
economy of battery consumption. and experience has shown
that switching mechanisms based on cam-operated contacts
require more frequent attention than other components of
the system. As a battery life of two years is obtainable at the
present time, unattended operation for at least the same
period is desirable for the character switch. This require-
ment in combination with the further requirement of
extremely low power consumption indicates contactless
switching and timing using solid-state circuits,

Several arrangements are available using various forms
of bistable circuits to control a power transistor as the cur-
rent switch, but the base input power required to hold a high-
current transistor saturated is quite appreciable. In this
respect, silicon-controlled rectifiers controlled by comple
mentary transistor circuits have outstanding advantages,
viz:—

BATTERY-OPERATED marine lighting equipment

(1) the d.c. coupled complementary bistable circuit has as
its two stable states-—(a) the condition where both
devices are cut-off, and (b) the condition where both
devices are conducting,.

(2) the silicon-controlled rectitier used as a switch requires
no power input to hold it in its conducting state,

Therefore, it can be seen that if the non-conducting state
of the control circuit can be arranged to occur during the
load-off pertods, the total power consumption of the circuit
can be negligible,

As the character of the light flash is an identification, a
very wide range of timed switching facilities must be readily
available in a standard unit, which should also be able to
control any lamp size at both 6 and 12 valts. In practice.
a time range from 0-15 sec to 90 sec for anv event. and
lamp sizes from 2 watts to 60 watts, will meet almost all
needs.

* Stone-Chance Ltd.
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By W. J. MARKWICK*

The block diagram. Fig. 1. illustrates a system meetng
these requirements, where independent control is available
over the following variables:

(1) Duration of 'load-on’ periods

(2) Recurrence rate of 'load-on’ periods
(3) The number of periods in a group
(4) Recurrence rate of complete group

(1), (2) and (4) are controlled by the value of a single
resistor in each case, and (3) is determined by the position
of a link in the circutt.  These control points are brought out
to the front panel of the unit, where an interchangeable plug
can be used to determine the character and mode of opera-
tion of a particular installation.

The basic circuit of each of the timing elements is shown

L0AD
ON PULSES OFF PULSES
T W 15 &
s Rsc:r;r;ssncs > SCR SWITCH <€— DURATION
‘I L 1
- e - —
GROUP SWITCHING H DURATION CONTROL
] (1F REQUIRED)
'
'
L
L'P ROUP lmcmg';on
GROU
RECURRENCE - e
3| RATE
P.E. SWITCH
Fig. 1. Block diagram of control equipment
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(a) (b) (¢)

Fig. 2. Timing and switching circuit.
controlled rectifiers fur load switching are at (¢)

in Fig. 2(b). This is an n-p-n/p-n-p complementary-pair
trigger circuit, controlled by a resistance-capacitor charging
circuit R, €. The trigger circuit is normally stable with
both lramlslors at cut-off. When the positive reference
supply is applied ', will commence to charge and this rising
positive potential is applied via the emitter-follower T, to
the base of T,.

At some point up the charge curve of (. sufficient base
current will flow in T, to initiate regenerative action, the
positive feedback for this being via R, and C, from the col-
lector of T,. Up to this time ', has been uncharged. as
T, collector has been at supply common potential and the
base of T, will not have been above approx. 0-5 volt. There-
fore, the full supply voltage is available initially as a source
to drive T, ‘on’. Immediately this occurs, C, will commence

Here the Onmiflasher is partially removed from its case. Plug-
in units whicl enable the coding to be changed are also shown
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The stahilized power supply is ar (a).

the timing circwit at by and the silicon-

to charge via R, and the base-emitter junction of T, at the
same instant. the main timing capacitor C, will be cldmped
by the discharge transistor to the common supply Therefore,
the holding base current of T, is only the charging current
of C,. and the duration of holding is determined almost
entirely by the time constant ¢, R, of about 1 msec
Eventually, as C, charging current falls, T, will come out of
saturation and lmmedlately a reverse re},eneratxve action
takes place, as T, collector returns to the common supply
potential. The T base side of (', is driven negative to the
emitter to the extent of the charge during the pulse In this
application, the recovery time of the circuit is of no
importance. as the recurrence time i1s always many times
longer than the pulse action.

Therefore the circuit will produce at the coilector of T,,
I-msec wide pulses at a rate controlled by R, C,. The
emitter follower T, is used to enable a very wide range of
control to be obtained by varying R, only. The output
pulse available is almost the full supply voltage and as T,
is fully saturated. it is from a source impedance approach-
ing that of the supply. This pulse is suitable for driving
the gate electrode of a silicon-controlled rectifier.

Two points of importance should be noted in this

circuit:—

(1) The loop gain of T,, T, is very high and the trigger
current is approximately S nA. Therefore, the circuit
can be considered to be triggered at a voitage level
fixed by the base-emitter junction voltage drop, which
is independent of supply voltage over wide limits.

(2) In the absence of the positive reference potential, the
whole circuit is cut-off. Therefore, switching the posi-
tive reference at very low current levels can control
the entire operation up to the load.

The latter feature is used to control the operation of the
duration timing circuit. The reference is derived from the
load circuit and timing is initiated by the switching on of the
load. It is obvious that the charging time is dependent on
the reference voltage, and while the free-running pulse
generators have a stabilized reference (see below), in the case
of the "on® period some modification of the timing is
required when the load is a filament lamp. The heating time
of the filament is a function of the lamp power rating, and
to obtain the same duration of light output, power must
be applied for a longer period as the lamp size increases.
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During the current surge in a cold filament the voltage across
the filament is low due to the supply internal resistance and,
therefore, if some part of this is used as the reference. the
timed duration is extended in a manner which is dependent
on filament size, but independent of the timed duration
setting.

The free-running pulse generators require a stable
reference voltage for the resistance-capacitance timing cir-
cuit. In order to be of the maximum use, it is necessary for
this equipment to operate normally on battery supplies
which may be as low as 4.5 volts. It is, therefore, necessary
to use reference voltages below this and obtain stability over
the range 4.5 volts to 18 volts. In practice. a reference
potential of 2 volts is convenient. but dithicult to obtain
with devices such as Zener diodes.

The temperature coeflicient of the reference potential must
also be considered. As described above, the voltage level
at which the trigger circuit operates depends on the base
emitter potential of a silicon transistor. This potential has
the usual temperature coeflicient of a silicon junction and
correction is necessary to obtain high stability over a wide
temperature range. This can conveniently be obtained by
deriving the charging reference potential from silicon junc-
tion diodes. which have a similar temperature coetticient.
This coethicient varies shightly with current through the diode
and. therefore, a control of the temperature coetlicient
matching can be obtained by controlling the current in the
reference.

A circuit to obtain the reference potential is shown in
Fig. 2(a). The current in diode D is controlled by the value
of R.. and due to the negative feedback from the emitter-
follower T, is held virtually constant over a wide range of
input voltages. The current is chosen to give a temperature
coetlicient in the diode chain. which will correct for emitter
base voltage variation in the trigger circuit. To obtain a
low source resistance for the charging circuit, the reference
is taken from the emitter of T .

The repetitive pulse generator and the duration timing cir-
cuits are used to control an s.c.r. switch as shown in Fig. 2(¢)
which can be an on/oft control for load 1. or a changeover of
supply between loads | and 2. The positive pulses from the
recurrence rate generator. when applied to the gate electrode

SUPPLY T0 Fig.2(a)

Stone-Chance Zenithul Beacon fitted with the Omuiflusher
and a 6-lump exchanger unit
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of SCR |, switch the supply to load | and initiate the timed
‘on’ period. At the end of the period. a positive pulse from
the duration circuit switches SCR., and by the commutating
capacitor €. returns SCR, to the non-conducting state.
When used as an on/off switch. SCR., s made self-
eatinguishing by a value of resistor R, which limits the cur
rent in SCR, to less than the hold-on value. As a change
over switch, SCR ., controls load 2.

The foregoing circuits comprise a timed on/ofl mechanism
where the operation can be controlled by a positive voltage
applied to the input of Fig. 2. At this point the curreot ©
be switched is of the order of 1 mA and can, theretore. be
switched by small-signal transistors.

This point of control is used to obtain groups of on/off
wignals. A free-running pulse generator of the same design
is used to provide the timing of the group recurrence. but in
this case the pulse is used to initiate a bistable switch of the
complementary type, which provides the supply to the
reference circuit.  Thereupon. the recurrence circuit can
operate at its preset rate, and a count of the pulses from
the duration circuit (‘off™ signals) is used to control the time
of operation of the recurrence circuit.

The circuit is shown in simplified form in Fig. 3. T, and
T, form the bistable switch. n-p-n/p-n-p complementary,
which is switched to its stable "on’ state by a positive pulse to
the collector of T, and thence the base of T,. This positive
pulse. supplied by the group rate generator. also sets the
counter by firing SCR . The anode of SCR, is. therefore,
low in potential and, as a result, diode D on the gate of
SCR_is near the conduction point. Then if a positive pulse
18 applied on the count input, the only s.c.r. that can be fired
I8 SCR,; 1Le.. count pulses are ‘steered” to the next s.c.r.
down the counting chain. Fach in turn extinguishes the pre-
ceding s.c.r. via the commutating capacitor €. The operation
continues down the chain and it should be noted that the
state of the count is indicated by which s.c.r. is conducting at
any instant.

Everyone knows that the basis of a gyroscope i a
spinning wheel. It comes as something of a shock. there
fore. to find that it is possible to make a gyroscope which
does not embody such a wheel. Strictly. of course. these
new devices are not gyroscopes but ones which exhibit
similar properties. The word gyroscope is, in fact. defined
in terms of a spinning wheel and should thus be applied
only when a wheel 1s involved,

One of the new devices was exhibited at the 1963 1.P.P.S.
Exhibition by R.AE. [t is based on a tuning fork main
tained in oscillation by an amplifier. When the fork is
rotated with its base as axis. the rate of rotation causes
oscillatory reaction forces to be developed by the tines.
khey are proportional to the Coriolis acceleration of the
tines and act to form an oscillatory couple about the base
of the fork.

The fork is mounted on a torsion stem having a natural
frequency of torsional vibration which is the same us the
frequency of the fork. The couple on the fork then drives
it into torsional oscillation on the torsion stem and this is
detected by transducers.

The second new ‘gyroscope’ is also a vibratory device.
Developed by the Westinghouse Research Laboratories in
the U.S.A. it comprises a hollow c¢ylinder of a piezoelectric
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The last s.c.r., n in the chain, is arranged to self-extinguish
by a high anode resistor, and the output consists of a posi-
tive pulse (the discharge of the commutating capacitor)
from its cathode. The pulse 15 inverted and lengthened by
T.. R and €. and used to trigger the bistable circuit back
to 1ts cut-off state. This. in turn, switches off the recurrence
generator and the cycle ceases until the next initiation pulse
from the group generator.

A change of count s obtained by linking SCR, (the
‘priming’ s.c.r.) to the desired count number from the end
of the chain. The fact that the state of count is indicated
by the s.c.r. which is conducting can be used. if necessary.
to modify the operation of the duration timing circuit. The
conducting s.c.r. can be considered a short circuit for prac-
tical purposes and, therefore. can be used to change time
constant values in the duration timing, and obtain a change
in time for any pulse in a group.

The reference voltage switching to control the operation
of the entire circuit is carried further by using a photo-
electric control of the single or group rate generator when
this 1s desired. A cadmium sulphide photo-conductive cell is
used in a resistance bridge where unbalance will trigger a
d.c. coupled complementary pair to provide snap action
switching of the reference voltage. The on/off ditferential
1s arranged to be in the region of I : 1.5 to avoid “flutter’
on a slowly changing light level.

The illustration shows the construction of a complete unit.
which will switch laads up to 15 amps with an annual bat-
tery consumption (excluding lamp) in the region of 15 a.h.
The stability of character is + 3%, for supply voltages from
4.5 volts to 18 volts at temperatures from —20 Cto +70 C.

The author wishes to thank the directors of Stone-Chance
Ltd. for initiating this development and for permission to
publish a general description. Some of the circuit arrange-
ments described are the subject of a patent application.
No. 33744/62. Stone-Chance is a member of the Stone-
Platt Group.

material such as barium titanate. It is excited electrically
at high frequency and goes into radial vibration with the
two ends in opposite phase; that is, one end expands
radially while the other end contracts. As a result a
torsional vibration appears and any motion of the cylinder
about its axis is resisted by a counter torque.

It is 100 early to say whether either of these "gyroscopes’
will be of practical utility in replacing conventional gyro
scopes.  They have certain obvious advantages in their
small size and absence of moving parts.  This makes them
superficially very attractive, but at the moment there is little
information about their disadvantages. and in particular.
about the magnitude of the gyroscopic effect.

INFORMATION WANTED ?

If you require further details of products or pro-
cesses described or advertised in INDUSTRIAL
ELECTRONICS you will find it convenient to use
the enquiry cards which will be found in the front
and back of the journal.
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With the trend towards higher speed of
operation in computers, the time taken
to insert information into a store, or to
extract it from it, must be kept to a
minimum. The tunnel diode can be
used as a storage element and is the
fastest operating one now avajlable.
Its use in a computer store is described
in this article.

Tunnel-Diode

Computer Stores

By P. M. THOMPSON,* M.A., Grad.I.E.E., M.Brit.L.R.E.

COMPUTER or data-processing system usually
Aconsists of an arithmetic unit and several stores.

The stores contain the orders which define the
sequence of operations in the computer. and they also
remember partial solutions until they are required again in
the computation. With requirements for faster computers.
in many cases to keep up with events as they happen. quicker
operating stores also are required. and those which use
tunnel diodes as storage elements represent the fastest which
are at present available.

In addition to speed. the capacity of a store is an im
portant parameter. However, there usually must be some
compromise between speed and capacity. because both
increase the cost, and also the length of the conductors

* The Plessey Co. (LK) Ltd

required in very large stores limits the speed of operation
The usual practice is to have available limited high-speed
storage capacity, and to back it up with lower speed high
capacity stores. [t may eventually prove that the cost
per binary digit or bit of information is less for a small
store using tunnel diodes than it would be for a store using
one of the conventional slower storage elements, such as
magnetic cores in a two-core-per-bit system.

The bits are usually organized into words, and the infor
mation is read out, or written into the store, a word at a
time. A typical complete cycle consists of 4 operations
first, addressing the required word. then reading it, writing
information back in. and finally allowing all the circuits in
the store time to recover their quiescent state before a new
word is addressed. The cover photograph shows an engi

®
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Fig. 2. Single storage element (a), tunnel-diode characteristic with load line R (b), and the drive and output waveforms (c)

neer making measurements on a recently built wunnel-diode
store, the capacity of which is 32 words, each of 16 digits.
The complete cycle time is less than 150 nanoseconds
and it is organized in such a way that it can be connected
with any computer which can match its speed.

A block diagram of this store is shown in Fig. I. When
it is provided with the address of a word (a five binary-digit
code) and a confirmatory signal (address ready) the read
cycle can be initiated. Then at the end of the read cycle
the write cycle may be initiated. Signals are provided by
the store which indicate the progress of the cycle. e.g.
information ready, etc. Also, input signals can order the
store to rewrite the previously stored word. or to accept
new information, as required.

The Storage Element

A single storage element which stores one binary bit is
shown in Fig. 2(a). It consists of a tunnel diode E. a resistor
R to determine the bias current, and a rectifier diode D for
reading and writing. The separate storage elements are
connected in parallel to form words, as shown in Fig. 3.
and the read-write diodes are connected to digit lines. The
tunnel diodes are biased so that they have two stable states,
as illustrated in Fig. 2(b). so that the high voltage state
represents a ‘0" and the low voltage
state a ‘1. Now referring again to
Iig. 2(a) and (c). the sequence of
operation is as follows. At the begin
ning of a cycle the state of the tunnel
diode is read by switching the read
line to —500 mV. W.ith this voltage
on the read line, point A will be at
approximately 0 mV for a *0' and
—500 mV for a ‘1'. As the digit line
voltage for this part of the cycle is
zero, and the rectifier diode D requires
about 300 mV in the forward direction
to conduct. a current will flow in the
digit line for a ‘I, and there will be no
current for a *0’. This current flow wilj
add to the bias current in the tunnel
diode. and set it to the high or *0’ state.
Thus the tunnel diode will always be
in the '(" state at the end of the read
part of the cycle.

In order to write a new state into
the tunnel diode, it is reset to its low
voltage *1’ state by reversing the bias
on the write line ; and this is done with
the write pulse. If a ‘0" state is required,
the potential of the digit line remains at

Fig. 3.
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0 mV, and the tunnel diode 1s set to its high voltage state
at the end of the write pulse in the same way as for
reading a “1". However, if a ']’ state is required, the digit
line potential is taken to —500 mV during the write pulse.
s0 that when the bias returns no current flows in the recti-
fier diode. Thus the digit line performs the dual role of
transmitting a pulse of current from the storage element
to the read amplifier when a "I’ s read, and inhibiting
the conduction of the rectifier diode when a '1I" 1s written
into the element.

A complete word of 16 storage elements 1s constructed
on standard printed wiring board and it is complete with
its drive circuits. Thus the word may be addressed by
energizing the appropriate “pin’ on its printed connector.
and the cycle of operations will be started when it receives
the appropriate pulse from the control circuits

The Control Pulses

As the sequence of operations of the store s fairly com
plicated. and the cycle time less than 150 nanoseconds, the
pulses which control the operations need to be fast, and
their timing precisely controlled. The technique, which has
been generally applied throughout the store, consists of
generating fast and powertul pulses with avalanche transis

Arrangement of storage
elements into words.
32 words of 16 digits

There arc
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Fig. 4.

Simplified circuit of read pulse generator

tor circuits. and shaping them with transistor circuits
operating in the conventional mode, but providing little or
no gain. An example of this technique is illustrated in
Fig. 4. which is a simplified diagram of part of the circuit
which supplies the pulse to the read line. Here transistor
J, operates in the avalanche mode to provide a powerful
pulse. transistor J, partially shapes the pulse. and the tunnel
diode F holds J. in conduction until it is switched off
by another circuit.

The circuit operation in detail 1s as follows: Transistor
J, is a 2N711 which has an avalanche break-down ot
approximately 25 volts. Its emitter is held off by the forward
conducting voltage of D,. and its collector is connected
through a resistor R, to a negative supply voltage much
higher than its avalanche voltage. An avalanche current.
determined by R,. flows from base to collector. so that
when the emitter is made to conduct by a positive pulse
at the input, via diode D,, J switches on rapidly. and
discharges capacitor (. The resultant current flows in the
emitter circuit of J, and causes it to bottom rapidly. A
portion of this current also flows in R, and sets tunnel
diode E to the high voltage state. This in turn holds }
on when the avalanche pulse terminates.

The board shown in the photograph controls the timing
of the various operations in a cycle. 1t consists of a
35-nsec delay line, which is a printed conductor running
back and forth across the board. and six avalanche circuits
similar to the circuit of J, in Fig. 4. One avalanche circuit
feeds a pulse into the line. and the other S circuits can
have their input terminals tapped into the line at any multiple
of -5 nsec. The output pulses from these avalanche circuits
are used to initiate the various operations within the cycle.

The Digit Circuits

The digit lines, which transmit the read and write informa-
tion between the storage elements and the digit circuit, are
designed as S50-ohm transmission lines with the coupling
diode capacitance forming part of the line capacitance. The
read signal in the line which must be detected by the read
amplifier is approximately 1 mA or 50 mV. while the
amplitude of the write signal on the same line is S00 m\.
Thus the read signal amplifier must be designed to recover
from overload input signals rapidly, if there is to be a
minimum delay between one cycle and the next,

The digit circuit, in simplified form, is shown in Fig. S.
The digit line is taken negative, to write a ‘1", by a negative
pulse at A. This pulse is attenuated to S00 mV by the
50-ohm line impedance and R,. The read circuit consists of
transistor J, as the read amplifier, tunnel diode E, as the
current discriminator, and tunnel diode E, as the read
staticizor or flip-flop. The standing current at the collector
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Fig. 5. Part of digit circuit

of 1, is determined by resistor K, which 1s decoupled by a
small capacitor . The time constant of ¢ and the emitter
of 1, is short. about 10 nsec, and the recovery of the circun
from a write pulse is aided by a tunnel diode E| arranged
so that the voltage across it follows the write signal at the
base of J,. The amplified read pulse appears as an increase
in the collector current of J,. and switches E, to the high
voltage state when permitted by the read strobe pulse
Because b is switched back to the Tow voltage state at the
end of the read strobe pulse. the high voltage state of I-,
is used to set another tunnel diode E, to the high voltage
state.  Then this staticized output is transmitted to the
remainder of the circuit via transistor J .

The Complete Store

I'he complete store is contained within approximately
three rows of cards in a standard 19-mn. rack. as seen in
the cover photograph. and its speed 1s near the limit possible
with this type of construction, The boards are constructed
with printed wiring on one side and a continuous earthed
screening plane on the reverse side.  Also. most of the back
wiring of the racks is printed with an earth plane on the
reverse side of the wiring board. and all fast pulses are
transmitted by printed strip lines.

The circuits employ the techniques ittustrated in this
article. together with conventional high-speed techniques.

S a5

B e tl 77 £

Printed-circuit board from the control circuits. A 35-nsec delay
line is printed on the reverse of the lurge empty area
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The results indicate that it should be possible to decrease
the cycle time to 100 nsec and increase the capacity to 1.024
words if computer designers require it. These techniques
have permitted a great increase in the speed of computer
stores, and although further increases may soon be possible,
they must be accompanied by similar increases of the speed
of the arithmetic units with which they work.
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MAGNETIC HARDNESS MONITOR
FOR STEEL STRIP

STEEL strip from the cold-rolling mill normally has to
be annealed and tempered to bring it to the required
degree of hardness and ductility. In the continuous
annealing line. strip speed and temperaiure must be
accurately controlled in order to keep the final strip hard-
ness within close limits despite variations in the properties
of the ingoing strip. Such a control system obviously
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requires an instrument which can provide a continuous
indication of hardness.

There are a number of mechanical tests from which a
hardness value can be derived. but although they are
suitable for use on samples. there is no practical way of
adapting them for continuous on-line application. How
ever, magnetic hardness (coercive force), which is related
to mechanical hardness, can be measured on a moving
strip  without ditticulty. The British Iron and Steel
Research Association accordingly chose this as the basis
for developing a hardness meter.

The first stage in the development was to construct a
laboratory instrument to investigate the relationship
between the magnetic and mechanical properties of various
grades of steel under processing conditions. The general
arrangement 1s as shown in Fig. 1. The sample bar 1s
placed in the field of a d.c. electromagnet, which applies a
sutticiently large flux to saturate the sample, and a flux-
gate i1s applied to it.  The fluxgate is an instrument for the
detection and measurement of static (d.c.) and low-
frequency a.c. magnetic fields. A typical fluxgate probe
consists of two coils (with ferrite cores) mounted side-by
side and surrounded by a third coil. The inner coils are
connected in series but antiphase, so that with ac. flowing,
the two alternating fields cancel each other out. When
the probe is placed with its axis parallel to a d.c. field, the
tields associated with the inner coils are no longer balanced
and the resultant a.c. field induces in the outer coil a current
which 1s a function of the d.c. tield strength. The sample
being saturated. the current is then switched off, reversed
and slowly increased until the fluxgate reading falls to
zero. The demagnetizing current needed to achieve this is
a measure of the coercive force.

Correlation between the instrument readings obtained
and the mechanical hardness was found to be satisfactory
1n respect of the large number of samples tested and this
technique promises to be suitable for continuous process
monitoring and control. Fig. 2 shows the general
arrangement envisaged for on-line installation.  The signal
from the fluxgate s amplitied and used to control the
demagnetizing current so as to reduce the fluxgate signal
to zero.  Under these conditions the demagnetizing current.
being a function of the strip hardness, can be used to
provide automatic control of the annealing temperature
and /or strip speed. In the diagram the demagnetizing
current is merely used to give a visual indication of hard-
ness via a suitable calibration unit.
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MINERTIA

By TERUYUKI FUKUDA*

P to the present hydraulic actuators have been
' I widely used in high performance servomechanisms
when especially quick response is required.
Although electrical actuators are in some ways superior
because of their easier maintenance, simpler construction.
lower temperature dependency and better mechanical
accuracy, their slower response has made them impracti-
cable. This has now been overcome by the ‘Minertia’ motor
{Minimum Inertia Servomotor) which gives exceptionally
quick acceleration. An all-electric automatic copying lathe
using the Minertia motor has proved superior to hydraulic
systems.
The secret of the Minertia motor lies in is special arma
ture construction. It has no coil slots and the coils are

Stotless armature and conmmutator

secured on the armature core with epoxy resin.  As a result
the volume of the armature core can be reduced 10 less
than half that of the slotted core. The reason is that the
magnetic flux density in the air gap can be increased to
11.000-17.000 gauss whereas it is limited to 5.000-8,000
gauss in the slotted armature because of saturation in the
teeth. The armature diameter can also be reduced to less
than half of that of the slotted armature. As is well known,

* Yaskawa Electric Mig. Co.. L.1d., Yawata, Japan.
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Designed for use as an actuator in
high performance servomechanisms,
the Minertia motor has exceptionally
rapid acceleration. With an output of
30 kW at 3,000 r.p.m. the accelerating
time constant is only 5 milliseconds.

MOTOR

the armature diameter is partly restricted by the commuta
tion capability. In the Minertia motor the coils are mounted
on the surface, with the result that the self-inductance is very
small. The reactive voltage per coil 1s thus also small,
about one-tenth of that with a slotted armature. and this
causes an inherent improvement in commutation. This is
why the armature diameter can be reduced 1o less than half
of that of slotted machines. while still preserving ample
commutation capability against the large maximum torque.

In addition. the weighi of the coils is also considerably
reduced. The reduced core volume results in a shorter coil
length and the excellent cooling effect of coils mounted
on the surface permits the current density to be doubled.

The improved commutation capability enables the maxi
mum short-duration current to be increased to ten times
the rated continuous current. The maximum torque of the
slotted motor is about 250, of the rated torque.

In accordance with such a large maximum torque the
shaft diameter of the Minertia motor is twice that of conven
tional machines. An increase of shaft diameter in a slotted

EPOXY RESIN COoILS
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P
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Fig. 1. This diagram shows the arrangement of the coils on
the armature core
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Permanent-magnet field 1ype motor with rotor and end-plate
carrving the brushes removed

Motor completely assembled with an armaiure alonyside

Blower coiled motar showing the construction

lox

machine could be achieved only by making the armature
diameter larger. Because of the very small mechanical
time constant, it might be thought that the electrical time
constant L/R would have to be taken into account. How:-
ever, as the self-inductance is low and the resistance can
be higher than usual (because the cooling is good), it has
not proved to play an important role in the responsc
characteristic. Because there are no slots there is no slot
ripple in the main magnetic flux. At any angle of rotation
the torque is proportional to the current.

As the air gap and the magnetic flux density are large.
the effect of the armature reaction is minimized. Excellent
linearity is maintained even at 1,000 rated current.

Motor Characteristics

There are eight standard types of Minertia motor with
rated torques ranging from 3 kg-em to 200 kg-cm and
maximum outputs (at 3,000 r.p.m.) 0-9 kW to 60 kW.

As an example. the type MM-50 SR has the following
characteristics:

Rated torque S0 kg-cmn
Max. torque SO0 kg-cm
Rated current -8 A
Terminal voltage (at 3,000 r.p.m.) 1465V
Max. output (at 3,000 r.p.m.) 15 kW
Max. speed $,000 r.p.m.
GD: 30-5 kg-cm:
Mechanical time constant 44 msec

Motors with outputs up to more than 1,000 kW have also
been developed.

Motor Construction

Apart from the method of securing the armature coils
and the ratio length/diameter, the armature is of orthodox
construction.  First, the slotless armature s wound with
glass-tape, the armature coils are placed in position, and
a second layer of glass-tape is wound on. The whole
assembly is then impregnated with high-polymer epoxy resin
under vacuum. The coils proved to have as much mechani
cal strength as if they were secured in slots.

Two ditferent field systems are employed. For small
motors permanent magnets are used, but for large motors
energized field windings are emploved. Commutating poles
have not proved necessary.

Applications

To make the best use ot the Minertia motor the power
supply is required to have especially quick response. In
this respect silicon controlled rectifiers are the most suit
able power source tor driving it. The values of voltage
and current of the standard types of motor are chosen
<o that they may readily be fed by such a source. Control
equipment for the Minertia motor has been developed and
consists of an s.c.r. servo-amplifier and transistorized control
devices for it.

The response of a servo system using the Minertia motor
can be further improved by negative feedback of the motor
speed. A special tacho-generator s used tor this purpose.
the armature of which is a thin epoxy-resin disc with an
armature circuit printed on both sides and has therefore
extremely small GD2. A control system for an automatic
copying lathe so constructed proved to have a clear
superiority over hydraulic systems. lts speed-error co-
efficient was about 250-300 sec !, whereas those of con-
ventional hydraulic systems range from 16 to 100 sec '
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Testing of conductive materials is conveniently effected by
inducing eddy currents in them. This article explains how
a specimen reacts on the test coil and describes some of the
apparatus which has been developed for testing purposes.

EDDY-CURRENT
TESTING

By W. E. SCHALL, B.Sc., F.Inst.P.

placed within the magnetic field of a coil carrying

alternating current a current is induced in the material.
The action is like that of a transformer with the material act-
ing as a single-turn short-circuited secondary winding.

The induced current itself produces a magnetic field
which opposes the primary field which produced the current.
The total field is thus less when the conducting material is
present than when it is absent. The smaller total field
results in a reduced back em.f. in the coil and this
is equivalent to a reduction of the impedance of this
coil.

The presence or absence of the conductive material can
thus be detected and. even, some of its characteristics deter-
mined, by its effect on the impedance of the coil. The
method is commonly known as eddy-current testing because
the currents in the conductive specimen are similar to the
unwanted eddy currents which occur in transformer cores,
for example.

In eddy-current testing two shapes of coil are commonly
used according to the shape of the specimen. The coil
may be a cylinder wound round a bar specimen as in
FFig. 1 or a pancake placed on top of a plate specimen as
in Fig. 2.

The test coil is characterized by its impedance which
opposes the tflow of current. This consists of two quantities

the ohmic resistance R and the reactance «Il. where I
is the inductance and « 1s 27 times frequency. The
impedance is given by Z=y/(R*+«2[2%) and can be repre-
sented by the hypotenuse of a right-angled triangle as in
Fig. 3.

Thus a pick-up coil may have an impedance represented
in Fig. 4 by P, when the reactance is plotted vertically
and the resistance horizontally on the impedance plane.
If P, 1s the impedance when there is no specimen within
or below the coil. then the insertion of one will change
the no-load values of ol and wR, to wL, and «R, and
the no-load value P, will move to P,. The magnitude and
direction of this movement will depend on two groups of
characteristics:

IT is well known that when a conducting material is

1. Apparatus characteristics
(a) Frequency of alternating magnetic field
(b) Size and shape of test coil
(c) Distance between test coil and specimen (i.e.,
coupling of coil to specimen).
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TEST col — 1,

2 Fig. 1. Cylindrical coil in
b He which the specimen passes
1 e through the coil. H, is the
VTV SPECINEN magnetic field due 1o the
test coil and He that caused

‘" ——o o—J hy induced eddy currents

Fig. 2. Pancake coil placed
against the fuce of a specimen.
H, and H. have the same
meanings as in Fig, |

Impedance triangle

Fig, 3.

Fig. 4. Hlustrares change
in impedance from P, to
Py when a specimen iy
inserted in the coil
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magnetic materials

2. Specimen characteristics:
(a) Electrical conductivity
(b) Magnetic permeability
(¢) Dimensions (bar diameter, internal and external
tube diameter. tube wall thickness, tube
eccentricity)
(d) Presence of flaws (cracks, cavities, porosities,

slag lines).

In 1879 D. E. Hughes published a paper in which he
claimed that from the behaviour of eddy currents he could
distinguish between metals and their alloys and observe
the effects of heat. mechanical stress and similar agencies.

The matter rested there for 40 years because of lack
of instruments to separate the effects of many variables
which were changing simultaneously.

The effects of these specimen characteristics on test-coll
impedance have been investigated during the years sice
the first World War by Dr. Forster and his colleagues in
the Institute bearing his name. The result
three sets of graphs, Figs. 5.6 and 7.

Dr. Forster examined mathematically the behaviour of
impedance in specimens of known geometrical shape, e.g..
bar, cylinder, sphere. and in doing <o developed the follow -
ing expression:

fernd®
5066

1s shown n

where
f=frequency
- =conductivity
d=diameter
n=permeability

and A is the symbol which represents the expression in his
investigation.

310

diameter of coil and specimen for non-

I'}g. 7. Effect of varying permeabihity
of magnetic materials

When A=1. f is designated f, and is called the ‘himu
frequency’. We then have:

5066
’ [

= |
- (1

If other values of trequency are used we can obtain
the ratio f/f, and plot a graph on the impedance plane
showing how the value of impedance changes at constant
conductivity but with the change of this rdtio f/f,. The
result is shown in Fig. 5.

The formula (1) shows that f, decreases as conductivity
increases.  Consequently the ratio f/f, increases with increase
in conductivity. If for a particular specimen f/f,=1 then
the mpedance 1s represented by the point marked 1 on
the graph. If for another specimen the conductivity is four
times as great—other things remaining equal- then the
impedance will be represented by the point marked 4 #nd
so on.

Fig. 6 shows what happens when the specimen does not
completely fill the coil. when. in fact. the factor to which
Dr. Forster gave the name ‘till factor’ changes. It is given
by d?/D* where d and D are the diameters of the specimen
and the coil (internal) respectively.  The three curves are
for fill factors 5 of 1.0, 0-63, 0-35 respectively.

Points can be found on all three curves where the con-
ductivity 1s the same. The dotted lines therefore indicate
what happens to impedance when the diameter changes
but conductivity remains constant. The spectmens in this
case are non-magnetic and therefore their permeability
is unity.

When the specimens are magnetic and permeability 18
greater than unity a different set of curves results. They
are shown in Fig. 7. Once again the conductivity is con-
stant while frequency changes and each graph represents
a different value of permeability.

The secret of the application of these graphs to testing
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lies in the possibility of separating either diameter and
conductivity variation from each other at constant
permeability or else permeability and conductivity variation
from each other at constant diameter.

Fig. 6 shows that at low frequency the diameter and the
conductivity graphs run almost in the same direction while
at high frequency they form an angle of at least 45°. It is
possible. by suitable electronic circuitry, to separate the
signals obtained from these two variations when a phase
difference of 45" or more exists. And it is then possible to
sort specimens with constant permeability and at a fixed
frequency—-either according to their conductivity varia
tion or according to their diameter variation.

Fig. 7 shows how variation of permeability and con-
ductivity at constant diameter and at a fixed frequency can
be signalled independently of each other. But in this case
a low frequency must be emploved hecause the two graphs

Fig. 9. Arrangement of coils
in the Magnatest D

Precision conductivity meter
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Fig. 8. Circuit diagram
of conductivity meter

TEST COIL
| AMPLIFIER
-]
i |
h COMPARISON COIL
-0 PHASE O
ADJUS'I;EI TIMEBASE
30 © ©

Fig. 10. Block diagram of the Magnatest Q

run very nearly parallel at high frequency whereas at low
frequency they enclose a large angle.

Use can also be made of the effect shown in Fig. 6
to obtain an absolute value of conductivity. The circuit
shown in Fig. 8 is used. A transmitter sends current simul
taneously into two resonant circuits. one of which contains
the probe coil while the other contains a variable capacitor
which adjusts the resonance frequency. Both circuits feed
differentially into a measuring instrument. Their outputs
are opposed and when they are equal the instrument reads
zero.  The frequency of the comparison circuit varies
inversely with the capacitance and in the probe circuit
it varies inversely with the conductivity. Consequently the
capacitance control can be calibrated directly in units ot
conductivity.

Two instruments are made by Solus-Schall to do this.
One is a precision type of great accuracy. When the probe

Battery-operated conductivity meter

311



Magnatest D for examining ferrous materials

1s first placed on the specimen the meter indicates a current.
The large dial is rotated and this varies the capacitance in
the comparison circuit until the current on the meter falls
to zero. Thee conductivity of the specimen is then indicated
by the reading on the large dial.

A second instrument is a smaller and less ambitious
edition of the previous one, but suitable for a great majority
of the purposes for which conductivity has to be measured.

One great advantage of this simpler instrument 1s that
it does not require mains supply current. Two torch
batteries provide sutficient power.

Two other apparatus have been designed as a result of
the graphs of Figs. 5. 6 and 7. One of these, the Magnatest
D. records cracks or damage and variation in diameter
in bar. wire or tube material. The other apparatus. the
Magnatest Q. compares the specimen with a standard loop
and records variations in the magnetization loop showing
variations in conductivity in the specimen and therefore

Magnatest Q for quality comparicon tests. The specimen is com-
pared with a known standard
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variations in alloy composition, hardness, heat treaiment.
etc.

Fig. 9 shows the circuit of the Magnatest D. Two coils
P, and P, in the same circuit magnetize the specimen. Two
pick-up coils S, and S, are energized in opposition by this
magnetic field. A bar specimen when pushed through the
coil system, and if it is quite sound, will energize S, and S,
equally. They are in opposition and therefore a voltmeter
across AB will not record. But if a longitudinal crack in
the specimen reaches S, and not S, a differential voltage
appears across AB. When the crack is within both S, and
S, and of uniform depth the voltmeter again will not
read. And finally when with movement of the specimen
the crack leaves S, and is present under S, above. the
voltmeter AB again reads but in the opposite direction.

Reference once more to the graphs in Fig. S, 6 and 7
shows that non-ferrous specimens (i.e., those with perme-
ability=1) must be tested at high frequency if diameter
and conductivity variation are to enclose an angle of at
least 45°. But for ferrous materials where permeability
is much greater than 1 the frequency must be low to satisfy
the same condition of angle.

The Magnatest D is therefore arranged to operate at
relatively low frequency for the examination of ferrous
material.  An exactly similar apparatus-—the Conductiflux
—works at high frequency to examine non-ferrous material
where permeability is unity.

The Magnatest Q apparatus is for quality comparison.
Fig. 10 shows the circuit in which a comparison coil and a
test coil are connected in opposition. The standard with
which all specimens are to be compared is placed in the
comparison coil. The specimens can then be placed in
succession in the test coil. When they have exactly the
same characteristics as the standard the trace on the cathode-
ray tube is a horizontal straight line. When they differ,
the trace is a curve above or below the line. By means
of a phase adjuster the curve can be moved horizontally
to right or left whereby a particular section can be brought
to the centre. Specimens will produce a “spread of curves’.
Those which fall within the spread are acceptable and others
which are above or below are rejected.

ELECTRONIC CLOCK

This picture shows one of two versions of what is claimed
to be the first completely electronic clock to be produced by
a watch manufacturer, Solvil and Titus of Geneva.

The clock, named Soltronic, contains no moving parts.
It can be operated from an a.c. or d.c. supply and the basic
control frequency source can be a crystal-controlled oscilla-
tor or a signal from a known standard such as that from
an observatory. The accuracy will be that of the frequency
standard used. Slave time-display units can be driven from
the basic clock.

For further information circle 50 on Service Card
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Closed-Circuit Television

Although closed - circuit television
systems have been commercially avail
able for a number of years it is only
recently that these systems have been
accepted and are now being used quite
extensively throughout industry. Rail-
ways are using them for passing informa-
tion from signal boxes to stations and for
marshalling yards. Banks are using them
for remotely viewing documents, and
other organizations for the inspection of
normally inaccessible places and for
viewing dangerous processes.

Illustrated here are three wunusual
examples of the application of closed-
circuit television,

Two of the pictures show part of one
of ten new installations of the Ampex/
Marconi Pilot Landing Aid Television
(PLAT) systems on board United States
aircraft carriers. The PLAT system is a
multi-channel television and sound
monitoring and recording facility designed
to improve the proficiency of pilots and
landing control personnel. Four Marconi
television cameras are used in the system

three 44-in. image orthicon cameras and
one miniature vidicon camera. The other
two pictures show the use of closed-
circuit television on an oil tanker and at
an airfield.
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4 4

(Lefty A U.S. Navy cameramian on a platforpr seven storeys
above the cuarrier flight deck ‘zooms in’ 1o photograph « jet
aircraft after it has puassed over the fixed deck cameras
tAboves a Jet pilot watches the landing he made only minutes
hefore on the television monitor. Rapid replay is made possible
hy a television tape recording system

For further information circle 51 on Service Card

A

As a preliminary 1o the installation of Rank closed-circuit relevision
in the Olsen Line's new 80,000 ton deadweight supertanker now being
built. it has been tried on the Norwegian mailbout Bracmar.  This
has cameras mounted on the stem and the stern and connected 10 a
monitoring set in the wheethouse. It provides officers on the bridge
with close-ups of the situation fore and aft as the mailboar is
manocuvred in and out of its herths

For further information circle 52 on Service Card

In order 1o observe display screens airfield radar rooms are hept
in darkness. This means that while the radar operators can “see’
aircraft in flight they cannor ascertain whether the rumways are
clear.” This problem has been solved at R.A.E., Farnborough, by
the installation of an E.M 1. closed-circuit television system.

A remorely-controlled camera is mounted on the roof of the air
traffic control tower where it has an uninterrupted view of the
complete airfield

For further information circle 533 on Service Card
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1. Fire-Detecting Computer
MADEWEL Products Ltd. have an
nounced a completely new type of fire
detecting computer. Designed to serve
a chain of power stations over a wide
area. it will give warning of up to
250 simultaneous fires, The makers
claim that it will pin-point potential
trouble spots such as smouldering
cigarettes and overheated bearings. In
the case of a warning, a light is
switched on over the name of the
department concerned. Cost of the
computer: £2.500. Madewel Pro
ducts Lid.. Urmston. Lancs.

For further information circle | on Service Card

2. Thermostatic Soldering Iron
THEE CARDROSS Engineering Co.
have introduced a range of thermo-
statically-controlled soldering irons
which will heat quickly and maintain
a preset temperature to within 4 10 °C,
In normal use the thermostat operates
twice per min. but when soldering is
carried out very rapidly it switches off
for a longer period in each cycle due
to the heating capacity held in reserve.
As the iron is never allowed to heat
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beyond the temperature required,
oxidation and alloying of the bit is
considerably reduced. Another advan
tage is that it can be left switched on
indefinitely without overheating when
required to be ready for immediate
use.

The 50-W miniature iron illustrated
weighs 11 oz, takes 20 sec to heat and
is available with bits of % in.. {4 in.
or J, in. The 4§ oz 70 W model has
an . in. bit and is available if required
with a magnetically-stabilized contact
breaker instead of a microswitch to
minimize electrical interference. These
*Vari-stat” irons can be supplied to suit
most a.c. and d.c. mains voltages.
Cardross Enginecring Co. Lid., Leven
ford Works, Woodyard Road. Dum
harton, Scotland.

For further information circle 2 on Service Card

3. Controlling Ratemeter for

Vacuum Evaporation
G. V. PLANER have recently intro
duced their Controlling Ratemeter
Type CEBI designed to monitor and
control the deposition rate of both
metals and non-metals in  vacuum

coating systems which incorporate
electron beam heating. ‘The makers
state that it is particularly suitable for
use with their electron beam kvapora
ting Source EBI and associated power
units.

The CERI has two main functions:
first. it allows control of the deposition
rate and hence. in many cases. the
properties of the deposit ; secondly. it
ensures reproducibility of film thick
ness in production. Deposition rates
can be controlled over a range ot
approximately 0-1 to 30 «gm/cm?/sec
(as determined with a substrate posi
tioned 8 ¢m from the evaporation
crucible) with an accuracy of around
+ 1-5*,. Reproducibility can be main-
tained to approximately +2",.

The principle of operation is based
on the determination of ionized
material in the vapour stream: an ion
collector head attached to the vapor-
izing source is connected by a vacuum
sealed electrode to a differential
current amplifier which supplies the
indicating controller.  This, in turn,
is connected by a servo loop to control
the emitter supply of the electron beam
power unit. (. 1. Planer Lid., Wind
mill Road.  Sunbury-on-Thames,
Middlesex.

For further information circle 3 on Service Card

4. Wide-Band Spectrum Analyser

LIVINGSTON  Laboratories  are
marketing a new spectrum analyser
the Panoramic SPA-10. having seven
frequency ranges covering 10 Mc/s to
43 Ge/s with maximum sensitivities of
—105 dBm for the 10 to 680 Mc/s
range and —50 dBm for the 26-5 to
43 Gce/s range. The frequency scale
calibrations are accurate to +1°, or
- I Mc/s. whichever is the greater.
For input frequencies of up to
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100 Mc/s, sweep width is variable
between 200 kc¢/s and 5 Mc/s; for
inputs between 100 Mc/s and 43 Ge/s.
sweep width is variable from 200 k¢ /s
to 80 Mc/s. Sweep repetiticn rate is
continuously variable from 1t to 50 ¢/s.

Linear 4G dB logarithmic or square-
law amplitude characteristics can be
selected by means of a switch. Pro
vision is made tor sweep width calibra-
tion.  Crystal controlled markers
accurate to 0-01 “,, are available as an
optional extra for checks at |, 10 and
100 Mc/s intervals over the entire r.f.
tuning range. — Livingston lLabora
tories L1d., 31 Cuamden Road. London
N.W.1.

For further information circle 4 an Service Card

5. Marine Depth Sounder and
Recorder

THESE TWO robust instruments

from Apelco are suitable for both

private and commercial use,

The MS-600 Depth Sounder will
indicate up to 120 fathoms and over.
The barium titanate transducer is
housed in a bronze casting and
mounted through a sirgle hole in the
vessel's hull.  Aninput of 3 Aat 12V
dec,or 1 A at 32 V d.c. is required.
The sounding rate is 180 pulses per
min at an operating frequency of
125 kc/s.  Accuracy is +57%. A
glare-free ring vn the indicator allows
readings to be made in direct sunlight
without dithiculty.

The MR-601 Depth Recorder em-
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same transducer as the

ploys the
MS-600 but operates at 83 pulses per
min to give a trace showing river- or
sea-bed contour and density. and the
presence of fish. The informat:on is

presented on a moving roll chart
calibrated to 100 fathoms. Chart
speed is 24 in./hr. Input required:
12 or 32 V d.c. Accuracy: +59.—
Ad. Auriema Lid., 414 Chiswick High
Road, London W 4.

For further information circle 5 on Service Carc

6. Solid-State Power Supply

A SOLID-STATE power supply unit
only 1} in. high. for standard 19 in.
rack mounting, has been developed by
Quindar Electronics Inc.  Output is
2.5 A at 12 V d.c. over a temperature
range from —30 °C to +60 °C.
Maximum noise level 18 20 mV.
Quindar Electronics Inc.. 5 Lawrence
Street, Bloomfield, N.J.. U.S.A.

For further information circle 6 on Service Card

7. Capacitance Bridge

ONE OF the unique features of the
Type 1615-A  capacitance bridge
recently announced by General Radio
is that balance is effected not by rotary
controls but by a set of fingertip
control levers. In-line digital readout
with digits, decimal point and units all
indicated automatically, minimizes the
possibility of reading error.

The overall range of the instrument
is from 10 «pl to 1 «F with six-figure
resolution and an accuracy of 10.01°,
direct reading. Frequency range is
approximately 50 ¢/s to 10 ke /s. Dis-
sipation factor range is 10 %:1 at
1 ke/s.

The bridge can be used to measure
two- and three-terminal capacitors,
the latter even in the presence of large
capacitances to ground. 1t is thus
suitable for in-place measurements.
Dimensions are 19 by 104 by 12} in.
Claude lLyons Lid., Valley Works,
Hoddesdon, Herts.

For further information circle 7 on Servioe Card

8. Static !nverter

PLESSEY have announced the second
in a new series of static inverters
intended as a replacement for conven
tional rotary inverters in aircraft and
for general applications in industry.

With a rating of 700 VA, the unit
inverts a 28 V d.c. supply to produce
a single phase 400-c/s output (+5°))
over an ambient temperature range
from —40 °C to +70 °C. Input voit
age is 23.5 to 28.5 V d.c. normal and
18 to 31-5 V d.c. extremes. Continu-
ous output rating is 700 VA at +55 °C
or 500 VA at +7% °C. The preset
output voitage is 35, 49 or 60 V ac.
rm.s. 4 107, with a harmonic content
of less than 4, at half load.

This solid state inverter, which
measures 14 by 4} by 7§ in., will

315



tolerate input transients of up to 120 V
and polarity reversals, and will supply
short duration overloads up to 150,
of full load (above this value a pro-
tection circuit comes into operation).-

Aircraft  Equipment  Group. The
Plessey Co. (U.K.) Ldd.. llford, Essex.

For further information circle 8 on Service Card

9. Two-Pole Corded Patchboard

SEALECTRO HAVE introduced a
two-pole jack-socket mountable on a
i-in. matrix for building up corded
type patch panels using coaxial wire
able plugs and either twin lead or
screened single lead patching.

These two-pole points can also be
incorporated in bussed socket Sealec-
toboards. Sealectro  Corporation.
Hersham Factory Estate, Walton-on
Thames, Surrey.

For further information circle 9 on Service Card

10. Zero Bias Transmitting Triodes

EITEL-McCULLOUGH are manu
facturing a new range of triodes with
characteristics that make them par-
ticularly suitable for linear amplitier
s.s.b. applications. They have been
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designed to give optimum performance
with zero grid bias. Power gain is over
20 and intermodulation products are
better than 35 dB below p.e.p. level.
Six types are available: three with
glass  envelopes rated at 400 W
(MNustrated). 1 kW and 3 kW : three
with ceramic envelopes rated at 1 kW,
10 kW and 20 kW.—Walmore Elec
tronics Lid.. 11-15 Betterton Street.
Drury Lane, London, W.('.2,
For further information circle 10 on Service Card

il. Digital Frequency Meter

GENERAL RADIO have announced
a new compact Digital Frequency
Meter. the Type 1150-A. This tran-
sistorized S-digit unit with a frequency
range from 10 ¢/s to 220 kc/s can
also be used for general counting
purposes.

The counter can be started. stopped
and reset either manually or by
external signals, and the display time
1s adjustable from 0-1 to 5 sec. or can
be infinitv.

The timebase 1s provided by an
oven-cantrolled 100-kc/s  oscillator
with a stability of § part in 105, Tem-
perature stability over the range 0 °C
to S0 "C is better than § parts in 10%

-

-

. -
i

-

Sensitivity is better than I V peak-to

peak.

Layout is simple and all com
ponents are easily accessible. Dimen
sions: 19 by 3! by 124 in. Price:

£352 10s.—Clanude Lyons Lid.. Valley
Works, Hoddesdon. Herts.

For further information circie 11 on Service Card

12. Three Colour Indicator Lamp
A NEW addition to the Thorn range
of indicator lampholders is a unit in
which three lamps. each with a
coloured filter, shine through a single
lens. This unit is only slightly larger
than a single lampholder and thus pro
vides three indicating functions in a
very small space. The red. green and
amber filters are fitted inside the body
of the lampholder and. naturally. only
one indicator can be used at a time.
Installation in a 1% in. panel
mounting hale is by means of a lock
ing nut and fixing ring. The indicators
are supplied complete with three Atlas
S6/8 filament lamps which are avail-
able in 4, 6. 12 and 28 V. Overall
length: 2.230 in. Diameter: 0-812 in.
—Thorn  Electrical  Industries  Lid.
(Special  Products  Division), Great
Cambridge Road, Enfield, Middlesex.

For further information cirele 12 on Service Card
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13. Low Voltage Regulated Power

Supply
BRANDENBURG 1.TD. have
recently introduced a relatively in

expensive regulated power supply for
low voltage requirements which will
provide a variable output from 6 to
25 Vat 250 mA.

Output ripple is less than I mV and
the effective resistance is O0-1 2, Up to
four units may be connected in series
and. if required. two units may be
connected  back-to-back  to  give
—19 V through zero to +19 V. Input:
200/250 V. 50 ¢/s. Dimensions: 63
by 4% by 7 in. Price of the type ST.I
‘Stabpak™ is 18 gns  ex  works.
Brandenburg  Lid.. 139 Sandersiead
Road, South Croydon. Surrey.

For turther information circle 13 on Service Card

14. Instrument Control Knob

BULGIN HAVE introduced a sunken
tinger-gnp indicating control knob for
use with their range of legended
escutcheons.  Made of glossy black
bakelite. it has been designed to give
minimum projection from the panel.
In applications where there is no main

Industrial Electronics  March 1963

chassis upon which to mount com-
ponents, a miniature sub-chassis or
rear-mounting plate can be supplied.

Front of panel projection (with
escutcheon): [, in. high by 1] in.
diameter. Fixing details: one centre
hole 0-720 in. and two 6 B.A. clearance
at 1 in. centres. —A. F. Bulgin & Co.
Lid.. Bye Pass Road. Barking. Essex.
For further information circle 14 on Service Card

15. Standing Wave Amplifier

GENERAL Microwave Corporation’s
Model 351 Standing Wave Amplifier
is a direct-reading instrument designed
to be used with waveguide coaxial
slotted lines for the measurement of
voltage standing-wave ratio and also
for attenuation measurement,

Four wv.sw.or. scales  cover the
range 1 to 15 and a fifth provides an
expanded scale from 1 to 1.3, There
is one attenuation scale from 0 to
10 dB and an expanded scale from
0 to 23 dB. Re-zeroing is not
required when switching  between
normal and expanded scales.

A special circuit protects the bolo
meters from burnout when the instru
ment is switched on and off. Bolo-

meter current can  be checked by
means of a switch and the calibrations
provided on the meter.—Sylvan Gins
bury Ltd.. 8 West 40th Street. New
York. N.Y., US.A.

For further information circle 15 on Service Card

16. Coaxial 6-Way Switch

THE WAYNE KERR Probe Switch
JB 731 is designed to provide coaxial
switching with fully maintained screen
ing and allows selection of any one of
six double-screened inputs.

This unit has a six-position selector
switch on the front panel and. on the
back. six Screenector sockets (Belling
l.ee L.764CS). a coaxial lead associated
with the switch rotor mechanism. and
a separate earth terminal. Dimen
sions: 84 in. by 44 in. by 6 in—Wayne
Kerr Laboratories Lid.. New Malden.
Surrey.

For further information circle 16 on Service Card

17. Travelling Wave Tube and Mount

I-.1.V. have developed a new travelling

wave tube with an associated periodic

permanent-magnet focusing mount.
The NI038 tube has a working
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power output of S W (8 W saturated)
and a gain of 43 dB over the range
7-0 to 7-8 Ge/s. The useful frequency
range may be extended up to 8.5 Ge/s
with slightly reduced power ratings.
The mount, type N40S51, gives a
matching better than 1-5:1 over any
SO0 Mc/s band within the given fre-
quency ranges. This comparatively
light and compact unit is cooled by
natural air convection. English
Electric Valve Co. Lid., Chelmsford.
Fssex.
For further information circle 17 on Service Card

18. K-Band Isolator

. & M. LABORATORIES are
marketing a new wide-band isolator.
the Model KI110L1, covering the full
K-band frequency range from 18-0 to
265 Gefs.  Minimum isolation s
25 dB, insertion loss below 1.0 dB. and
v.s.w.r. less than 1-15.

Advanced resonance-absorption
techniques have been employed in the
design of this isolator to enable it to
function effectively in a magnetic field.
¢.g. in the vicinity of a magnetron, and
also to keep the input and output
flanges in line.

Overall length is 4.5 in.. height
2.7 in. and depth 2 in. Weight: 28 oz.

Sylvan Ginsbury Ltd., 8 West 40ih
Street, New York 18, N.Y., U.S.A.

For further information circle 18 on Service Card

19. linear Actuator

A ROBUST linear actuator suitable
for industrial applications is now avail-
able from Pye.

A 28 V d.c. split-field series-wound
motor provides the power, and trans-
mission is through a gear train to a
lead screw and ram. To reduce over-
run to a minimum the motor incor-
porates an electromagnetic brake with
a duty rating of 2 min.

The stroke is adjustable between
. in.and S in. Normal working load
15 400 Ib with a ram speed of 0-2 in./sec
on full load. Dimensions: 8§ by 4!
by 2} in. Weight: 6 Ib.—Engineering
Division, Pye Ltd., Cambridge.

For further information circle 19 on Service Card

20. Unbreakable 2-Way Terminal
Block

A TWO-WAY version of the Belling
l.ee flexible terminal block is now on
the market. The terminals are fully
shrouded against accidental contact
and the captive terminal screws will
neither work loose under vibration
nor fall out when fully unscrewed.
‘The ends are shaped so as to minimize
the possibility of severing fine
conductors.
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Rated at 250 V. 5 A ac./dw. the
L..1579 connector block complies with
the safety requirements of B.S.415 and
is intended for three-hole fixing with
No. 4 or 6 BA screws.—Belling & Lee
Lid.. Great Cantbridge Road. Enfield.
Viiddlesex.

For further information circle 28 on Service Card

21. Transistor Tester

THE HICKOK Model 1885, itselt
completely transistorized. will measure
beta and leakage with an accuracy of
+3", and can be used to carry out
comprehensive tests on most medium
and high power semiconductor devices.

A pulse technique is employed for
beta measurement: pulse width s
continuously variable from 0-1 to 1-66
msec with a constant p.r.f. of 60 c/s.
Collector voltage 1s continuously
variable from 0 to 180 V with 50 A
maximum current ; base voltage is con-
tinuously variable from 0 to 10 V with
S A maximum current.

Data for beta and leakage tests on
more than 1,550 transistors are listed
on the built-in roll chart. a revised
version of which can be supplied by
subscription  every six months.
Hickok Export Division, Dept. 6262,
EMEC Inc., 127 Grace Street, Plain
view, LI, New York, U.S.A.

For further information circle 21 on Service Card

22. Servo Driven D.C. Voltmeter

THE Houston Instrument Corpora
tion have recently introduced the
Model HV-160 potentiometric d.c.
servo voltmeter. The input impedance
of this instrument is over 1,000 MQ on
ranges from 3 mV to 1 V and 10 MQ
on ranges from 3 to 300 V. Servo
gain is automatically adjusted for each
scale by the range switch. Accuracy
i1s 0:15%, on eleven scales and +6 xV
on the 3 mV ranges.

The HV-160 incorporates a double
zener regulated reference voltage and
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indication is by means of a knife-edge

pointer on a 14 in. mirror scale. Low
current measurements can be made by
using suitable shunts: on the lowest
scale, a | M shunt will provide a
current sensitivity of 10 1T A
Scientific Furnishings Ltd., Poynton,
Cheshire.

For further information circle 22 on Service Card

23. Valve Voltmeter

MARCONI! have announced a new
wide range valve voltmeter, Type
TF 2600, which will measure from less
than O0-1 mV to 300 V in twelve ranges.
The frequency range is 10 ¢/s to
S Mc/s with a useful response up to
10 Mc/s. Maximum accuracy of 1
f.s.d. is from S0 ¢/s to 500 kc/s.

The S-in. meter is calibrated in terms
of the rm.s. value of a sinewave. but
as it responds to the average value.
good accuracy is maintained with
moderately distorted waveforms. A
scale is also provided in dB relative to
I mW in 600 (2. A large negative feed
back factor ensures high stability of
meter indication and the input
resistance of 10 M{ causes negligible
loading of the circuit under test.

In addition to applications such as
frequency response determination and
amplifier gain  measurement, the

Industrial Electronics March 1963

Il 2600 is also suitable for use as a
pre-amplifier and as a balance detector
for a.c. bridges.—Marconi Instruments
L., St. Albans, Herts.

For further information circle 23 on Service Card

24. Mercury Elapsed Time Indicator

TRANSIPACK have developed an
electro-chemical timing device called
the Mercron. in which mercury is
employed as the timing element.

There are no moving parts: when
current flows through the electro-
chemical cell, mercury in the reservoir
is transferred to an -in. wide measur-
ing tube. the amount deposited being
proportional to the timing period.
Alongside the tube there is a clearly
marked linear scale which is illumin-
ated by a neon lamp when timing is in
progress.

The Mercron will indicate accumu
lated hours of operation of any a.c.
or d.c. cquipment when connected in
parallel with the power supply.
Standard versions can be used with
any voltage between 6 and 500 V, and
frequencies from 50 c¢/s to 800 ¢/s,
over a temperature range of —35 "¢
to +71 °C. Current consumption is
less than S mA.

The unit is housed in a robust metal
tube 5S¢ in. long and 1} in. in diameter.

and weighs S oz. Standard scales are
1,000 and 10,000 hr. The Type
201, A has to be returned to the manu
facturers for resetting to zero. With
the Type 201 /B, when the total timing
period is reached the unit is simply
turned upside-down and the reading
automatically resets to zero. This
model. of course, is suitable only for
static mounting where there is no
possibility of accidental inversion.
Transipuck Electronic Engineers, 24
Burnt Ash Hill, London $.E.12.

For further information circle 24 on Service Card

25. Wafer Thermistors

GULTON have announced a com
prehensive range of directly-heated
wafer thermistors which c¢an be
specified for operating temperatures
up to 150 "C. The main application
of these devices is in temperature
measurement and control.

The wafers are made from large
sheets which are cut to size to obtain
a given resistance. Tolerance is
determined solely by the accuracy of
cutting, since the properties of the
ceramic material can be controlled
within precise limits during the wet
mixing of the constituents,

Materials are available with tem-
perature coetlicients in the range
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47, to —6-8",. from which ther
mistors with resistance values between

2 0 and 1,000 ¢ can be made.
Standard tolerance on resistance s
1000 but + 170 is  available if
required.

All the wafers are made from

standard 0-012 1n. thick sheet and
their dimensions normally vary from
060 to 0-410 1in square. They can
be supphied with axial or radial leads
or without leads. -Gulion Indusiries
(Britain)  Lid., 52  Regent  Street,
Brighton 1, Sussex.

For further information circle 25 on Service Card

26. 2-Gang Potentiometers
BECKMAN  INSTRUMENTS  are
producing a series of special potentio
meters for use where coaxial dials are
required. Each unit s made up of
two standard Helipot potentiometers
mounted in line with concentric shafts
and a }-in. diameter collar pinned to
the end of the central shaft to equalize
the diameters.

I'he tllustration shows a unit con
sisting of a 3-turn Model ¢ Helipot
mounted at the rear of a 10-turn
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Model A Helipot.  This instaliation
provides much finer resolution than a
single-turn unit of the same diameter
while occupying only 3} in. behind

the panel—Beckman Instrumenty Lid..
Queensway., Glenrothes, Fife. Scot
land.

For further information circle 26 on Service Card

27. Avo Transistorised Multimeter

A RECENT development in the range
of Avo electronic test equipment is the
transistorized multimeter with facil-
ities for measuring the low a.c. and
d.c. voltages encountered in transistor
circuitry.

The instrument is designed around
a chopper amplifier with a full-scale
sensitivity of 10 mV. D.C. and a..
(r.m.s.) voltage and current are each
measured in  eleven ranges. from
12 mV to 1.2 kV tsd. and from
12 «A to 12 A respectively. The alter-
nating current ranges and the 12-mV
a.c. voltage range are suitable for fre-
quencies ot 40 ¢ /s to 2 ke/s; the rest of
the a.c. voltage ranges can be used up
to 20 k¢/s.  Using an external probe.
r.f. (20 ke, s to 1 Ge/s) voltages from

40 mV to 4 V fis.d. can be measured
in S ranges. Light resistance ranges
cover (-1 L2 to 120 ML2,

A standardizing facility is provided
to enable low d.c. voltage ranges to be
set up with a high degree ot accuracy
and there is centre zero operation on
all d.c. voltage measurements. Pro-
vision is made for checking the battery
supply voltage—Avo Lid.. Avocet
House, 92/96 Vauxhall Bridge Road.
london S.W.1.

For further information circle 27 on Servive Card

28. Liquid Cooled Silicon Rectifiers

INTERNATIONAL Rectifiers have
developed a liquid cooled heat sink for
use with silicon power diodes type
70U]. Unlike conventional liquid cool
ing systems, the type Z is a single diode
heat sink which can be used in any
circuit configuration with any number
of parallel paths.

When used with a single type 70U
siticon power diode carrying 250 A, a
water flow of 2 gal/min is sufticient
to hold the diode base temperature
rise at 50 "C.

The new heat sink, which measures
4 by 21 by 1 in., is designed for mount
ing on standard { in. copper pipe
The unit illustrated is a rectifier
assembly rated at 1,640 A, Inter
national Rectifier Co.. Hurst Green
Oxited. Surrey.

For further information circle 28 on Service Card

29. Audio Sweep Oscillator

THE Dawe Type 443 1s an RC tuned
oscillator covering a frequency range
from 20 ¢/s to 20 k¢ /s in a single dial
sweep.  Distortion is less than 1°
including hum and spurious signals.
and the output is continuously variablc
up to 100 mW into 600 £, balanced or
unbalanced. at a constant amplitude,
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The shaft of the tuning capacitor.
which extends from the back of the
instrument for coupling to a level
recorder, is fully rotatable thus
eliminating any need to uncouple the
drive while recording.

The charactertistics of the Type 443
make it particularly suitable for use in
determining the frequency response of
audio amplifiers. tape recorders, loud-
speakers, etc.

Dimensions: 84 by 12! by 13 in.
Weight: 35 Ib. The price is £130 and
delivery is from stock.—Dawe Instru-
ments Lid., Western Avenue. Acton.
London W 3.

For further information circle 29 on Service Card

30. Extra Telephone Earpiece

THE S.T.C. Watch Receiver is an ear
piece which allows a second person to
listen in on a single telephone. for
example a secretary wishing to take
notes or make a shorthand record of
a conversation. Alternatively the user
can hold the extra receiver to his other
ear in order to exclude unwanted
noise.

This unit has full G.P.O. approval
and is available in several colours. It
employs a sensitive ‘rocking armature’
receiver to give clear reception and
good volume. When not in use the
Watch Receiver is disconnected by
means of a switch and hangs from a
specially fitted hook on the telephone
set.—Srandard Telephones and Cables
Lid., Connaught House, 63 Aldwych,
London W.C 2.

For further information circle 30 an Service Card

31. Q-Band Oscillator

SIEMENS AND HALSKE of West
Germany are manufacturing a back-
ward-wave oscillator, voltage tun-
able over the range 265 to 42 Gc/s,

Industrial Electronics March 1963

with an average power output of
40 mW and a minimum power output
of 10 mW.

The RWO 40 is intended for use
with waveguide transmission systems.
short range radars, microwave spec
troscopy. etc. The tube and magnet
form a single compact unit weighing
just under 17 Ib. Walmore Elec
tronics Lid.. 11-15 Betterton Street.
Drury Lane, London W.C 2.

For further information circie 31 an Service Card

32. 10-Amp Miniature Relay

THE latest addition to the N.SF.
Union range of miniature, hermetic-
ally sealed relays has a 10-A rating and
provides a 4-pole changeover.

Known as the ‘H’ type. this unit is
the same size as the 1- and 2-A
versions and will operate over a tem-
perature range from —65 °C to
+125 °C. Accelerations of 70 g in
three mutually perpendicular planes,
30 g vibration up to 2 kc/s, and

LAY TYPE
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shocks in excess of 50 g can be toler-
ated without loss of performance,.
The minimum working life is 10°
operations at maximum rated load.

This relay is offered in two main
styles: one for flange mounting fitted
with spade type terminal lugs. the
other a plug-in unit with gold-plated
terminal pins and mating socket.
Coils available cater for mains sup-
plies from 16 to 200 V dc.—N.S.F.
Lid., 31-32 Alfred Place, London
w.Cl.

For further information circle 32 on Service Card

33. Miniature Continuity Tester

MEASURING only 24 by 35 by ¢ in
and weighing 7 oz without its PP}
battery. the M.P.E. ‘Trantest’ gives an
audible indication of continuity with
a response which can be adjusted by
means of a sliding control to suit the
resistance between the probes.

This instrument will not cause
damage to semiconductor devices. In
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addition to detecting *dry joints’ and
similar faults it can be used for
testing the effectiveness of anodized
plating. etc. 1t will not indicate con
tinuity through inductive or capacitive
impedances. Price: £4 10s—M.P.E
(Finchley) Lid.. Dollis Park, Finchley.
London N 3.

For further information circie 33 on Service Card

34. Printed-Circuit Diode Multipliers

FERRANTI have announced the
Series VC2/S  variable-capacitance
diode multipliers designed primarily
for use with strip-line circuitry. These
compact and robust printed-circuit
units have high conversion efliciency
and good reproducibility. The diode
element has dimensions of the same
order as the thickness of the board on
which the circuit is etched.

The type of transmission line
employed is a conductor above a
ground plane with a Perspex sheet
covering to prevent radiation from the
circuit,

The characteristics of a typical unit
are as  follows: input frequency.
315 Mc/s: input power. 4 to 5§ W
maximum efficiency, 60", ; band
width. 25 Mc¢/s: dimensions. 4 by S
by 1in.

Delivery time for multipliers with
input frequencies up to 800 Mc¢/s is
approximately three manths,
Ferranti Lud.. Hollinwood. Lanes.

For further information circle 34 on Service Card

35. D.C. Motor Controller

THE ‘SPEEDPROP" sohd-state d.c.
motor controller announced by Step
less Controls can be used with motors
up to 4 hop. It will maintain a given
speed within less than 0.5, under ali
conditions of motor load over a speed
range of 100:1. allowing up to 10°,
variation in supply voltage.

A tacho-generator provides both
feedback and a signal to operate the
indicator on the control panel. There
is full overload protection. Installa
tion is straightforward and the manu
facturer states that the unit  will
aperate over a period of years without
maintenance.—Stepless Controls Cor
poration.  Bear  Hill. Waltham 54,
M assachuserts, U.S.A.

For further information circle 35 on Service Card

36. Automatic Printing of Cylindrical
Articles

REJABFIX have developed an auto

matic attachment for their Devon 10

ofiset printing machine which enables

it to handle cylindrical articles from
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S in. to | in. in diameter, e.g. small

electronic  components, ampoules.
pens, etc.

The output is up to 1.500 articles
per hour and the available printing
area 3 in. by 2% in. The machine is
controlled by a foot switch regulator,
leaving the operator’s hands free to
feed the articles into the chute. Legible
(reverse) type or blocks are used and
a wide range of inks can be supplied.
—Rejafix  Lid., Harlequin  Avenue.
Great West Road, Brentford, Middle-
sex.

For further information circle 36 on Service Card

37. Amplifier and Recorder

TWO Neff instruments now in pro-
duction are intended primarily for
use in strain gauge systems.

The Type 105 Wideband Amplifier
is fully transistorized and has a built-
in power unit. The gain control
features seven steps from 10 to 1.000
with a vernier giving 2{ to 1 adjust-
ment at any setting. Drift over
100 hr is less than +1 «V rms.
referred to input.  Noise, measured
over 50 kc/s bandwidth, is less than
S #V r.ms. referred to input.

The Type 401 Recorder employs a
heated-ink technique to give a very fine
trace: ink in solid form is introduced
into a reservoir where it is melted and
drawn by capillary action to the
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paper surface. A range of chart
speeds is available and the recorder
uses standard untreated paper. The
electrical range is 5 mV to 200 V full
scale. Sensitivity is +5 p#V and
linearity +0-1°,.—Ad. Auriema Lid..
414 Chiswick High Road, London
w.a4.

For further information circle 37 on Service Card

38. Transistorized Universal Bridge

MARCONI have announced a com-
pact Universal Bridge., Type TF2700.
which uses transistors and printed-
circuit boards throughout and has a
basic measurement accuracy of +1°..

Overall ranges are as follows:
inductance from 02 «H to 110 H in
eight ranges. capacitance from 0-5 pF
to [.100 «F in eight ranges. and resist-
ance from 10 m to 11 MQ also in
eight ranges. (@ indication is from
0 to 10 at [ kc/s and D indication
from 0 to 0-1 or 0 to 10 at 1 kc/s.

The internal power supply is a 9-V
battery and the normal current drain
approximately 7 mA. Weight: 8} 1b.

If the instrument is required to per-
form functions beyond the passive
measurement of isolated components,
the appropriate external circuits can
conveniently be connected via the
terminals provided.—Marconi I[nstru
ments Lid.. St. Albans. Herts.

For further information circle 38 on Service Card

39. ‘Press-Fit’ Terminals for Deep
Holes

SEALECTRO are marketing a new
type of terminal designed for installa
tion in deep holes or, in the case of
stand-off terminals. in blind holes.
These terminals are available in any
of the standard ‘Press-Fit" jug or
turret configurations.

The grooves cut in the Teflon body
provide a high degree of internal
friction against the walls of the hole
especially in the direction of pull-out
The example illustrated is a feed
through designed for deep hole
installation. — Sealectro Corporation.,
Hersham Factory Estate, Walton-on
Thames, Surrey.

For further information circle 39 on Service Card

40. Palm Switches

CRAIG AND DERRICOTT palm
operated switches are designed for
applications where ease of operation
under arduous conditions is essential.
e.g. on machine tools, presses and
welding machines.

They can incorporate either slow-
hreak or snap-action switch contact
blocks for single- or double-pole
changeover sequences. If required,
a latch mechanism can be fitted to

keep the button depressed after
operation until repositioned by a
separate reset button.

These robust units are oil and

moisture proof and can be supplied
for panel mounting or in diecast
aluminium cases for surface mounting.
A number of colours are available
including red. blue. green. yellow and
black. Craigy and Derricont Lid..
Royal Works, Coleshill Street, Sutton
Coldfield, Warwickshire.

For further information circle 40 on Service Card

41. Industrial Counter Unit

LLANCASHIRI:  DYNAMO  have
introduced a rugged weatherproof
counter, the Series 1PU.I, suitable for
remote and unattended applications.
A completely automatic unit is avail
able if required.

On completion of a pre-set number
of counts a set of heavy-duty contacts
1s operated and, in the case of the
automatic  version, remains in the
operative  state  for 01 sec. ‘The
contact ratings are 440 V. 1 A ac. oi
IS0V.5Aac.

Counting rates up to 600/min may
be realized with automatic batching
facilities up to 300/ min depending on
the duty cycle. The counter coil is
designed  for a continuous  working
temperature of 20 "C. but for some
duty cycles peak ambient temperatures
from 1S C to +50 'C can be
tolerated.
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The T1 model is a totalizator untt
with manual reset suitable for tool life
control and similar applications : the
12 15 a pre-set counter with external
restart facility for repetitive opera
tions : the 13 1s an automatic pre-set
counter for repetitive work such as
batching. sequence switching. lubrica
tion and remote pump control.

Construction is in aluminium with
the top half of the case hinging
upwards for access. the two halves
being sealed by a lock-operated wedge
underneath. Lancashire  Dynameo
Electronic Producty  Lid.. Rugeley.
Stattordshire.

For further information circle 41 on Service Card

42. Process Timers

LONDEX have announced that the
type IMP  process timer 1s now
available from stock. Time ranges
avatlable are from zero to 1. 5. 15,
30 and 60 minutes.  All units arc
designed for use with 200 to 250 V.
SO ¢ /s supplies.

The flush mounting and wall mount
Ing versions cost £13 168 6d and
£14 18 respectively.—Londex Lid..
207 Anerley Road. London S.E.20.

For further information circle 42 on Service Card

43. Heavy Current Spark Gap

A SPARK gap with a basic rating of
500 A-sec has been developed by
A.E.L for the protection of series
capacttors used for power-factor cor
rection on high-power transmission
lines where occasional fault current
transients are liable to occur.

The gap by-passes the capacitor
when the voltage across it reaches a
damaging level and restores it to the
circuit when the disturbance is over.

The limiting factor on the basic rat
ing (the product of the rms. current
and its duration) is the recovery time
of the spark gap. If an increased
recovery time is acceptable. a rating
of 1,000 A-sec can be envisaged for
this unit. The breakdown voltage of
the gap can be adjusted within the
range SO0 to 1.500 V. Valve and
Semiconductor Group, Ak, Elec
ronic Apparatns Division, Carholme
Road. Lincoln.

For turther information circle 13 on Service Card

44. Subminiature Half-Wave Rectifier
RAYTHEON have developed a sub-
miniature half-wave rectifier for high
voltage. low current power supplies.
Housed in a robust metal/ceramic
cylinder 0-4-in. diameter and 1]-in.
long. the CK7996 is a gas-filled. cold
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cathode device with an output current
rating of 12 mA. It can be operated
in cascade to  produce very high
voltages.

Minimum anode supply voltage is
500V ac.. peak anode current 100 mA
dc.. and pav. 2.8 kV. Raytheon
Company. Lexington 73, Massa
chuserts, US.A.

For further information circle 44 on Service Card

45. Smoke Density Indicator/Alarm

HIRD-BROWN have recently intro
duced a smoke density indicating
alarm and recording system suitable

for chimneys from 6 in. to 40 It in
diameter.

The smoke-sensing equipment con
sists of a lamp and a photocell unit
attached to the inside of the chimney
and connected to a small control unit
which energizes a relay at any pre-set

smoke density  level.  The relay
operates either an indicator lamp or
a bell which. if required. can be

arranged to sound for a given time
before being automatically silenced.
Continuous monitoring facilities are
available in the form of either an
84-in. diameter meter giving a con
tinuous indication of smoke  density
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or a recorder showing density varia
tions as they occur.

The photograph shows (from left to
right): recorder, alarm bell. control
unit. voltage stabilizer. receiver flange.
receiver, projector flange. projector,

and transformer for the projector
Jamp. Cost of the basic equipment is
£57.—Hird-Brown Lid.. Flash Street.

Bolton, Lancs.

For further information circle 45 on Service Card

46. Frequency/D.C. Converter
METER-FLOW have announced a
fully transistorized portable rate-of-
flow indicator for use with impeller
type flowmeters. In conjunction with
the appropriate transducers, it may
also be employed as a tachometer or
for speed measurement.

Three ranges are provided: 200,
1,000 and 5.000 ¢/s. Rate of flow
indicatton is accurate to 19,, and the
voltage level 1 V or 100 mV. There
are additional outputs for an external
meter and a recorder.

This converter weighs only 9 Ib
and c¢an operate either from an
internal battery or from the mains.
It is particularly suitable for situations
where there are a number of flow-
meters installed but where only

Industrial Electronics  Muarch 1963

@
R

occasional measurements are required.
Dimensions (including lid): 104 by
53 by 6 in. Meter-Flow Lid.. North
Feltham  Trading  Estate.  Feltham,
Middlesex.

For further information circle 46 on Service Card

47. Silicon Cartridge Rectifiers

AS a result of the development of
high p..v. silicon rectifier junctions.
International Rectifier Company has
added two types to its range of high
voltage cartridges.

The GFI1T25 rated at 12-5 kV. and
the HFIT2S, rated at 15 kV. are
hermetically sealed in robust ceramic
tubes ¢ in. in diameter and 24 in. long.
and have current ratings of 75 mA at
25 °C or 25 mA at 100 “C. Maximum
leakage current 1s 10xA.

The photograph shows the full
range of cartridge sizes (ratings trom
600 V250 mA). International
Rectifier  Company (Great  Britain)
Lid.. Hurst Green, Oxted, Surrey.

For further information circle 47 on Service Card

48. Oil Pen

NOW AVAILABLI: in this country
is the ‘Lubristyl’ 0il pen manufactured
in Switzerland by Meylan and Co.

This allows o1l to be

instrument
applied with precision through a smali
diameter hollow needle. The tlow of

oil is controlled purely by finger
pressure. The retail price is 12s 6d
with two refills.—Haynor Lid.. 167
Greyvhound Road. London, W 6.

For further information circle 48 on Service Card

49. Solid-State A.C. Voltmeter

THE MODEL TRVM panel mounted
a.c. voltmeter incorporates a solid
state alarm circuit which allows it to
function in the same way as a meter
relay. making it suitable for use in
process alarm  systems.  go-no-go
equipment, ete.

When the a.c. input reaches a pre
determined  value the circuit s
triggered to give a 24-V, 40-mA d.<
output. The meter reading is un
atfected in this condition and the
alarm voltage remains ‘on’ untl the
input signal falis below the triggering
level.

There is no  external  reset
procedure. Input impedance is 2
M. Range: | mV to 300 V fsd.

Accuracy: 2%, Theta Instrument
Corporation, 520 Victor Street, Saddle
Brooh. New Jersey. U S.A.

For further informatian circle 49 on Service Card
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In an industrial plant, information
required by the control system is
derived from various sources. Where
these are physical quantities, corre-
sponding analogue signals can
normally be made available, and
this article describes the way in
which these are made suitable for
on-line computer processing.

Analogue Plant Data

for

On-Line Computer Processing

HEN using an on-line computer system for
Wprocess-control applications, some means must

be provided for feeding the relevant plant data
to the computer in a suitably coded form. This data can
originate in two ways:

1. Where the nature of the data makes it impracticable
for direct measurements of the quantity to be made.
and the information must, therefore, be manually pre-
pared. An example of such data would be the loca-
tion of an item in a stockroom.

2. Where the process data can be directly measured. An
example of such data would be the temperature of a
furnace where a thermocouple can be used to give a
direct analogue signal of the physical quantity.

The manner in which the first type of data can be pre-
pared for insertion into a computer system was described in
the January issue of this journal. The present article dis-
cusses the way in which the second type of data is handled.

Analogue Signals

Most industrial processes are concerned with physical
quantities which, by their nature. are continuously variable.
F'o make a measurement of the quantity the physical effect
must first be translated into an electrical signal and then
coded in such a way that it is acceptable to the digital com-
puter. This translation is achieved by a transducer whose
electrical output is an analogue of the physical quantity
being measured and is, therefore, termed an analogue signal.
The coding operation is performed by an analogue-to-
digital converter. which produces a digital representation
of this signal,

* Process Computing Division, Elliott Brothers (London) Ltd
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The way in which analogue signals are processed for use
by a computer system can be best understood by referring
to a specific example. The one selected will illustrate a
further aspect of the modern techniques being used at
Spencer Works, the new steel strip plant of Richard Thomas
& Baldwins. near Newport. Monmouthshire.

Soaking Pit Temperature Measurement

The hot ingot. having been removed from its mould, is
transferred to a soaking pit. Here the ingot is reheated to
the required temperature, at which it is held for a soaking
period prior to being rolled into a slab. There are in all
20 soaking pits, each of them being about 32 ft long. 10 ft
wide and 16 ft deep. with a capacity of up to 150 tons.
The weight of an ingot is around 10 tons and about 8 to
10 ingots are placed in a pit at a time. The soaking pit
is heated by gas burners. the pressure being reduced or “cut
back” when the pit has reached the soaking temperature.
A view of the soaking pits is shown in one of the photo-
graphs.

The pit temperature is measured by a thermocouple con
nected to a conventional chart recorder. A slave resistance
slide wire driven from the pen movement shaft is fitted to
the recorder so that an independent analogue signal is made
available. Associated with the recorder is the control for
the gas supply valve. to which is added a switch so that
its position can be automatically determined. Only the two
conditions of full gas pressure or cut-back have to be
measured and. therefore, a simple two-state device is
adequate. By utilizing the slide wire energizing voltage in
association with the switch, either a full-scale or zero signal
is provided to differentiate between the two states. The
arrangement is shown diagrammatically in Fig. 1.

As the change of temperature in the soaking pit is rela
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tively slow, it is only necessary to make a measurement at
regular intervals in order to obtain a representation of the
conditions in the pit. Therefore. the analogue-to-digital
converter and associated equipment can be shared between
all of the inputs. Each input is therefore selected in turn
through a double-pole switch, which in the open condition
breaks the signal lines and thus prevents any mutual inter
ference between the various signal circuits. For reliable
operation over long periods of time, gold-plated dry-reed
relays are used. as they have a low contact resistance. This
is especially important should the analogue signal be in the
microvolt range, as would occur, for example, when the
direct output of a thermocouple is being used as the signal
source. Alternatively. mercury-wetted contact relays could
be employed which have a very low contact resistance.
These have an expected life of 10% operations, ten times that
obtainable with gold contacts. As an illustration of what
this means in practical terms, a gold contact relay operated
once every ten seconds should have a life of over 30 years,
whereas the mercury relay’s life should be over 300 years!

Signal Amplifier

Having selected the input signal, it is then routed to a
buffer amplifier. This provides isolation between the trans-
ducer and the rest of the equipment, as well as matching the
signal source to the input requirements of the analogue-to-
digital converter. In the application being described. the
slide wires are energized from a 10-volt source, and there-
fore the amplifier has a gain of unity to suit the converter.

The analogue signal is not always a linear function of

The analogue-to-

Control unit for soaking pit measurements.
digital converter unit is on the top shelf of the cabinet and on the
bottom shelf are the input selection relays. The amplifier is on the
extreme right-hand board of the centre shelf
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Lincarization of transducer characteristic

the physical quantity being measured, in which case some
form of linearization must be incorporated. This can be
achieved by the computer when it receives the digitized
value, but it is often preferable to modify the analogue signal
directly. By suitably choosing the feedback components
the response of the amplifier is adjusted to the inverse of the
transducer characteristics. The amplifier output will then
bear a linear relation 10 the physical quantity being
measured, as is shown in Fig. 2. If more than one type
of transducer is being used, different feedback units will
be required for each, and means of switching them must be
provided. As the number of types increase, so does the com-
plexity and cost of this method of linearization, and it may
become more economic to use the computer programme for
the purpose.

Analogue-to-Digital Converter

Conversion of the analogue signal ta the digital form is
based on a potentiometric.comparison principle. The input
signal is successively compared with a series of reference
potentials until equivalence is found. The reference signals
are arranged to follow the pattern of the output code
required which. in the present case, is binary coded decimal.
Three digits are provided. giving a range of 0 to 999 and
a resolution of 1 part in 1.000.

The actual temperature range of 0 to 2.600 “F does not
correspond with that for the digitizer and, therefore, scaling
is required. This is performed by the computer programme.
which multiplies each digital value by a factor of 2-6.

Control

Two measurements are made for each pit: temperature
and state of gas supply valve. As there are 20 pits.
40 measurements have to be made. In addition, a test
point is provided whose input is obtained from a stabilized
voltage source. By checking the value of this input to
fine limits any errors in the measurement system can be
detected and should this occur the computer is programmed
to raise an alarm.

A digital clock is incorporated so that the measuring cycle
can be automatically initiated at 5, 10 or 15 min intervals
or as soon as the previous cycle has been completed. The
time taken to select, digitize and route each value to the
computer is about 200 msec, and thus the measuring
cycle takes a minimum of about § sec.

The operations of the measuring cycle are initiated from
a fixed programme control unit. On starting the cycle the
relay for the slide wire on the temperature recorder of the
first soaking pit is closed. After a short delay, to allow
the amplifier to settle following the switching transient, the
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value is digitized. A signal is then sent to the computer
indicating that an item of information is available to be read
in. When the computer can accept it the control unit first
sends a unique reference number. from which the com-
puter can recognise the respective soaking pit temperature
or gas valve condition, followed by the digitized value.
lmmediately the computer acknowledges receipt of the
information, the relay which was energized is released. and
that for the next input—state of gas valve in soaking pit
number 1—is in turn energized. The control unit then pro-

ceeds. successively taking each soaking pit in turn. and
finally the test point value is measured and checked.

The success of an on-line process control computer system
depends 1o a very large extent on the accuracy and validity
of the input data. Thus the methods for collecting plant
data are of extreme importance. Signals representing plant
conditions and actions may take many different forms, and
the methods by which they are translated to the form re-
quired by a computer have been described in this and
the January article.

SMOKE DENSITY EQUIPMENT

With the ending of the 7-year period of ‘grace’. on 4th
July, industrial concerns are obliged to comply with the
Clean Air Act and ensure that the pollution of air by smoke
is kept below a prescribed level. Infringement of the Act
can result in severe penalties.

The Lancashire Dynamo low-cost Series SME2 smoke-
alarm installation is a means for indicating when the smoke
in chimneys reaches a pre-determined density. thus provid-
ing protection against a possible infringement of the Act.

The equipment is operated by the use of a photoelectric
device and a bulb which projects a light beam across the
inside of a chimney stack. When the smoke density reaches
a pre-determined level it reduces the intensity of light
falling on the photocell and trips off an alarm bell.

Many accessories are available with this equipment
enabling the installation to be used as a densitometer and/or
smoke density recorder.

By a simple adaptation. the equipment can also be
arranged to indicate directly the density of the smoke over
a wide range. This provides a simple form of combustion
control enabling the stoker or the person in charge of the
boiler to ensure that it is operating at maximum efficiency.

For further information circle 54 on Service Card

A close up of one of the units fitted into a chimney
showing that connections to the units are made
with conventional weatherproofed conduit
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Two similar  casi-
iron units are used.,
one housing « light
projector it and
the other a photo-
electric receiver unit
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Hlustrated (lefi to right) a smoke-level recorder; main control unit;
percentage obscuration meter ; alarm bell and smoke-density
recorder
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THE SOLION

NEW device which is analogous to a thermionic

valve or transistor has been announced by Texas

Research and Electronic Corporation of Dallas.
Texas. 1t depends for its operation upon chemical action
and it is analogous to the valve only in the sense that it has
input--output. characteristics of similar form. 1t is essenti-
ally a very low-frequency device and has an upper cut-off
frequency of about 1 ¢/s.

It is possible to use the solion as a d.c. amplifier and
eaisting models have a mutual conductance of about 40
mA V. However, its widest application at the moment
seems to be as an integrator. A special feature is its
ability to integrate over very long periods. even weeks. so
that it may well find application in meteorology.

The basic solion comprises two platinum electrodes scaled
nto the ends of a glass tube, Fig. 1. which is filled with an
agqueous solution containing a small amount of jodine and
a larger amount of potassium iodide.  The latter dissolves
in water to produce positive potassium and negative iodide
ions in equal quantities.  The potassium ions do not take
part in the reaction and so will not be considered further
here.  In the presence of the iodide 1ons. the iodine exists
predominantly as the tri-iodide ion and s negative.

CATHODE

When a voltage is appiied between the electrodes of the
tube the reaction at the anode and cathode are the reverse
of each other. At the cathode a tri-iodide ion combines
with two electrons to form three iodide ions and at the
anode three 1dide ions dissociate to form a tri-todide ion
and two electrons.  In what follows the word iodine s
used as a convenient abbreviation for tri-iodide ions.

As the applied voltage increases the current rises linearly
at first. At some voltage, which depends upon the con
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centration of iodine but is usually under 0-2 V, a saturation
etfect sets in and the current is substantially independent of
the voltage. This continues until at 09 V or more the
current again starts to rise.  This rise is due to an irrevers
ible chemical reaction in which hydrogen gas is formed at
the cathode.

Apart from this tinal rise. a family of characteristic
curves looks much like those of a pentode valve, but with
iodine concentration replacing grid volts as a parameter.
A typical set of curves is shown in Fig. 2. Solion diodes of
this basic type can be used as integrators.  For this purpose
it is necessary to add a diffusion barrier between the elec
trodes.  This does not affect the normal operation but it
prevents the cell returning to normal when the current is
interrupted.  When the current is flowing iodine is trans
ported from one compartment to the other through the
barrier. the amount transported being proportional to the
product of current and time (that is. to charge). When
the current ceases. however, the barrier prevents the redis
tribution of the iodine by diffusion.

This form of solion ¢an be left in circuit for hours or
days. It is then disconnected and taken away so that the
concentration can be determined by measuring its concen
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Fig. 2. Tvpical characteristics of solion diode for various concen-

trations of jodine
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tration potential. This is the potential which exists be-
tween the electrodes when they are immersed in solutions
of different concentrations.

The most generally useful form of solion, however, would
appear to be the tetrode type. This has two main elec-
trodes, one at each end of a glass tube and designated the
input and common electrodes. Between them two per-
forated platinum electrodes are fitted to divide the space
into three compartments. The one nearest the input elec-
trode is called the shield; the one nearest the common
electrode is called the readout electrode. The compart-
ment between the input and shield electrodes is called the
reservoir, while that between the readout and common
electrodes is known as the integral compartment. The

arrangement is shown in Fig. 3 which also shows the basic
circuit.

A battery of some 0-7 V is connected between the input
and shield electrodes, the latter being negative. This
polarizes the shield and keeps the iodine concentration near
it small enough for diffusion through the shield to be
negligible.

The input signal is applied between the input and
common electrodes ; that is, right across the whole tube.
The results are very similar to those with the simple diode.
Current flows and iodine is transported across the system.
The quantity of iodine transported is proportional to the
electrical charge and thus to the time integral of the current.
The concentration of iodine in the integral compartment
next to the common electrode is thus proportional to the
integral of the input current.

This compartment with its common electrode and read-
out electrode virtually forms a solion diode by itself and
has similar characteristics. It will be remembered that the
current-voltage curves have a saturation region in which the
current is dependent only on the concentration. This
diode region of the tube is operated in this condition with
about 0-7 V applied in series with a load of some 400
ohms. making the readout electrode negative with respect
to the common electrode. In this way an output current
is obtained which is proportional to the integral of the
input current. Typically, a constant input current of
100 »A produces an output current rising linearly with time
at the rate of about 1.2 mA per minute.

The device is temperature sensitive, but the variations
can be compensated.

PRESSURE FIRED GERAMIC

The increasing use of piezoelectric ceramic compounds
in the construction of acoustic and vibration transducers has
led to the need to manufacture the ceramic elements in a
variety of shapes and sizes. Certain of the compounds com-
monly used are not easily fired into large sized pieces
because the stresses introduced in the sintering process are
not uniformly distributed throughout the finished ceramic,
which thus tends to crack or to have poor electrical
properties.

In 1960 Gulton Industries started investigations into the
possibility of applying a high compressive force to the
ceramic during firing. Work is still in progress, but it was
found at an early stage that the process produces a con-
siderably more uniform stress distribution so that it is
possible to manufacture exceptionally large transducers; for
example, discs with diameters up to twenty inches.

A number of other advantages have been found.

It is normal to adjust the atmosphere of the kiln to
prevent loss of volatile elements from the ceramic com-
pound. Application of pressure is even more effective and
it has been found possible to produce materials which have
not previously been made.

In addition. the product has a higher density than is other
wise attained because the larger voids are squeezed out.
This results in an increase in the piezoelectric sensitivity
and a general improvement in electrical and mechanical pro-
perties, the etfect being more marked with the larger pieces.

Pressure fired ceramic is currently made in blocks some
34 in. thick and either 4 in., 6 in. or 20 in. square. The
components are mixed into a paste with organic binders or,
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alternatively. powders are used. A ‘mould is made from
blocks and the material is fired in a kiln which has openings
for the arms of hydraulic rams. These press on the blocks
forming the top and bottom and two opposite sides of the
mould. the remaining two sides being pressed against im-
movable stops. Pressure to the top and bottom is equalized.
as is that applied to the two sides. and the ratio between these
two pressures is carefully controlled. Up to 1.000 atmo-
spheres pressure is applied at firing temperatures around
1.200 C.

The resulting blocks are machined. the various shapes
required being cut out, rather than moulded. to size.

Work is still proceeding and it is believed it may ultimately
be possible to market a range of entirely new ceramics for
ferroelectric and piezoelectric applications.

For further information circle 55 on Service Card

% FOR THE BUYER

You must have read about a number of products and pro-
cesses in this issue of which you would like further details.
You can obtain this information very easily by filling in and
posting one or more cf the enquiry cards to be found inset
in the front and back of the journal.
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By P. J. LANGLOIS, Mm.sc.

DUALITY AND
TUNNEL DIODES

(Continued from p. 288 of February issue)

SIMPLE gas-tube multivibrator is shown in Fig. 13.
A Using the dual technigque previously discussed. Fig.
14 results. The battery voltage power supply is
included. since this is a part of the complete network, and
its dual. a current power supply. appears in Fig. 14, Fig. 14
is the tunnel-diode multivibrator.  Both circuits can be
operated in the astable. monostable or histable mode accord-
ing to the d.c. bias condition and the loadline chosen. The
astable device will be considered using either gas tubes or
tunnel diodes. A full qualitative description of both circuits
will follow to show the exact correlation between them.
The next two paragraphs have been worded in such a way
as to emphasise the duality between the two circuits. The
second paragraph has virtually the same wording as the

Continuing the discussion of
duality, examples are given
of tunnel-diode circuits for
multivibrators  and  ring
counters and their derivation
from their; gas-tube duals.

first except for electrical components, which have been
replaced by their duals.

Gas-Tube Multivibrator* (Fig. 13)

For astable operation the loadline conditions (discussed
later) must be satistied.  Suppose the voltage supply to be
switched on.  Both the tubes are initially in the ‘0" condition.
As. in practice, one gas tube is slightly different from the
other. one will switch first to the *1” condition.  Suppose tube
A in Fig. 13 be switched to the ‘1" condition. The voltage
across R, quickly rises to the supply voltage less the voltage

* In the following descriptions the gas-gap tubes or tunnel diodes are being used

as switches.  To conserve the picture of duality. the condition before breakdown
will be called the "0 condition, and after breakdown the *1° condition

)

Ry

<

Fig. 13, Single-reactance gas-tube multivibrator

s
Ra Ca Rb Cb

Double-reactance gas-tube multivibrator

Fig. 15.

Fig. 14, Single-reactance tunnel-diode multivibrato

N| . N|
¢} |

Fig. 16, Double-reactance tunnel-diode multivibrator
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Fig. 19, Tunnel-diode ring counter

Fig. 20, Pulsed pawer supply

dropin tube A tin the "1” condition). At this point the voltage
across tube B will be the same as the voltage across tube Al
so that tube B is held in the "0 condition. ¢ now charges
through R, and tube A towards a potential determined by
tube A and R,. with a time constant determined by tube A,
R, and R,. When the voltage across R, has dropped
enough, the resultant voltage across tube B causes break-
down. The consequent rise in voltage across R, is trans-
ferred through € to R,. The increased voltage drop across
R, reduces the voltage across tube A, switching it to the "0

condition, ( now starts to charge in the opposite direction
until breakdown occurs in tube A, The cycle is then
repeated.

Tunnel-Diode Muitivibrator (Fig. 4)

FFor astable operation the loadline conditions must be
satisfied.  Suppose the current supply to be switched on.
Both the diodes are initially in the *0° condition.  As.in prac
tice. one diode is shightly different from the other. one will
switch first to the 1" condition.  The current through K,
quickly rises toward the supply current less the current in
tunnel diode TD, (in the 1" condition). At this point. the
current in tunneldiode TDy, isthe sameas that in TD . so that
tunnel diode TDy; 1s held in the *0" condition, L. now charges,
bypassing R, toward a current determined by TD, and R,
with a time constant determined by TD,. R, and R,. When
the current through R, has dropped sutliciently due to
diversion through L., the resultant increasing current through
tunnel diode TD,, causes breakdown. The consequent rise
in current through R, is supplied through R, because [ it
a high impedance.

The increased current in R, reduces the current in tunnel
diode TD, switching to the "0’ condition. L now starts to
charge in the opposite direction until breakdown occurs on
tunnel diode TD . and the cycle is repeated.

Double-Reactance Multivibrator

A gas-tube multivibrator using a current supply source
i1s shown in Fig. 15, Here two timing capacitors are used.
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one in each tube circuit,  The dual of Fig. 15 s shown in
Fig. 16.

The operation of the tunnel-diode multivibrator only will
be described. The gas-tube multivibrator is the dual opera
tion. as demonstrated in the single-capacitor case.

As before, for astability. the d.c. bias conditions must be
satisfied.

Suppose the voltage power supply to be switched on in
Fig. 16. Since. in practice. components are not identical,
one tunnel diode will break down to the low current "17 con:

dition. The inductors instantaneously appear open-circuit,
s0 the other diode is held in the "0 condition.  Suppose
tunnel diode TDy, switches to the *I" condition. The cur

rent through the low resistance of tunnel diode TD . R, and
1., rises towards a high d.c. value, set by the value of the
supply voltage. until the peak current of tunnel diode TD,
1s reached and switching occurs.  Note that, at the same
time, a small proportion of the supply current charges 1.,:
for the present purpose this is small enough to be ignored.

After tunnel diode TD | is switched, the residual current
in 1, circulates mainly through tunnel diode TD,,. in opposi-
tion to the supply current flow. This reduces the effective
supply current to tunnel diode TD,,. and switches it to the
V' condition, [, then discharges mainly through R, and
tunnel diode TD,,. L, charges through R, and tunnel diode
TD, towards a d.c. value set by the supply voltage. The
rates of charging or discharging are the same. When the
net current, due primarily to current from [, reaches the
peak current of tunnel diode TD,,. the diode switches. The
cycle is then repeated.

Tunnel-Diode Ring Counter

A good demonstration of the dual technique is to find the
dual of a simple gas-tube ring counter. Figs. 17, 18 and 19
show the stages of making the dual, including the method
described earlier for eliminating crossover wires.

The tube circuit contains an additional type of com
ponent. the diode. The dual of a diode from equations (5)
and (6) is a diode operating in the reverse mode,

Fig. 17 shows the tube circuit.  Fig. 18 shows the inserted

[
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ideal transformer and I'ig. 19 shows the final dual. Note
here that the transformer now has finite self-inductance, L.

The operation of the tunnel-diode ring counter is the
exact dual of the gas-tube ring counter. Several tunnel
diodes are connected in series to a common d.c. and pulse
current supply as in Fig. 20. Essentially, the operation is to
circulate a '1” in the chain of tunnel diodes. The d.c. bias
and load resistor associated with each tunnel diode make
each a bistable device.

Suppose tunnel diode TD . Fig. 19, be in the '1" condition.
and all others in the ‘0" condition, with the d.c. supply on.
The ordinary diode in parallel with the tunnel diode is
reverse biased, and a high current flows through the load
resistance. Since tunnel diode TDy, is in the '0" condition,
the common inductance L., carries the current flowing
through R,. The appearance of a negative current pulse is
arranged to reduce the current supply to below the tunnel-
diode valley threshold, switching tunnel diode TD, to the
' condition. The remanent current in L,, forward-biases
tunnel diode TD,. The current in L, then circulates
through the low resistance of the tunnel diode and the
ordinary diode D,,. discharging L,, very slowly. There is,
therefore. a current flowing through tunnel diode TD,,.

There is also a current in L_,. This discharges through

.

BAGKWARD-DIODE

R,. the forward-biased diode D,,. TD; and TD,. Since the
direction of this current is in opposition to the biasing cur-
rent, it must be dissipated sutficiently within the supply pulse
width.

On removal of the negative pulse. and reverting to the
d.c. bias, the total current through tunnel diode TD,, due to
L., and the d.c. bias is sufficient to break it down. Tunnel
diode TDy, is now in the *1" condition, Inductance L, dis-
charges and charges in the opposite direction, and L,,
charges, each to its respective equilibrium condition.

When the negative pulse on the power supply re
appears. tunnel diode TD, is switched to the ‘0" condition.
L, discharges rapidly through R, (which is a relatively high
resistance). but because diode D is forward-biased, the
current in L, decays slowly through the low resistance path
and tunnel diode TD,..

When the power supply reverts to the d.c. level, break-
down occurs in tunnel diode TD,.. which holds the *1' condi-
tion. Subsequent negative pulses now step the "1’ condition
to successive tunnel diodes. By coupling the last tunnel
diode circuit to the first by a transformer whose self
inductance is used as the energy store. a *1” condition can be
made to circulate.

(To be continued)

MODULATORS

The characteristics and construction of a backward diode are outlined,

and a simple discussion of the theory of its operation is included.

The

properties of the device that are of interest for modulator applications
are discussed, and it is shown that in certain respects the backward
diode is superior to any other semiconductor diode yet developed.

By D. P. HOWSON, m.sc.

clement closely related to the tunnel diode. promises

Lo be a useful element for use in rectifier modulators.
Already some attention has been given to this matter in
the United States'2 and the satisfactory operation of modu-
lators with inputst at 100 Mc/s, 89 kMc¢/s and 13.5 kMc/s
has been reported. It is felt however that the usefulness
of backward-diode modulators extends down to the audio-
frequency range as well as up into the kilomegacycle band.
and accordingly a balanced Lf. modulator has been made
and its performance investigated. This article presents the
results obtained on this device along with comments on
the others mentioned. and attempts to sum up the relative
advantages and disadvantages of this form of modulator
when compared with others using tunnel diodes. or more
conventional junction or point-contact diodes.

THE backward diode. a two-terminal semiconductor

Diode Characteristics and Construction
Backward diodes. which consist essentially of a single
very narrow p-n junction some 100 A thick. have been

334

formed from single-crystal germanium and stlicon, and
from polycrystalline gallium arsenide?!. There seems no
reason why other 111-V intermetallic compounds in addition
to gallium arsenide should not be used. however, and it
15 quite possible that indium and gallium antimonide, in
particular, will find application. To obtain the desired
narrow junction in the diodes it is usual to use an alloying
rather than a diffusion technique taking (with germanium
or silicon) an n-type wafer and placing it in contact with
an alloy blob, the junction being obtained by heating the
combination. Suitable ohmic contacts are then made to
the wafer and the blob. and the whole structure encapsu
lated. although backward diodes like tunnel diodes are
not very susceptible to surface effects. The capacitance
of a diode made in this way is however quite high. probably
S 30 pl-. which 1s a disadvantage for high-frequency work
ing. It has been found possible to make diodes by forming
a junction at the end of a gold wire in contact with a semi

* Electrical Engincering Department, University of Birmingham.
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junction diode

conductor wafler. which reduces this capacitance to some
02 pl- at zero bias. The gold wire produces a stronger
structure than could have been obtained by etching away
an alloy junction.

In addition to the narrow junction, the backward diode
differs from a normat diode in the heavy doping of its
constituent semiconductor, which may be of the order of
10 carriers per cubic centimetre, compared with 10101
for a typical junction diode. The result of this heavy doping
may best be seen by drawing simple energy band diagrams.
Fig. 1(a) being that for the backward diode. I(b) for a
tunnel diode. which is similar but made of even more heavily
doped material, and 1(c¢) for an ordinary junction diode.
The shaded regions denote states filled with electrons. un-
shaded regions emipty states.  The band across the middle
of each diagram is the forbidden band: this is a potential
barrier which normally electrons cannot overcome. so that
it effectively isolates the top of each diagram from the
bottom. However, if it 1s thin enough. as is the case with
the backward and tunnel diodes. it is possible for electrons
1o pass across the forbidden band by a process known as
quantum-mechanical tunnelling, and occupy empty states
at the same energy level on the other side of the band.
All the diagrams are drawn for zero applied bias voltage.
the n and p regions in the diagram being relatively displaced
vertically it a bias is applied. Thus it a forward bias is
considered to be applied to the diodes (i.e.. the p region
1s raised In voltage relative to the n region in each case)
on the diagram the n region must be raised relative to the p.
It s clear that if the diagram s so modified. only the tunnel
diode has electrons in the conduction band of the
n region which can tunnel across to the unoccupied states
in the valency band of the p region. This gives rise as
is explained elsewhere®! to the characteristic negative-
resistance region of the tunnel diode —what is of more
interest here is that neither the junction nor the (ideal) back-
ward diode have this region. so that the backward diode
has a normal forward characteristic as can be seen in Fig. 2.
When the diodes are reverse-biased. however, depressing ihe
left-hand sides of the energy band diagrams. it can be seen
that all the diodes have occupied states in the p region
on a level with unoccupied states in the n region. The
normal diode has too wide a junction to permit an appreci-
able number of these electrons to tunnel across, but in both
the backward and the tunnel diode considerable tunnelling
occurs and a large current flows. Thus when reverse-biased
the backward diode has a low resistance as shown by Fig. 2.

Some of the properties of the device that make it of
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c)

Energy level diagrams for diodes;: (a) is for a backward diode, (by for a 1unnel diode and (¢) for an ordinary

interest for modulator applications can also be seen from
Fig. 2. It is possible to design the diode so that the maxi-
mum non-linearity of the characteristic occurs exactly at
sero bias, so that efficient modulation may be obtained with
small switching voltages and no applied bias. in contrast
with the tunnel diode. The backward diode has a low-
impedance region when the diode is reverse-biased, which
since it depends upon quantum-mechanical tunnelling varies
hardly at all with temperature. see Fig. 3. The high-
resistance region which occurs with small positive bias
depends in part on tunnelling and changes little with tem-
perature, contrasting with the normal forward low
impedance region occurring with larger forward bias. Thus
it is possible to switch the diode from a low to a high
impedance. both of which are nearly temperature indepen-
dent. which cannot be done with either of the other types
of diodes mentioned previously.  Further. since the action
of the device depends mainly on the tunnelling of majority
carriers, hole storage effects are absent and the diode will
operate as a switch up to a very high frequency.

Sub-Microwave Modulators

The main properties of the diode that are of interest at
these relatively low frequencies are:

(i) Large ratio of reverse to forward resistance when
the diode is suitably switched. This may be as high as
1.000.*

(ii) Low carrier voltage and power required to perform
the switching. For the ratio of resistances mentioned in (i).
a switching voltage of 200 mV peak is all that is required.

REVERSE

FORWARD

Fre, 2. Form of characteristic of backward diode



Satisfactory operation has been reported with powers as low
as 30 «W1

(iii) Small variation in diode
changes in the ambient temperature.

(iv) The low noise introduced into the modulator circuits
by the diode!-=.

(v) The ideal diode is not an active element like the
tunnel diode: in practice few special precautions have to be
taken to prevent circuit oscillations.

On the other hand, backward diodes do have some limia-
tions when compared with conventional diodes. The two
that must be noted are:—

(i) Large capacitance across the junction of most back-
ward diodes. This may be reduced to a very small value
by special construction’. or may be tuned out.

(ii) Due to the small switching voltages that must be
employed. backward-diode modulators can only handle
small signal voltages. say less than 20 mV. It seems likely
that backward diodes made from some of the large band
gap 111-V semiconductors will not be so restricted in this
respect.

Thus. when modulators are to be built using backward
diodes, it is clear from the above that efficient circuits
may be obtained as long as small signals only are accepted
for modulation. The circuit design employed may follow
that of conventional rectifier modulatorsd, and various
forms of tuned circuits may be employed as terminations
to keep the conversion loss low®. This should be down to
about 4 dB for the shunt modulator of Fig. 4(a) and to
about 0-1 dB for the ring modulator of Fig. 4(b), if the
terminating impedances are correctly chosen. It is in
circuits like these that one of the chief advantages of the
backward diode may be utilized, since it is possible to
maintain the modulator balance and hence reject unwanted
carrier and signal leakage into the output circuit far better
with backward than with conventional diodes, due to their
temperature insensitivity. A test was carried out to prove
this on a shunt modulator, and the carrier leak was measured
as a fraction of the carrier voltage applied across the bridge.
For both the conventional junction diodes and the backward
diodes it was found possible to balance the bridge initially
so that the unwanted leak was 75 dB below the applied
switching signal, but when the temperature was raised by
40 °C, the conventional modulator had a 20 dB increase

resistances for large

-04 -03
-VOLTS

+02 403 +04

P — +VOLTS ——»

20~60°C

Fig. 3. Showing eflect of temperature on diode characteristic
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in leak, whereas the backward-diode modulator leak
increased by 5 dB only. For this test the backward diodes
were switched from points A to B on Fig. 3, using a specially-
constructed transistor square-wave generator working at
1.000 ¢/s fundamental frequency. All diodes were
germanium. Similar results have been reported for a silicon
backward-diode bridge®.

The fact that backward-diode modulators can handle only
small signal voltages does not necessarily mean that the
dynamic range is less than that of a conventional modula-
tor. since tests have shown the former to have a noise figure
some 40 dB less than an equivalent point-contact diode
modulator. As the largest signal that can be handled by the
backward-diode modulator—say 20 mV—is some 40 dB
down on what would be considered a large signal for a point-
contact diode modulator, this suggests that the dynamic
range of the two circuits will be much the same2 It is
probable that a junction-diode modulator would have a
wider dynamic range due to its low noise figure, but it would
of course be restricted in its frequency range because of hole
storage effects.

All the forms of diode mentioned produce more noise
at low frequencies, the power of which is roughly pro-
portional to 1/f. Because of this a modulator whose output
frequency is below say 20 kc/s may have a smaller dynamic
range than would be otherwise expected. The frequency
at which the noise from a backward diode stops being ‘1/f
type and becomes shot and thermal noise has been variously
estimated at between 1-20 kc/s'2. It seems likely that the
diode construction, and the carrier oscillator voltage, will
be variables in the equation to determine this frequency.

It was mentioned earlier that the large junction
capacitance of some backward diodes was a disadvantage.
and to some extent this is true. It should be noted, how-
ever, that even in a modulator where it is impossible to
tune this out—say a constant-resistance modulator designed
to work over a wide band of frequencies—its effect will
be less than in a conventional modulator since the backward
diode is essentially a low impedance device. Thus the incre-
mental forward and reverse resistances for a S.T.C. JK
100C diode switched by a 200-mV (peak) square wave were
measured as 2 Q2 and 2 k{2, so that for a ring modulator
the terminating resistances for minimum conversion loss
would be only 62 €25, As these diodes can be obtained with
a capacitance of the order of 10 pF. it can be seen that
switching speeds from Lf. up into the megacycle band
should lead to little degradation of the performance of the
modulator.

Finally, one further advantage of using the backward-
diode modulator may be seen when minimum carrier leak
is desired. It has been shown that this occurs when modu-
lators are driven from a square-wave carrier generator, but
of course this is difficult and expensive to produce when
the carrier frequency exceeds 1 Mc/s. at least for conven-
tional modulators. However. it is possible to use very
simple tunnel-diode multivibrators, which are stable and
have very short rise and fall times (N1 nsec). as carrier
generators for backward-diode modulators, since only low
carrier voltage and power is needed.

Microwave Modulators

In addition to point-contact diodes and tunnel diodes.
the backward diode faces competition from varactor diodes
at microwave frequencies. With the latter it is possible to
make satisfactory low noise up-converters—that is, modu-
lators converting from a low to a high frequency. Para-
metric down-converters are not considered so satisfactory,
however, and usually have poor noise figures, which worsen
as the ratio of input to output frequencies increases®.
Tunnel-diode down-converters have recently been developed
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Fig. 4. Shum (a) and ring (b) modulaiors suitable for hach-
ward diodes.  The carrier circuits are not shown

which seem to give better noise figures than any of their
competitors, and can have large conversion gains- -Chang
reports 20 dB8%.

If, however., the modulator circuit impedances are to
present positive resistances at the terminals at all frequencies
the gain is restricted to 6 dB. and under these conditions a
backward-diode microwave modulator would have little
inferior overall noise factor where the system noise including
that provided by the following i.f. stage is considered® =,

The system noise factor is given by

G,

Foova Fo—1

l.vmml-‘
where F,,, is the notse factor of the modulator alone. F,
of the following i.f. amplifier, and G, is the power con-
version ratio of the modulator. Thus if G, is less than
one, as it is for a backward diode. the noise factor is larger
than for a tunnel-diode modulator with gain. The order
of magnitude of the effect has been worked out elsewhere!"
for a similar problem and the increase in noise factor is
likely to be about 4 dB. The system noise factor for a
backward-diode down-converter is therefore likely to be
about 9 dB.

All the points considered in the previous section still
apply to backward-diode circuits, so that this worsening
of noise factor would have to be balanced against the smaller
overall power required to switch the backward-diode
modulator, and the mmproved stability of the element.
Either tunnel- or backward-diode modulators would seem
to be better down-converters than circuits using other forms
of semiconductor diode.

Conclusions

Backward diodes are extremely stable and efficient
modulating elements which may be used from audio to
microwave frequencies. Modulators using them can be un-
conditionally stable, and require less power for switching
purposes than other forms of diode modulator. Balanced
backward-diode modulators may be constructed which
retain their balance for changes in the ambient temperature
very much better than conventional rectifier modulators.
and it is felt that on this score alone such circuits may find
wide application. The low noise associated with backward
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diodes allows sensitive microwave modulators to be con-
structed. and their performance as down-converters appears

superior to either point-contact or varactor diode
modulators.
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PHOTOELECTRIC CURVE READER

A prototype instrument designed for the automatic reading
of pen-recorder charts, presenting values of the X and Y
co-ordinates in digital form. has been demonstrated by
W. F. Stanley & Co. The output signals representing the
values of the X and Y co-ordinates can be fed into either
an electric typewriter or a tape or card punch machine.

The chart to be read is scanned by a sensitive photo-
electric head incorporating a light source and a detecting
element. A spot of light projected on to the chart is reflected
back to the detecting element and as this spot passes a
recorded line the change in reflectivity is used to trigger a
counting circuit. The detector head and its amplifier are
arranged to distinguish between the recorded line and the
chart grid lines, typically black and green respectively.

As the detector head passes the recorded line a counting
circuit is put into operation, which continues until the head
reaches the chart zero. and thus the value of the Y
co-ordinate is obtained. The head is moved along the X
axis of the chart in 1-mm intervals by an intermittent drive
to a lead screw. thus a reading for the Y axis is obtained
cvery I mm. The position of the detecting head along the
X axis is registered by an optical digitizer attached to the
lead screw. The outputs from the counter and digitizer are
fed into an encoder and control unit where they are suitably
processed for the typewriter or punch machine.

The present instrument is arranged for drum type charts.

For further information circle 56 on Service Card
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Magnetostrictor
Equivalent
Circuits

By C. F. BROCKELSBY, B.Sc.*

Lumped-element equivalent circuits
for a magnetostrictor are derived by
a simple, direct route which exposes
the underlying physics, includes
from the beginning an adequate
representation of magnetic and
mechanical losses and contains no
approximations beyond those implicit
in the model adopted.

VINPOV LIMB END MASS

@‘q

Fig. 1. Window 1ype magnetostrictor

FORCE < ON
EXTERNAL LOAD

Y DISPLACEMENT
Fig. 2. Lumped approximation 10 a
single-cnded  (M4)  magnetostrictor

ELECTRICAL MECHANICAL

—oP

KQut

w, = 1-k* C= =
a 1= %z .
Fig. 3. Circuit represented by equation (4)

analogues. never have perfectly ‘lumped” or

perfectly “distributed” parameters. In particular,
window-type magnetostrictors (Fig. 1) are usually about
0-4A,, long where A is the wavelength of compression waves
in the magnetostrictive material and suffix 0 indicates the
condition of mechanical resonance: each end-mass and each
half-limb is about 0-14, long. Their linear theory can thus
be developed from either a lumped-element or a distributed-
element model. For most practical purposes. such as the
interpretation of electro-mechanical measurements, a lumped
circuit is finally required. The usual route to it starts
from a distributed model (a uniform bar) from which a
distributed equivalent circuit is derived; this is then approxi-
mated by a lumped circuit. Discontinuities of section are
allowed for separately!. A more direct approach is simpler
and cxposes the physical meaning of the analysis more
clearly. It also simplifies the introduction of terms repre-
senting ‘exactly’ the electrical and mechanical damping
during the analysis. not as an afterthought.?

The purpose of this note is, then, to derive lumped equiva-
lent circuits by a simple. direct route which exposes the
physical considerations to full view, includes from the
beginning an adequate representation of magnetic and
mechanical losses, and contains no approximations beyond
those made in the original specification of the model. In
this sense the circuits derived are ‘exact’.

REAL mechanical resonators, like their electrical

Single-Ended Vibrator

The rationalized (Giorgi) m.k.s. system of units is used.

Consider first the simplest model, Fig. 2, which resembles
a quarter-wave resonator, one end being rigidly supported.
The mass M is the repository of all the kinetic energy; the
compliance K, of all the elastic energy. If y is the displace-
ment of M from its rest position the net force P acting on it
is given by the equation of motion

P y/K - Rudy/dt ~ Md*y|dt* : F

R, represents the mechanical damping. The external
force is related to the velocity dy/dr through the mechanical
impedance of the load, F — Zjoaa(dy/dr). In an equivalent
circuit the terminals representing the connection of the
mechanical load must therefore sustain the same velocity
dy/dt — u as the mechanical resistance R.,,.

For sinusoidal operation at frequency w/2m, the equation
for the free resonator becomes

P ("K)“ (tw/my)? - ij: (1)

where w, — 1/(MK)! is the radian frequency of mechanical
resonance and Q. I/mR,,K is the mechanical quality
factor.

The compliance K is that of the idealized half-limb of
length h. cross section 4 and elastic modulus ¢

K - blAc

The magnetostrictive effect (in this model) is taken as
confined to the limb. The direct, lincar effect is character-
ized by the stress flux-density coefficient 4  (QT/dB)s,
where 7 and S are respectively the stress and strain in the
material. The driving force P in (1) is therefore determined
by the total flux ¢,

P ho
hence
/l(,') (." k):l (") "’0)2 v / Qm' (2)

When the magnetic material (of the limb) is strained, the
inversc magnetostriction effect produces a proportional
cffective magnetizing force AH:; it can be shown by
thermodynamic argument, based on the principle of the
conservation of energy, that the coeflicient (dH/)S)g is also

* Mullard Research Laboratories.
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Fig. 4. Loss-free reactance diagram for Fig. 3
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Fig. 6. Alternative circuit represented by equation (4)
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Fig. 7. First complete equivalent circuit of single-ended
vibrator
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Fig. 8. Second complete equivalent circuit of single-ended
vibrator
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Fig. 9. Gyrator with gyration resistance S

equal to h. The mean strain in the limb, which determines
the magnetostrictive magnetizing force, is v/b, so that
AH = hy/b
The net magnetizing force is therefore
H = (NI + hy)/b
The reluctance of the flux return path can be allowed
for in the effective permeability # and the magnetic losses in
the core material can be represented by using the complex
permeability #/(1 + j/Q.), where Q. is the electrical quality
factor of a coil of negligible resistance wound on the core.
¢ — pAHI + j/Qe)
RACNI + hy)/b(1 + j/Qe) 3
The terminal voltage of the coil is ¥ — joNg and the
self-inductance L of the coil with the core clamped is L
1tAN?h. Using these and eliminating y between (2) and (3)
gives
JoLllV 1+ j/Qc — k31 (w/wy)? + j/Qmi (4)
where
k* hz/lq‘(‘
This quantity k is the electro-mechanical coupling coefh-
cient of the material of the limb. Note that & is unaffected
by M, which only determines w,.

Equivalent Circuits
The impedance Z at the electrical terminals is, from (4)

Z = joL/[l + j/Qe — k*{1 — (0]®y)* 4 j/Qmi] (5)

The continued-fraction expansion of (5) gives directly.
without approximation, the circuit of Fig. 3, for which the
(loss-free) reactance diagram is Fig. 4.

Expanding (5) in a different order, or reversing the L-
network of inductors in Fig. 3 and inserting the accompany-
ing impedance transformation (Fig. 5) gives Fig. 6 which is
exactly equivalent to Fig. 3.

In Figs. 3 and 6, the clamped value of Z is obtained by
applying a short-circuit to the capacitance. An imped-
ance representing an external mechanical load must there-
fore be connected to the points P,P,, which agrees with the
location noted earlier. Moreover the short-circuit repre-
sents zero velocity, so the ‘mobility" analogy applies, as
expected. The capacitance therefore corresponds to the
mass of the vibrator.

To show the values of the mechanical quantities explicitly
and provide a mechanical port, an electro-mechanical
transformer can be introduced giving Figs. 7 and 8, on which
F and « are the force and velocity imparted to the mechanical
load.

The turns ratio r, of the transformer in Fig. 7 is given by

Mr? — G 1/k2w,2L
whence
r, = hu AN/b — k+/L/K = hLIN
Similarly
roy = ri/k* — ¢AN/hb — (c/h) (LIuN) - (1/k)v/LIK

The first electro-mechanical analogy can be employed if
a unit gyrator is added to the circuit. Fig. 9 defines a
gyrator'. The usual negative sign is avoided by choosing
the appropriate direction of /, as positive. The gyrator has
the property of turning any impedance into its dual. A unit
gyrator connected at the mechanical terminals interchanges
the positions of F and « and so changes the representation
to the first analogy. Moving the gyrator back into the
circuit and combining it with the electro-mechanical trans-
former gives the exact equivalent circuits of Figs. 10 and 11.

Double-Ended Vibrator

Most magnetostrictors are double-ended, represented
approximately by Fig. 12. If the toral mass is M (M/2 at
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Fig. 10, First complete equivalent circuit of single-ended vibrator

(with gvrator)

Fig. 1l.  Second complete equivalent circuit of single-cnded vibra-

tor (with gvrator)
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Fig. 12, Lumped approximation to Fig. |
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Fig. 13, Full equivalent circuit of  double-ended  vibrator
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Fig. 14, Two-port cquivalent circuit of double-ended vibrator
’
K. K
4
4 fi-k*
) F
u

m
4

Qwk ’/v J‘M
[

i
Fig. 15. Two-port equivalent circuit for lightlv-loaded

vibrator

each end) and the roral end-to-end compliance is A, the
resonant frequency is given by w,* = 4/MK: the double-
ended vibrator is equivalent to two single-ended vibrators
each with half the total mass and compliance. The equiva-
lent circuit for a double-ended vibrator can be constructed
by drawing Fig. 7 twice and combining the clements. The
same result is, of course, obtained by a direct analysis on
the lines given earlier.

The result is shown in Fig. 13. The directions of ., and
F, correspond with measuring all forces and velocities out-
wards from the middle of the vibrator.

When interest is focused on one mechanical port, it is
convenient to transform Fig. 13 into Fig. 14 by means of
the equivalence of Fig. 5. When the mechanical impedance
of the load is fairly low, e.g. when the loaded Qm of the
transducer is greater than 10 and the load is resistive, the
series capacitance A/ has a negligible effect and may be
omitted, giving Fig. 15. Thus Fig. 7 may be taken as the
cquivalent circuit with the following changes: the trans-
former ratio is 2r, (not ry): the compliance is K/4 (not K).
Figs. 8, 10 and 11 also apply provided similar changes are
made. A gyrator can be introduced if desired: it should be
emphasised that no other way of changing to the first electro-
mechanical analogy gives an ‘exact’ equivalent circuit.

Effective Yalues of K and M

The analysis lcads to equivalent circuits with element
values depending on A and M. Since a real magneto-
strictor does not have perfectly lumped elements, these
circuit values must be interpreted as the effective or equivalent
values. These can be derived with the aid of energy con-
siderations for a given configuration, the basis being that
A is the repository of all the kinetic energy and K of all the
clastic cnergy.

If the circuits are used to interpret electro-mechanical
measurements on a transducer, the effective values will be
obtained directly.

Resonant Frequency

Assuming continuity of force and displacement at the
junction of the end mass, resonance occurs when the react-
ances presented to the junction by the two parts are equal in
magnitude. If the radian length of the limb is #; (i.c.
#,  2mb/A — wh/v, where v is the velocity of compression
waves in the material), the compliant reactance is 1/mk,
where

K,  Kytan )0,

Similarly for the massive reactance wAf,
M, = M(tan U,)/0,

For a length of 0-1A, # - 0-27 (36 ) and the factor is
1-15. The frequency calculated from A, and M, would
then be about 15%, too high: in practice, the error would
probably be greater, perhaps 20", since one of the lengths
is often somewhat greater than 0-1A.
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SOLD
~ GIRGUIT
AMPLIFIERS

THE solid circuit has been described as the ultimate in
micro-miniature electronics: certainly, tor applications n
which weight and space are at a premium. it is one of the
most promising techniques. A number of companies are
working in this field. but as yet production has been only
on a relatively small scale. High reliability is one of the
advantages claimed for solid circuits and this may justify
their use even when the requirements of weight and space
are not very stringent.

Texas Instruments, who have aiready produced a range
of digital logic 'blocks’ such as Flip-Flop/Counter units,
NOR/NAND gates and an exclusive-OR gate. have secently
announced the development of two solid-circuit linear
amplifiers.  Although contained in the same size capsule.
the circuit blocks themselves are about half the size of the
previous units—as can be seen from the photograph in
which one of the new amplifier circuits is shown tor coni-
parison below a digital circuit. Both of the new circuits

are d.c. amplifiers. the difference being that one has
e
3
;5«0 51k
S é ¥
h 4
[
N, N, out
‘WL’ B2 o a-zm% o
._V
Fig. 1. Busic amplifier
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an emitter-follower output stage (Figs. T and 2). They repre
sent the amplifiers most commonly used in analogue-to-
digital converters, feedback amplification, integration.
differentiation. etc.. and they are also claimed to be suitable
for servo and other forms of drive amplification.

Fach solid-circuit amplifier consists of two p-n-p and
five n-p-n transistors diffused into a single block of silicon
with six tapped resistors (values from S k& to 50 k).
Aluminium leads are used for the interconnections. Manu
facture involves the accomplishment of four interrelated
planar diffusions, with five material layers and four
junctions.  The main characteristics are as follows: an
open-loop voltage gain of 62 dB and common mode rejec-
tion of S8 dB, a half-power frequency point of 60 kc/'s. a
differential input impedance of 18 k2. and a d.c. drift of
10 »V/ C referred to input. Capsule dimensions are | by
L by .1, in. with a total weight of less than 0-1 gm.

For further information circle 57 on Service Card
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INDUSTRIAL NEWS

Personal and Gompany News

W. C. Handley. B.Sc.Tech., M.LE.E.. has resigned his posi-
tion as chairman of Telcon Metals L.td. He is succeeded by
C. O. Boyse, B.Sc.(Eng.}, M.I.CEE.,, M.LEEE.. FelLA.LEE.

George Kent Ltd. has acquired the whole issued share
capital of Alto Instruments (Great Britain) Ltd.. whose name
now becomes George Kent (Stroud) Ltd.

Advance Components mobile evhibition is housed in a vehicle 22 ft. long by 7 fi. 6 in. wide.

Walmore Electronics I.td. has been appointed the sole U.K.
distributors for Raytheon-Elsi.

F. W. Alexander, Ph.D.. B.Sc.. AM.LE.E.. has been
appointed superintendent engineer. Sound Broadcasting
(Equipment) consequent upon a re-organization of the
Engineering Division of the B.B.C'.

C. F. Taylor (Electronics) L.td., ot Molly Millars Lane.
Wokingham., Berks.. is a new company in the C. I, Taylor
organization.

Wilmot Packaging Ltd., of Totton. Southampton. has
formed an electronics division to specialize in the construc
tion of prototypes and pre-production quantities of electrical
and mechanical equipment for research establishments.

J. G. Owen, of Painton & Co. Ltd.. has become general
manager of Painton S. A,, 11 rue Keyenveld. Brussels.

The general sales ottice of McMurdo Instrument Co. Ltd.
has been transferred to Rodney Road, Portsmouth, Hamp
shire (Telephone: Portsmouth 35555).

Chilton-Solenoid (U.K.)
Chambers as technical
South-East England.

I.td. has appointed W. M.
representative for London and

Wilfred Padley has been appointed joint managing director
of Metal Industries L.td. with John Black.

The aircraft equipment department of Ferranti Ltd. has
moved to Western Road, Bracknell (Telephone: Bracknell
2020). The engineering services division has also moved to
‘Westwick’, Bagshot Road. Bracknell (Telephone: Brack-
nell 1212).

It enables engineers 1o study working

examples of Advance und Nagard products and it will go by invitation 1o any interested firm
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Fuster air traffic comrol is promised
by this new Marconi aerial. Instead
of tilting the aerial for height find.
ing the radiated frequency is varied
The aerial is designed so thar the
vertical angle of the lobe is a function
of frequency.  Either a helically-
wound delay linve o1 Zig-zag coaxial
delay lines are used 1o illuminate the
aerial

For further information circle 58 on
Service Card

G. C. Willingham. Assoc. Brit. 1LR.L. has been appointed
sales manager of the Sonics Division of Elliott Bros.
(lL.ondon) Ltd.

P. Allen Bennett Ltd. Speecon Works, Minto Road. Shef
field. are now agents for the A.E.I. Logicon static switching
system. and also design and manufacture equipment
incorporating this form of static logic,

Machletr Laboratories Inc. have developed a vidicon sensitive to
X-ravs. The pictures show views of a transistor and a diode after
encapsulation.  Magnification up to 50 times is possible and wires
down 1o 0-002 in. in diameter can he seen

For further information circle 59 on Service Card

Vitramon laboratories l.td., of 45 Holloway lLane. Har-
mondsworth. Middlesex. is a wholly-owned subsidiary of
Vitramon Inc.. Bridgeport. Connecticut, U.S.A. Initially. it
will market VY poreelain and VK ceramic capacitors but
it is intended later to manufacture these components.

Carrington Compatible Components Ltd. have acquired new
premises at 15 Station Road. Reading (Telephone: Reading
51866) and E. Brown Dickson has been appointed managing
director.

R. P. Taylor. B.Sc.(Hons.). A.C.G.l.. AM.lL.Mech.l-..

becomes managing d:rector of Vidor.

Electrosil Ltd., of Colnbrook By-pass, Colnbrook. Slough.
are agents for the Corning Glass Works of America.

G. H. J. Munro has been appainted managing director of
Aircraft-Marine Products (Great Britain) 1.td.

Subsequent to the acquisition of the McMurdo Instrument
Co. Ltd. by Louis Newmark L.td. the sale of precision wire
wound resistors has been taken over by Harwin Engineers
Ltd., Rodney Road. Portsmouth,

London Electrical Manufacturing Co. l.td. has acquired
the Universal Capacitor Co. 1L.td. of Swindon. Orders for
U.C.C. capacitors should now be addressed to lLemco at
Bridges Place. Parson Green Lane, London. S.W.6.

Sperry Gyroscope Co. Ltd. has opened new oflices at 89
West Regen: Street. Glasgow, (.2,

R. G. Wheeler has been appointed publicity manager of
Johnson, Matthey & Co. L.td.

John Bunton, M.A.. M.LLE.LE.. A.Inst.P.. has been appointed
secretary of Mullard L.td.

Associated Electrical Industries Ltd. is concentrating the
development and supply of automation systems in A.L.L
Automation Ltd. at Booths Hall. Knutsford. Cheshire. The
sales staff of the vacuum products and X-ray departments

of A.E.l. have moved to Watling Street. Motherwell,
Lanarkshire (Telephone: Motherwell 4571).
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PERSONAL AND COMPANY NEWS (contd.)

H. C. Maguire has been elected to the boards of the Radio
Communication Co. 1.td. and The Marconi Sounding Device
Co. L.td.

A reciprocal marketing agreement has been arranged
between G. & E. Bradley Ltd., of Electral House, Neasden
I.ane, London, N.W.10. and the Société Ribet-Desjardins, of
Département Mesure Contrdle, 13-17 rue Péerier. Montrouge
(Seine), France.

Obituary

Sir Isaac Schoenberg. a director of Electric & Musical
Industries Ltd., died on 25th January. Born at Pinsk,
Russia, in 1880, he studied mathematics, mechanical engin-
eering and electricity at the Technological Institute of Kiev
and then joined a Russian company. where he was
responsible for the design and installation of early Russian
wireless stations.

Sir Isaac settled in England in 1914 and became a British
subject in 1919, At first he worked for the Marconi Com
pany, but in 1928 he joined the Columbia Gramophone
Company as general manager. In 1931 that company
merged with the Gramophone Company to become E.M.I.
l.td.. to which he became director of research. He was
elected a director of E.M.1. in 1955,

Sir Isaac led the E.M.1. team of scientists and engineers
which developed the 405-line television system adopted by
the B.B.C. in 1936 for the world’s first regular public high
definition television service. In consequence of this he was
awarded the Faraday Medal by the Institution of Electrical
Fngineers in 1954 for his work on television.

Liquid Laser
Hughes Aircraft Co. announce the development of a laser
using organic liquids. So far coherent light has been
obtained at 13 different wavelengths and it is possible that
this may be extended to hundreds of wavelengths. The
Raman effect is employed with liquids such as benzene,
nitrobenzene, toluene, one-bromonaphthalene, pyridine,

cyclohexana and deuterated benzene.

Pumping to a higher energy level 1s not necessary, but an
equivalent is required. Strong incident light is needed to
initiate laser action and this is obtained from a high-power
short-pulse ruby laser. The applications of the device seem
likely to be mainly in materials research.

Exhibitions

I'he London International Engineering Exhibition will be
open from 23rd April to 2nd May at both Earl’s Court and
Olympia. [t incorporates the former Engineering. Marine,
Welding and Nuclear Energy Exhibition.

The Business Etficiency Exhibition will be open from st
to 6th April at the Kelvin Hall, Glasgow. The exhibits will
include electronic computers, dictating apparatus and photo-
copying equipment.

The Research-Development-Production Exhibition will be
open from 4th to 9th May at the National Hall, Olympia.
It s intended to bridge the gap between laboratory research
and industrial production and to show ideas designed to
improve the manufacture of new products and processes.
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Telemerry can be used over short distances as well as long.  Here
it is employed in the measurement of oil-film thickness in a big-end
hearing and also connecting-rod stress.  The receiving loop is
shown at the top of the picture and the transmitting loop wound
around the connecting rod. E.M.I. Electronics are using the
method with a 100-ke/s frequency-modulated oscillator as trans-
mitter

For further information circte 60 om Service Card

Timetable Production

British Railways announce that they are, for the first time.
using a computer to produce train timetables and the
related working schedules. These timetables are to cover
the East Coast route to Edinburgh and the whole Great
Northern line of the Fastern Region. including the Shetfield
area and Lincolnshire. The first timetable so produced will
come into force in June this year

Normally almost a year elapses between starting the
compilation of a timetable and its publication. The use of a
computer is expected to reduce this time by some 10 weeks
and also to require a smaller staff.

A Ferranti Pegasus 2 computer is being used, and in
addition to the timetable it produces locomotive working
schedules and crew rostering arrangements. It also, for
example. solves the problems of the intricate platform
working at King's Cross station

U.K. Agent Wanted

Jay-El Products Inc.are looking for an agent or representa-
tive in the United Kingdom. The firm designs and manu
factures  electronic  components and  sub-assemblies.
including annunciator systems, solid-state time-delay relays.
switches, control devices and miniature electrical connec-
tors. The address 1s 1859 West 16Y9th Street, Gardena.
California, U.S.A.
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Electron Devices and Circuits

By JOHN M. CARRO1T. Pp. 344 + vii. McGraw-Hill Pub-
lishing Co. Ltd.. 95 Farringdon Street. London, E.CA4.
Price 46s. 6d.

Of American origin. this book 1s intended as a basic text
at the junior college and technical institute level. It is
virtually non-mathematical in spite of the fact that one or
two integral equations appear. notably in electricity and
magnetism. and matrix algebra rears its head in transistor
circuitry.

After dealing with the atomic basis of electron devices
and electricity and magnetism. there are eight chapters which
cover the various types of device from ordinary valves to
masers and parametric amplifiers. Then comes an intro-
duction to electronic circuits. followed by chapters on
amplifiers. oscillators. modulators and demodulators and.
finally. power supplies.

The treatment is largely explanatory and the book should
form a good introduction to the subject.

Elements of Infra-red Technology

By PAUIL W. KRUSE, LAURENCE D. MCGIAUCHIIN and
RICHMOND B. MCQUISTAN. Pp. 448 + xxi. John Wiley &
Sons Ltd.. Greencoat Place. London. SW.1. Price 81s.

The subject of this book is the generation, transmission
and detection of infra-red waves. It is not unduly highbrow
in spite of the fact that mathematics is freely used and the
list of symbols occupies five pages! The first main chapter
deals with infra-red sources and there are then three chapters
on the infra-red optical properties of media. including the
atmosphere. A chapter on the physics of semiconductors
follows and then one on sources of noise. Detection
mechanisms are considered in the final three chapters. the
last of which deals with the comparative performance of
elemental detectors. Appendixes giving useful engineering
approximations are included.

The book is a serious one and should be of importance to
anyone seriously interested in infra-red work who has the
necessary mathematical equipment. A good deal of useful
information can be obtained from it, however. even if the
reader has certain weaknesses on the mathematical side.

Automatic Control Handbook

Edited by G. A. T. BURDETT. Pp. 864 + xviii. George Newnes
Ltd.. Southampton Street. London. W.C'.2. Price 90s.
There are twenty-one sections in this book, ranging from
electric motors and control systems to closed-circuit tele-
vision. On the way, it takes in such diverse subjects as
lubrication and gyroscopes. The different sections are by
different authors and, as usually happens in such a case,
they vary considerably both in style and in level.
Throughout, the treatment is fairly elementary and is
mainly of a descriptive character; only occasionally do a
few equations enter. The longest section is that devoted to
relays and solenoids (90 pages). followed by the one on
hydraulic power units and servos (72 pages); the shortest is
the one on machine-tool programming, which is of only six
pages. In a general book of this nature 60 pages devoted
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to the specialized subject of gyroscopes seems rather many
when. for example. counting devices are given only 18,
especially when everything from scales of notation to tran-
sistor circuits is included under this heading. [t is a minor
inconvenience that the pages are not numbered sequentially ;
the numbering starts atresh in each section.

The book is clearly intended for readers having a
moderate technical knowledge. This does not mean, how-
ever. that even advanced workers will not find it useful.
The advanced worker in one speciality may have but rudi-
mentary knowledge of others, and with so wide a range of
subjects as that in this book. he may well find it a useful
introduction to those others.

Electromagnetic ‘Theory
By eRik HALLEN. Pp. 621 + xiv. Chapman & Hall Ltd..
37 Eissex Street, London, W.(.2. Price 126s.

In his preface. the author states that this book is largely
based on lectures given at Uppsala University and at the
Royal Institute of Technology in Stockholm. He also says
that some parts of the book have been previously published.

The name of Hallen is so well known in the field of aerial
theory that it is in itself a guarantee of a serious and com-
prehensive treatment of the subject. The book is divided
into six sections, namely. electrostatics. direct current,
stationary electromagnetism. electromagnetic  induction,
steady-state alternating currents and electromagnetic field
theory. Free use is made of mathematics. The author says
that the mathematical ability required of the reader is usually
restricted to a knowledge of differential and integral calculus.
ordinary differential equations and vector analysis. When
dealing with aerials. however. more advanced mathematics
becomes necessary.

One unusuat feature of the book is pointed out in the pre-
face. This is an inversion of the customary meanings
attached to H and B. The magnetic field vector B is called
alternatively magnetic field strength and magnetic flux
density; the other vector H is called, alternatively, mag-
netizing field and ampere-turn density. The author makes
the point that it is B, rather than H, which is a field strength.

This is not just a symbol inversion; B and H appear
normally in all equations and therefore represent the same
physical phenomena as usual. What is unusual is the
explanation of the nature of these phenomena. The author
claims that the change obviates many difficulties in teaching.
This is a matter open to argument. What is certain is that
it creates many ditficulties for those who are accustomed to
the ordinary explanations.

Switching Circuits for Engineers

By MITCHELL P. MARCUS. Pp. 296 + xiv.
International Inc.. 28 Welbeck Street.
Price 50s.

As is the usual practice in modern books on switching,
the starting point is two chapters on Boolean algebra
occupying 32 pages. Chapter 3 is called ‘Logical Circuits’
but this is a misnomer for it does not deal with circuits at
all; the nearest it comes to it is to have a box labelled
‘switching circuit and to have various boxes connected
together. Tt actually deals with and, or, nor and nand
functions with Boolean algebra and truth tables, as well as
with negative and mixed logic.

‘Transistor logic blocks’ follows and here circuits are
introduced, but there are only ten pages of diode, valve and
transistor circuits. Chapter 5. surprisingly. deals with ‘Con-
tact networks™ by which is meant ordinary relays. It is.
again. a short one.

The rest of the book deals with ways of simplifying and
manipulating Boolean expressions. maps. number systems.

Prentice-Hall
London. W.I.
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codes and sequential systems. Circuits hardly enter and
the treatment is entirely in a special brand of mathematics.
Iew will make any headway with the book until they have
become thoroughly familiar with Boolean algebra.

Characteristics of Sylvania Receiving Tubes
Pp. 54, Sylvania Electric Products Inc.. 1100 Main Street.
Buffalo 9. New York. U.S.A. Price 25 cents.

“This booklet contains the very latest television and radio
receiving tubes in addition to many industrial tubes. It is
intended as a quick reference to pertinent characteristics
and basing connections.”

Taschenbuch der Hochfrequenztechnik

By 1. MEINKE and ¥. w. GUNDLACH. Pp. 1641 XXXI.
Springer-Verlag, Heidelberger Platz 3. Berlin-Wilmersdorf.
Germany. Price DM 97.50.

Manufacturers’ Literature

Plessey Communications Receiver. The Type PR152 transistor
receiver is suitable for reception of AM, MCW and CW
signals on the MF and HF bands. Full specifications are given
in a 2-page leaflet,

Telecommunications Division, The Plessev Co. (U.K.) Lid..
Hford. Essex.

For further information circle 61 on Service Card

TMC Extensible Line Connector. This 6-page leaflet describes
how a full telephone service can be provided for up to 22
subscribers with a maximum of four exchange lines. Some
typical trunking schemes are shown in block diagrams.

Telephone  Muanufacturing Co. Lid., Martell Road, West
Dulwich, London, $.E.21.

For further information circle 62 on Service Card

Miles Merlin Electro-Mechanical Actuators. This 10-page

catalogue lists the current range of Miles electro-mechanical
actuators.  The actuators are designed with interchangeable
standard parts. 1t is claimed that because of this 10,000 versions
arc available to designers.

Miles Hivoli Lid.. Old Shorcham Road, Shoreham-bx-Seu,
Sussex.

For further information circle 63 on Service Card

Imhofs Instrument Cases. Imhofs have just published a new
48-page catalogue on their range of ready-made instrument

cases. Lavishly illustrated, this contains full details of over
a hundred cases. These vary from their smallest (3 X 1§ x
51

24 in) to a case nearly SS in. high that will accept five
10} x 19 in. panels.

Alfred  Imhof Lid.,
Uxbridge, Middiesex .

For further information circle 64 on Service Card

Ashlexy Works, Cowley Hill Rouad.

Two-Way Mobile ‘Outercommunications’ System. Outercom
Electronics Corporation have produced three leafiets describing
the latest additions to their range of two-way radio communica-
tions systems. These include models for operation at 25 to
54 Mc/s, 148 to 174 Mc/s and 450 to 470 Mc/s.

Distributed by: Rocke {nternational Corporation, 13 East 40th
Street, New York 16, N.Y., US.A.

For further information circle 65 on Service Card
Electronics Versatile By Airtech. This 10-page brochure gives

some details of the products and services of:
Airtech Lid., Haddenham, Bucks.

For further information circle 66 on Service Card
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RCA Computer Memory Systems. An 8-page brochure gives
details of the RCA MS scries computer memory  systems.
including optional extras.

RCA Imernational Division. 30 Rockefeller Plaza, New York
200 N.Y. U.S.A.

For further information circle 67 on Service Card

Pye Ingold pH Electrodes and Accessories. A short-form
8-page catalogue which describes the new range of Pye Ingold
pH electrodes and accessories, manufactured to the specifica-
tions of Dr. Werner Ingold of Zurich. These include low and
high temperature and industrial electrodes.

W.G. Pye & Co. Lid., Granta Works, York Street. Cambridge.
For further information circle 68 on Service Card

Weir Proximity Switch. This single leaflet gives details o!
a proximity switch, rated at 5 A 250 V a.c.. which has been
designed as a replacement for mechanically-operated  limit
switches and photoelectric switches.

G. & J. Weir Lid., Catheart, Glasgow:.

For further information circle 69 on Service Card

Synchro and Servomotor Broadsheet. This 22 < 11 in. broad-
sheet gives the salient details of over 100 Muirhead synchros
and servomotors. This is available as a fold-out leaflet or a
wall-hanging chart,

Muirhead & Co. Lid., Beckenham, Kent.

For further information circle 70 on Service Card

Vacuum Variable Capacitors. A 6-page leaflet which describes
a range of vacuum variable capacitors, produced by English
Electric,  All of these capacitors are rated to carry 40 A at
Irequencies up to 27 Mc/s.

English Electric Vialve Co. Lid., Chelmsford, Essex.

For further information circle 71 on Service Card

Fluxes for Electrical Work., In this 16-page booklet some
details are given of Fry's ‘Alcho-Re’ soldering fluxes and their
application to a number of different types of electrical
connection.

Iry's Metal Foundries Lid., Tandem Works, Merion Abbey,
London, S.W°.19,

For further information circle 72 on Service Card

Londex Relays and Electrical Automatic Control Apparatus.
As a guide to those who use or who are contemplating using
automatic clectrical control apparatus, Londex have published
this 56-page booklet. 1t contains the specifications for the
relays, timers, photoelectric devices, counters, fluid and gas
control devices and many other control units which are
marketed by:

Londex Lid., 207 Anerley Road, London, S.E.20.

For further information circle 73 on Service Card

Theta Decitrak. In this 12-page leaflet the ‘Decitrak’ shaft-
position encoder is described along with one or two applica-
tions. Basically this is a device that converts shaft position
into decimal code directly: the angle of rotation is presented
on a numerical display unit.

Theta Instrument Corporation, 520 Victor Street, Saddle Brook,
New Jerseyv, US.A.

IFor further information circle 74 on Service Card

Counting Made Easy. A 4-page leaflet giving brief details of
the counters and accessories produced by:

Radiovisor Parent Lid., Stwunhope Works, High Path, London,
S.nh.o.

For further information circle 75 on Service Card

Relays—Technical Information. This is a 42-page nmnual
which describes a comprehensive system of plug-in relays and
related units, with accessories for pre-assembling and wiring
them in groups.

D. Robinson & Co. Lid., 5/7 Church Road, Richmond, Surrey.

For further information circle 76 on Service Card
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For further information circle 224 on Service Card

Electro-Magnetic COUNTERS

MOODEL 442

6 figures — adds or subtracts
Resettable by hand — or non-resettable
Standard Model — up to 500 counts per min
High Speed Model — up to 1000 counts per min
Standard Voltages
DC 12v 24v 48v 110v
AC 1165v  230v  50c's 115v  60c s
Base or Pancl Mounted
Panel size—1-781 in (453 mm) 1250 in (31-8 mm)

VISUAL OR PRINTING
ADDING AND SUBTRACTING

MODEL 443

Adds or subtracts — or adds and subtracts

Manual or Electric Reset, or non-reset
Standard Models — up to 2100 counts per min
High Speed Models up to 3000 counts per min
Standard Voltages
DC 12v 24v 48v 60v 110v
AC 115v  250v  S0c/s 115v  60c/s
Panel mounted only
Panel size 1812 in (46.0 mm) 2:75 in (69-0 mm)

Write or telephone HOWard 2611 for fully descriptive literature

English Numbering Machines Ltd

DEPT E10 QUEENSWAY ENFIELD MIDDLESEX
Tel HOWard 2611 Grams Numgravco Enfield
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For further information circle 225 on Service Card

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES

The BIGGEST range of

ELECTRONIC EQUIPMENT

Spares & Accessories of all kinds . . .

FROM ONE SOURCE

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES FROM ONE SOURCE
NEW IN ULTRASONIC CONTROL! | CHEMICALS IN ELECTRONICS | 7 e] ) RECTIFIERS

GULTON TRANSDUCERS
TYPE
1404

78)-

each

quantity prices
upon application

NOTE THESE
FEATURES

® Small Physical Size

@ Interchangeable Receiver and Transmitter Head.
® High Q, High Efficiency

® Wide Beam Width

@ Shielded non-interference Housing

FOR:

tndustrial Automation
Intruder and Security Alarms
Gate, Tool and similar controls
Remote T.V. Control

Modei Control

Comprehensive application data and Transistorised
TX/RX Circuit supplied with all orders.

A.B. METAL PRODUCTS LTD.
CLAROSTAT CONTROLS

THOUSANDS IN STOCK!

We are main distributors for the area south of
Nottingham and Stoke-on-Trent. Quantity discounts
on application. We will be pleased to quote for any
items in the A.B. Metal Products Ltd. range.

CARBON TRACK VOLUME
CONTROLS TYPE 37 . swith
TYPE 37S with D.P. Switch

Midget Controls.
Max. Current Rating :
§ watt,

Linear, Range from S K.
ohm to SO K. ohm.

Clockwise Log, Range
from 100 K. ochm to 2
Megohm.

PRESET
CONTROLS
Type 23C

Range from 25 ohms
to 2 Megohms.

WIRE WOUND
CONTROLS Type 58

Less Switch

Rated 3 watts.  Tolerance
Range from SO ohm
to SO K. ohm

209,

AMBERSIL MS4
AEROSOL SPRAY

Non-Melting Silicone Grease
Excellent Di-Electric Properties

USE FOR : Large Economy
Water Proofing Size
Insulating
Lubricating '3/6
Preserving
Electrical and plus 1/6d.
Electronic P. & P.
e

MS4 SILICONE GREASE '
&P #Q ... == ! ,

net .-

CORE-LOCKING COMPOUND 86

Lock iron dust core screws with
this compound. It does not
perish or harden. Cores may be
adjusted at any time without
any danger of cores splintering
or formers breaking.

Per Tube

4/6 net

plus 6d. P. & P.

"
An Important Addition to D.T.V. Agencies. We
supply to the Industry at Manufacturers® Prices

Laitest developments from U.S. 4!

FROM STOCK TO ORDER
Silicon Rectifiers ,
Zener Diodes %‘l)llo"tro%llﬁs

Selenium Rectifiers
Send Business Heading for Price List and Data Sheets.

NEW ZENER DIODE KT
List available. )
4 U.S.A. INTERNATIONAL
RECTIFIER COMPANY
PUBLICATIONS

¥ Engineering Handbook 128 pages

¥ Solar Cell & Photo Cell Handbook 111 pages
Y Zener Diode Handbook 96 pages

¥ The Controlled Rectifier 132 pages

IAI.I. 15/9 in:a;’::sx or Set of 4 £3 post Free.

PERSPEX POLISH No. 3

This polish is for use on all Acrylite and similar

surface. With anti-static properties it is essential

when atempting to clean or polish materials likely to

hold a dust-attracting static

charge. 1deal for meter panels, 3/6 0
plus 6d. P. & P.

ete. In handy polyester unbreak-
able tubes.

ELECTROLUBE BRAND No. 1

2 oz. ** Snorkel** dispenser
GREEN
No. 2a Aerosol '8/. et

plus /- P. & P.

ELECTROLUBE BRAND No. 2

2 oz. “* Snorkel’’ dispenser

RED
Full Electrolube Range 27/' net
in stock. plus 1/- P. & P,

VALVES, RESISTORS,
CAPACITORS

. . . and THOUSANDS

of other components

From Stock!

MIDGET WIRE WOUND
CONTROLS Type 43

Rated | watt (Linear Track)
Diameter 1”7 Spindle 2"
Range from 10 ohm to 25 K. ochm

CONSTANT-
IMPEDANCE
CONTROLS

These industrial  controls are
supplied to specification, against
firm orders. Delivery approximately
14 days for sound systems, T pads, L
pads. mixers and faders. State ali
values.

Send for full descriptive leaflets and Bulletin No. 103 today.

EXCEPTIONAL VALUE IN INTERCOMS
FOR LABORATORY & FACTORY USE
7-STATION TRANSISTORISED
INTERCOM

Master

4 gns.

Extensions : 2 gns.
each

Offers both audio and visual calling. Battery operated
consumes current only when calling or talking. Neat,
compact, business-like units, extensions supplied
separately up to 6. Battery life 300 hrs.

THE FAMOUS WELLER
100w.72/-*47| SOLDERING GUN

The DTY Group are Manufacturers & Stockists of

TRANSFORMER Quick deliveries, many

types off the shelf. En-
C-CORE, AUDIO, MAINS, FLY-BACK  quiries invited

Touch the trigger for instant heat plus focused spot-

light. ~ Comfortable, perfectly balanced, safe. A

g:ces;ny for the outside engineer and a boon on the
nch.

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES

02

FROM ONE SOURCE
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For further information circle 226 on Service Card

ALL YOUR ELECTRONIC EQUIPMENT —SPARES — ACCESSORIES FROM ONE SOURCE
all on call from the

D.T.V. GROUP o 6666

oepe. 1E. 138 LEWISHAM WAY, NEW CROSS, LONDON, S.E.14.

(P.B.X.)
Day & Night Ansafone Service

(] TERMS OF BUSINESS
C.W.0., Pro Forma
orapproved account

ALL YOUR ELECTRONIC EQUIPMENT —SPARES —ACCESSORIES FROM ONE SOURCE
TOP QUALITY TEST EQUIPMENT AT COMPETITIVE PRICES BEULAH CLOSED CIRCUIT

match and only best quality components are used.

VALVE VOLTMETER V—T7A[F

The internationally famous Model
V-—-7A F Valve Voltmeter is excep-
tionally versatile, reliable and simple
10 use.

£19'18'6 Handsbzt;glgewith
{In Kit form each model

£13.18.6)

0-12/UF LABORATORY

5 0SCILLOSCOPE 0S-1/F SERVICE

3" OSCILLOSCOPE

‘ L e t Overall dlmcmmns
& _O. L] 5" 14"
\Vclghl 10} Ihs
{In Kit
£47.15 576, ©i5isoa
£38.10.0d) -17.0c
O plus £27. Plus
carriage carriage

Handbook supplied with

48-page Handbook
each model

supplied with each model

We offer this invaluahle service of factory made, factory wired Hoathkits.
and details. the examples shown are only a few from the comprebensive range.

UNIVERSAL
TESTMETER

TMK MULTITESTER
MODEL 500 (Imported)

£8.19.6

30,000 o.p.v.

Utilises one of the most
sensitive movements ever
10 be incorporated in a
normal production in-
strument.

Sensitivity is 33 microumps DC. and use of a knife-
edge pointer over a 2-colour scale, which is in a clear
perspex cover. gives quick easy ru\dmgs Refine-
ments include a stable printed circuit, pmm\c .xsllon
seiector switch with recessed finger grip. “*Of™
position 10 lock movement in transit. and incorpora-
tion of an internal buzser to give audible warning when
testing for short circuits. Complete with test leads and
prods, and internal batteries.

Size 3516” 6516”7 27 weight 22 ozs.

SPECIFICATION

DOC VOLTAGES;  0-0-25-1-2-5-10-25-100-250-500-
1,000V at 30,000 ohms per

volt.
0-2-5-10-25-100-250-500- 1,000V

at 15,000 ohms per volt.
0-05-5-50-500 mA; 0-12 Amps.

AC VOLTAGES;
DC CURRENT;

RESISTANCE; X10; X1K; X10K (60 Megohms
max.). Centre scale readings
350 ohms; 35 K. ohms; 350
K. ohms.

DECIBELS; 20 to 56 db (0 db 1 mW,

600 ohms).
Internal blocking condenser.
Internal buzzer.

AF OUTPUT;
SHORT TESTS;

Write for full specifications
All units are styled to

AG-9U/F AUDIO

SIGNAL GENERATOR
10 csto 100 Kes

£28.19.6d.

{In Kit form
£21.9.6d.)

Handbook for each
model

MSP-1M STABILISED POWER PACK

Soecially recommend-
ed tor industrial and
laborawory use.
Features include.

ti) 200-410v. D.C
statnlised output in 3
swilched ranges.

by Two 37 “easy
cad” meters for r
ing voliage and current
simuitaneously.

{c) JInstabilised &-3v
A.C. centre-tapped output at 4-5 amps. available at
front-panel terminals.  (d) Separate L.T. and H.T.
supply transtformers. (e} Mains and H.T. circuits fully
fased. (f}) Paper capacitors used in smoothing circuits

MSP-1W (vitrout meiey £36.17.
£43.12.6 o

AO-1U AUDIO SINE-SQUARE WAVE
GENERATOR
£19.15.6

(In Kit form
€13.15.0)

o

(In Kit
form
£29.17.6)

{In Kit

MSP'1M {with meters)

Thas is an ineapensive
genermtor which covers
30 ¢ 5-1%0 Kes with
choice of sine or square
waves, the Jatter o 50 Ke s.

TV CAMERAS

Bewlah  Closed  Circuit Television Cameras  and
associated equipment are designed and built in this
country by specialist engineers and offer versatile
equipment with an unrivalled range of facilities at a
fraction of the cost of muny other systems.  Striking
economies are possible - without sacrifice of quality or
performance by reason of novel design in both
cumeras and accessoties.

BEULAH ek
D800

STANDARD SINGLE
UNIT !
C.C. TV CAMERA

Supplied  complete
with cable and F1.5
or F1.9 lens. and in
the following versions :

M.
Ny
]

I 405 lines R.F. output 100 mV.
2. 405 lines Video output |V C.C.I.LR.
3. 625 lines Video output IV C.C.I.R.
4. 625 lines R.F. output 100 mV.

Optional Extras include :
3-position turret;
Infra-red Tube ;
Ultra-violet Tube;
Vidicon with time lag of up to 15 mins.

Ask for full details and for information on the compre-

hensive range of accessories,

zoom lens ;

>~ MODEL TP-5$
|| TESTMETER

(Imported)
20,000 o.p.v.

[£5.19.6]

A high sensitivity test
4 meter dul},ngd prlnmrllv
for use in testing Elec-
tronic equipment, Tran-
sistors  and  Television
receivers, and advanced
cexperimental work. Clear
casily read open scale
with knife edge pointer.
Complete with internal
hatterkes, test leads and prods. and operating instruc-
tion,,  Size 3 wice 537 high 11" deep. weight

only 15075,
SPECIFICATION
DC VOLTAGES; 0-10-50-250-500-1,000 V (20,000
ohms per volt),

AC VOLTAGES; 0-10-50-250-500-1,000 V (10,000

ohms per volt).
DC CURRENT; 0-50 Microamps: 0-5-50-500 mA.

RESISTANCE; 0-10-100 K: 0-1-10 Meg. (Centre
scale readings 62 ohms: 620
hms; 6:2 K; 62 K).
CAPACITANCE; OOOOI-O 005 Microfarads; 0-00S-
0| Microfarads.
DECIBELS; 20 to + 36 db in 2 ranges.

BEULAH TRANSISTORISED
VIDEO TELEVISION
MONITORS

The newest develop-
ment of \Pculh\cd
reseirch in the field
of CCTV. Beulah
Transistorised Mon-
itors, models 850(8”
screen) and 1400 (147
sCcreen)  are  speci-
fically designed to
work in conjunction
with the wide range
of economy type
CCTV Cameras now
and business users.

Adaptable

Beulah Monitors are designed for use in cither a
vertical or horizontal plane, a particularly usefu’
feature in applications such as lhcrmumelu or gauge
munn(mn}, They can hc used in cars,aircraft. ships,
trains, ete. The coaxial input to the Beulah Monitors
i arranged for linked loop working. so that a consid-
erable number of monitors can be linked together
without any other coupling device. Models can be

to industrial and

available

supplied against special order for operation from
12V battery.
Portable

Beulah Monitors are the smallest transistorised types
avaifable in the U. I\ the size of the Beulah 850 for
example is only 113 9” 97, They are housed in
strong metal cases. ure designed tor continuous work-
ing and even when mhjulcd 10 continuous yvibration
no microphony occurs.

Stackable

As many as six Beulah Monitors can be stacked on a
shelf only 97 deep and 281" wide.  All controls ure
situated at the front of the Monitors and ventilation
is no problem in stacking since negligible heat is

generated.
75 9ns,

Beulah "850” 81" Monitor

Beulah “1400” 14" Monitor
69 gns.

ALL YOUR ELECTRONIC EQUIPMENT — SPARES —ACCESSORIES FROM ONE SOURCE
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The Video Oscillator in use at the Applications
Research Laboratory of The Mullard Radio Valve
Co. Ltd,, in connection with investigations on
distortion effects in valve characteristics.

Wideband Attenuator Q251.

b R

DG et TeANen
“

2 .‘l' R

L

A unique video oscillator!

022D HAS CONSTANT OUTPUT FROM 10kc/s TO 10Mc/s

STABILISED AMPLITUDE

One of the principal features of this video
oscillator is the constant output level over
the entire frequency range. 1t is not ncces-
sary to reset the reference level each time the
range switch or frequency dial is moved.
The output, once adjusted against an internal
75-ohm load, will remain constant to within
0.5 dB at any frequency setting. The signal s
fed dircctly to a high-level output socket,
prouiding 2V r.m.s. for loads exceeding
10k&2, and to a 75-ohm attenuator. This
covers —51.5dB to -+ 10dB on a reference
level of 1V peak-to-peak. The total her-
monic content of the output is less than
1 per cent.

THERMISTOR FEEDBACK BRIDGE

The remarkable stability is achieved by
using a thcrmistor in a bridge network o
provide feed-hack from the high gain
amplifier to the tuned oscillator. As the
oscil'ations build up, power is dissipated in
the thermistor and its resistance decreases.
This tends to balance the bridge and reduce
loop gain. The process continues until the
the loop gain is unity and the circuit is in
a steady state of oscillation.

OUTPUT ATTENUATOR

The 75-ohm output attenuator is constructed
in three screened compartments, each con-
taining a switch and its associated n-net-
work. This attencator can be supplied as a
separate unit in a heavy, robust casting.
In this form, type Q251 it provides coverage
from 0 tc —61.5dB in 0.5 dB steps, accurate

to 0.1dB up to 20Mc¢;s and to 0.3dB at
60 Mc/s.

WIDE RANGE

The frequency range of 10ke/s to 10Mc/s is
covered in six ranges. The machine-
engraved dial has two scales with multi-
pliers of 1. 10 and 100. giving an effective
scale length of approximately 4 feet. Each
scale is provided with a pilot lamp to
indicate which is i use.

SQUARE WAVE QUTPUT

To facilitate the low-frequency response
testing of amplifiers anc transmission lines
a square-wave output has been included.
A 6.3V ac. sinusoidal supply from the
power transformer s cl:pped and shaped by
a transistorised chopper circuit to provide
a square wave at supply frequency. The
mark :space ratio is | :1 and the rise time of
the leading edge is 30usec. This signal is
fed through the 75-ohm attenuator and can
be monitored by the meter.

RANGE AND ACCURACY
Frequency —
Range: 10kceis to 10Mc/s
Accuracy: | per cent.
75-Ohm Output
Level: +10dB to —51.5dB on 1V
peak-to-peak
Accuracy: 0.5dB
High Level Output
2V r.m.s. into loads greater than 10,000
ohms.

[ SQUARE | u
WAVE

LOAD
OHMS PN
O——————1 ATTENUATOR

A

“THERMISTOR
EEEDBACK
BRIDGE

GENERATOR h44

VIDEO READ

LEVEL

. - — METER
[ Tuneo T,
outPut =
GLCILATOR >
e——— - AMPLIFIER Lt ‘9,
[ - 1oMen HIGH LEVEL

EASY TO USE

Of all video oscillators available today.
the 022D is probably the easiest to use.
Once the output level has been set up it will
remain constant to within 0.5dB irrespective
of the frequency range used. This makes it
very popular with the G.P.O. and B.B.C.
for rapid measurement of transmission
equipment. The main tuning dial is easy to
read and an output meter is provided for
setting the oscillator level, monitoring the
output and measuring the load impedance.

PORTABLE OR RACK-MOUNTING

The instrument can be supplied for use
either in a portable case or with a dust cover
for mounting in a conventional 19-inch
rack. The portable case is made of light
aluminium-alloy and is provided with
carrying handles and a detachable lid.
A “Protectomufi™ carrying bag can also be
supplied.

Please write or telephone for the 022 D leaflet
or ask for a demonstration.

WAYNE KERR

The Wayne Kerr Laboratories
Limited

New Malden, Surrey, England
Telephone Malden 2202

Wayne Kerr Corporation
1633 Race Street,

Philadelphia, 3, Pa, USA
Telephone LOcust 8-6820

RAVWK34
March 1963
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Mallory’s
miniature
= ZM12 battery
1| packs power for over Y@
ayear's service

= """ inthe Thermeter. )
4/ Made by Measuring /
R Instruments
d (Pullin) Ltd.

PULLIN PROBE TEMPERATURES ON MALLORY POWER!

When Pullin chose a Mallory battery for their temperature measuring Thermeter, they
gave it more than the power for over a year's service. They provided the voltage
stability needed for sustained accuracy, ensured a supply source that can lie idle
for long periods without corroding, leaking or losing energy.

LASTING POWER FOR MODERN APPLICATIONS The Pullin Thermeter,
with its single mercury battery, is just one of many instruments that feature the
reliability of Mallory power. Cambridge Instruments, Rank Cintel, English Electric—
these are among the many companies that specify Mallory batteries to give lasting
performance to their equipment. Mallory's wide range of uniquely powerful mercury
cells—coupled with a proven ability to adapt and combine them into stacks and packs
—offers designers the freedom to choose exactly the right battery for product
requirements.

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

MALLORY BATTERIES LIMITED CRAWLEY SUSSEX Crawley 26041
Export Office: 33 Duke Street London W1

M ALLO RY for new ideas in batteries

Industrial Electronics March 1963 25
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WESSEX FLUSH MOUNTING

Types 61—41-31-21
Scale lengths: 5 in.-3.43 in.—
2:62 in.-1-96 in.

RECTANGULAR FLUSH MOUNTING

Types 65-54-43-435-43N
Scale lengths: 5 in.-4.22 in.~
3-2in.-3-2in.-3-2 in.

SQUARE FLANGE FLUSH MOUNTING |

Types 404-303-202
Scale lengths:
3.56 in.~2-25 in.~1.81 in.

FLUSH HORIZONTAL MOUNTING

Types EH 100-EH 50-EH 30
Scale lengths:
8-2in.-4 in.-2.25 in.

ROUND FLUSH MOUNTING
Types 60-40-35-25

Scale lengths: 56 in.-3-4—
2.75in.-1-9 in.

The inereasing demand for the compre-
hensive 8ifam Range of Eleetrical and
Temperature Mcasuring Instruments has

72z been met by consistent, planned expan-
vy 7 29 CPEp, . ¢t by ¢ S » planne ps
oo 7 ;4’4 I/"d sion of resourees and faeilities. More and

more, leading manufacturers, designers
INSTRUMENTS and engineers use the Sifam cataloguc as /.

the key to prompt deliveries of an un-

SIFAM ELECTRICAL INSTRUMENT CO., LTD. rivalled range of types and sizes. Write

§ for your copy now, or our Technical
Woodland Road, Torquay, Devon. Representative for your area will be glad
Telephone: Torquay 63822/4 to call with full information.

26 Industrial Electronics  March 1963
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Hundreds and thousands...

... off-the-shelf — or specially designed for you.
Insulators, Lugs, Stand-offs, Brackets, Terminal
Boards, Chassis Fittings, etc. Watch-maker

precision, rigid inspection, post-haste service.
HARWIN ENGINEERS LTD + RODNEY RD < PORTSMOUTH
HAMPSHIRE + TELEPHONE : PORTSMOUTH 35555 (4 lines)
As Mini-Tronic says: y 6 F 3
‘When time and space are tight, ¢

HARWIN see you right’
Just telephone or write

GREAT FOR MINIATURE ELECTRONIC COMPONENTS

Industrial Electronics March 1963 27
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INTERNATIONAL

plastics

AND CONVENTION

A world-wide view of plastics progress

interplas 63

You can profitably pay several visits to this vast showplace of the
world’s plastics industries where you can study the newest mach-
inery, equipment, materials and products from 500 firms in 15
countries. Gather ideas for product improvement, cost reduction.
See how plastics can be moulded, extruded, foamed, laminated
into everything from shoe heels to houses, from propeller-shaft
bearings to paper clips. Discuss your plastics problems with
2xperts, join in the Convention, addressed by the industry’s leading
authorities. Interplas 63 will provide a new perspective on the
unlimited potential of plastics today—and tomorrow.

Organised by BRITISH PLASTICS AND INTERNATIONAL PLASTICS ENGINEERING
with the co-operation of the British Plastics Federation.

100 YEARS OF PLASTICS

The Plastics Centenary Year will he
marked by a special display of interest
to everyone concerned with plastics.

DESIGN AWARD

Over two hundred of the world’s
Sinest plastics products for the home
inthe INTERPIL.AS Design Display.
The Exhibition’s special trophy

to the designer of the best product.

FILMS ABOUT PLASTICS

New films on all aspects of
plastics produciion at the Interplas cinema,
open daily to all visitors.

OLYMPIA LONDON 12-22 JUNE

A major
event you
must not miss
Name
FILLIN
AND POST Address

TODAY

The Exhibition Manager, Interplas 63, Dorset House, Stamford St., London S.E.1.
Please send me further information and a season ticket.

Firm (it applicable) I I

Date 553

March 1963
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Improved accuracy,
now | 0.17,.

Faster—
about 60 volts/sec.

True RMS sensing
immune to

Temperature
compensated
(Pat. applied for)

= GNIN) =2

AC.2 Mk. 1] £99 iﬁ UK. AC7Mk. 1l £143 in UK.

Wooden Ends f4 extra

Industrial Electronics  March 1963

waveshape changes.

For further information circle 232 on Service Card

Continuous servo
no creeping towards
balance and

NO NOISE.

Tropicalised,
DEF spec. quality.

Wide/narrow
range facility.

Price unchanged
since 1953.

counts toward supremacy
in A.C. Stabiliser design by

SERVOMEX

Servomex A.C. stabilisers are true RMS
instruments-— they have to be to reach the

new precision of 0.1°,—any rectifier measuring
device being upset by distorted waveform of the.
supply voltage, or of the load current.
Servomex Technical leadership makes these

new models better than ever and Servomex
production know-how gives you a de-luxe
nstrument at No extra price.

Wwtrite for data sheets and a copy of * Technical
Notes” on A.C. Siabilisers.

SERVOMEX CONTROLS LIMITED
Crowborough, Sussex. GCrowborough 1247
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DEPENDABLEDelanea

COPPER CLAD LAMINATES

30

the o material
for

Reproduced by kind
permission of Ferranti Ltd.
Circuitry by Tectonic
Industrial Printers Ltd.

The material with the plus characteristics

Forapplications wheve ministryspeci-
ficationsand othersdemand a material
with characteristics far above the
commercial range of copper clad lami-
nates for printed circuitry. Delanco
epoxy-glass hase, and Teflon base, the
materials with the ‘“Plus’’ character-
istics will fll1 the need. Demand for

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

WRITE NOW FOR DELANCO TECHNICAL BULLETIN OF

Delanco............

ANGLO-AMERICAN VULCANIZED FIBRE CO. LTD ¢ Cayton Works + Bath Street ¢ London -«

CLE 8484 - Grams: PROMPSERV CENT, LONDON + Delanco Works « Leonard Street - London « E.C.2

Indusirial Electronics




Let the

INDUSTRIAL
ELEGTRONICS

READER ENQUIRY
SERVICE

help you to
obtain more
information

Circle the code numbers of
the items in which you are
Interested. Insert your name
and address, etc., in block
capitals and post the card to us.

We will communicate with the
manufacturers concerned and
arrange for the information you
require to be sent to you with-
out obligation.

(No postage stamp is required
if posted in Great Britain or
Northern Ireland)

Is this your own copy?

Each month INDUSTRIAL
ELECTRONICS will bring you news
of the latest applications, the most
recently announced equipment, pro-
duced by the rapidly expanding
electronics industries of the world.

It is invaluable to all management and
production executives, and engineers,
In Industry generally, who need to be
informed of the latest developments
In electronic aids to industry.

MAKE SURE OF YOUR COPIES
USE THE ORDER CARD NOW

§
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INDUSTRIAL ELECTRONICS

Editorial code number— | 2 3
16 17 18 19 20 21
34 35 36 37 38 39
52 53 54 55 56 57
70 71 72 73 74 75
Advertisement code number— 200 201
214 215 216 217 218 219
232 233 234 235 236 237
250 251 252 253 254 255

| would aiso like details of

Your Name

4
22
40
58
76

202
220
238
256

5
23
41
59
77

203
221
239
257

6
24
42
60
78

204
222
240
258

READER ENQUIRY SERVICE
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7
25
43
6l
79

205
223
241
259

8
26
44
62
80

206
224
242
260

9
27
45
63
8l

207
225
243
261

10
28
46
64
82

208
226
244
262

]
29
47
65
83

209
227
245
263

12
30

13 14 IS
31 32 33
49 50 SI
67 68 69
85 86 87
211 212 213
229 230 231
247 248 249
265 266 267

Name of Firm

Position held

Address

Nature of Business.

aNsaNaaNsaNesNaaNaaMNeaNas NaaNad N aaMNaa anaa’ aaN\aaNaa™ sa/\as
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Postage will
be paid by
Associated
1liffe Press

PLEASE USE BLOCK CAPITALS

aa ae/

BUSINESS REPLY CARD
Licence No. SE 591

“INDUSTRIAL ELECTRONICS “,
DORSET HOUSE,
STAMFORD STREET,
LONDON, S.E.1

INDUSTRIAL

ELEGTRONIGS

Subscription Rates
Home and Overseas £3. 0s. 0d.
USA and Canada $8.50

NAME

ae o an e Naa N aeMNaeNaaNaaNan
800 ":7;:7"\/"\/"\/“ SO SO I SIV W, v T

No Postage
Stamp
necessary if
posted in
Great Britain
or Northern
Ireland

MARCH 1963

SUBSCRIBER'S ORDER FORM

Please supply

INDUSTRIAL ELECTRONICS monthly for
the next 12 months

I will remit on receipt of invoice

ADDRESS




No Postage

o - Stamp
ostage wi necessary if L 1' 1' h
be palfi by posted in e e
Associated Great Britain
liiffe Press

BUSINESS REPLY CARD
Licence No. SE 591

“INDUSTRIAL ELECTRONICS“,
DORSET HOUSE,

STAMFORD STREET,
LONDON, S.E.1

or Northern
[reland

INDUSTRIAL ElECTRONICSI

READER ENQUIRY SERVICE
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Editorial code number— | 2 3 4 g 26 27 28 2; ;g ;'l’ ;(2) ;? ;; ;g the ltemj IT which you are
16 17 18 19 20 21 22 2 4 5 6 interested. ser o na
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5| Interest LRSS AL AR
52 53 54 55 56 57 S8 59 60 61 62 63 64 65 66 67 68 69 and address, etc., in block
70 71 72 73 74 75 76 77 78 79 80 8/ 8 83 84 8 86 87 capitals and post the card to us.
Advertisement code number— 200 201 202 203 204 205 206 207 208 209 210 21t 212 213 : . .
214 215 216 217 218 219 220 221 222 223 224 225 226 227 228 229 230 231 We will communicate with the
232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 manufacturers concerned and
250 251 252 253 254 255 256 257 258 259 260 261 262 263 264 265 266 267 arrange for the information you
require to be sent to you with-
1 would also like details of. ] .
out obligation.
Your Nome....... Position held
Name of Firm.
Address (No postage stamp Is required
If posted in Great Britain or
Northern Ireland)
Nature of Business
PLEASE USE BLOCK CAPITALS
= ———
No Postage Is this your own copy?
Postage will Stamp )
be paid by necessary if
sssociated posted in Each month INDUSTRIAL
”l,sﬁ, - Great Britain ELECTRONICS will bring you news
¢ or Northern of the latest applications, the most
Ireland recently announced equipment, pro-
duced by the rapidly expanding

BUSINESS REPLY CARD

Licence No. SE 591

“INDUSTRIAL ELECTRONICS“,
DORSET HOUSE,

STAMFORD STREET,
LONDON, S.E.1

INDUSTRIAL
ELECTRONICS

READER ENQUIRY
SERVIGE

help you to
obtain more
information

Circle the code numbers of

electronics industries of the world.

It is invaluable to all management and
production executives, and engineers,
In industry generally, who need to be
informed of the latest developments
in electronic aids to industry,

MAKE SURE OF YOUR COPIES
USE THE ORDER CARD NOW
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ULTRA THIN FOIL

TANTALUM FOIL

For stable miniature capacitors

ZIRCONIUM FOIL

For higzh actinic light content flash bulb:

TELCONSTAN FOIL

For printed circuits. de-icing equipment,
resistors and strain gauge ;
MUMETAL, RADIOMETAL,
AND H.S. ALLOY FOIL

For magnetic memory devices and
switching components in computers

BERYLLIUM COPPER FOIL

Forrecording head spacers and
micro-miniaturisation equipment

STEEL FOIL
For instrument mountings and spacersin
recording heads

The above alloys can be suppliel in thicknesses down
t0 0.00013" (3.3 microns) and in widths up to 4}

One of the Sendzimir mills installod in cur Crawley Works,

TELCON METALS LTD

P.O. Box 12 - Manor Royal « Crawley - Sussex - [elephone: Crawley 28800 - Telegrams: Teleon, Crawley « Telex: 8748

Member of the m Group of Companies

For further information circle 235 on Service Card For further information circle 236 on Service Card
An up-to-date directory of the radio, television and An essential book for
domestic electrical industries — now ready research workers and

designers ...

TRADER MICROWAVE

YEAR BOOK DATA TABLES

RADIO, TELEVISION & ELECTRICAL APPLIANCES

by A. E. Booth, M.L.LR.E., GRADUATE L.E.E.

1963 This book forms an accurite and labour-saving
aid for computations inveolving basic microwave
quantities which occur continually in design and
developmernt work on waveguides and similar
transmission lines, such as decibe! relationships,
guide and free-space wavelengths, voltage standing-
wave ratio, and voltage or power reflection
coefficients. Printed on stout paper and strongly
bound to withstand constant usage in design
office or laboratory, it contains 26 tables com-
prising over 23,000 separate computations. The

All the facts. technical data and business informa-
tion nceded by radio and electrical dealers and
service engineers-—at your fingertips in one compact,
quick-reference volume.

Includes: Directory of Principal Trade Organisa-
tions: Official Addresses: Legal Guide: G.P.O. and
other Licences; Rates of Pay: Addresses of Electricity
Boards:; Valve Base Connections: Specifications:

Wholesalers; Proprictary Names Directory: Buyers’ figures in the tables have been computed on a
Guide; Trade Addresses, etc. Pegasus electronic digital computer to the limit
21s net by post 225 64 81" x 51" 436 pp 27s. 6d. net of practical measuring accuracy.

by post 28s. 8d.

leading booksell .
e Over 23,000 separate computations

Published for " Wireless & Electrical Trader’' by from leading booksellers

ILIFFE Books Ltd. Published by

DORSET HOUSE STAMFORD STREET LONDON SEI ILIFFE Books Lid.,
Dorset House, Stamford Street, London, S.E.1

Industrial Electronics March 1963 K}
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WHITELEY

manufacture
a wide range

electronic
eq_uipment

N\ 4. :3

£
[l )

plastic
mouldings

,/, j’! |

componeltts ’ “

get

in touch with us

. NOW!

The items shown here are representative of the extensive
variety of products manufactured by the Whiteley organisation.
Our technical resources are available for the development and
production of specialised components for the electronic
industry.

WHITELEY ELECTRICAL RADIO CO LTD

MANSFIELD - NOTTS Telephone: Mansfield 1762-5

wWBl64

S

For further information cirele 238 on Service Card

ADCOLR™

(Regd. rade Mark)
HIGH EFFICIENCY
SOLDERING INSTRUMENTS
FOR
BENCH LINE PRODUCTION

Apply direct to
Head Office Sales and Service

ADCOLA PRODUCTS LTD.
ADCOLA HOUSE
GAUDEN ROAD
LONDON SW4

Telephones

MACaulay
4272 Telegrams
and SOLJOINT, LONDON SW.4
3101
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5 g
EFFECTIVE USE ¢

OF THE
HALL EFFECT

The Hall-effect, as we hardly dare to mention is that
which results when a conducting material —in this case
indium arsenide — is placed in a magnetic field. The voitage
developed across the plate is then proportional to the
product of the magnetic field and the current passing
through the plate.

Some time ago AEl produced a multiplier based on this
principle and before making it generally available decided to
test it thoroughly “in the field". Already it has met with
great success in development applications in analogue
computers, power meters, D.C./A.C. convertors, wattmeters

Industrial Electronics Marceh 1963

etc. Now, tried, tested and found very promising it makes
its public debut.

We don't even claim to know all the potential applications
for the Hall-effect Multiplier. We will gladly send full details
so that you can see how it may help you in devising new
circuits—or better ways of carrying out existing circuit
functions.

For further information contact your local AE! district office or:—
AEIl Instrumentation Bivision
Instrument & Meter Department,
Trafford Park, Manchester 17.

Instrumentation Division
Associated Electrical Industries Limited

scfi41
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A high qualrt
versatile
OSCILLOSCOPE
that you can
build at low cost!

FIRST OF A NEW SERIES OF

Wireless World

CONSTRUCTIONAL ARTICLES

With this oscilloscope  WIRELESS WORLD
begins a new series of articles on construction
and usc of clectronic apparatus. Intended for
rcaders with very limited facilities, it will build
up a range of cquipment with which more ambi-
tious projects can be tackled. Prices are kept
down without compromising quality.

TIRIsALE
NeY

'his oscilloscope — designed in WIRELESS
WORLD’S own laboratories —— is the basis of
a complete set of test cquipment. It has a flat-
faced, 3 inch, 3 kV tube, calibrated <x’ and “y
controls, and can be adapted by means of plug-

in units for varied uses including television
testing. Plug-in time bases will range from the
free-running type to triggered, delayed versions.
Plug-in y-amplifiers cover from the audio range
to 1o Mc s.

March issue

Description and design requirements

Never before has such an excellent opportunity
been offered to experimental constructors—effec-
tely a course tn practical electronics backed by
Britain’s pre-eminent electronics journal. Make sure
of WIRELESS WORLD’S March issuc — and
place a regular order.

April issue

First constructional details

Wireless World

All Newsagents 2s 6d

BEGINNING
IN THE MARCH

4 lndustrial Electronics  March 1963
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SENSATIONAL
TOOLING DEPARTURE
PRODUCES BLANKS

AT “KNOCK-OUT”’ PRICES...
“CROSLAND” COURSE

delivery
dates ARE

T,

e know the importance of making realistic
W delivery promises, and abiding by them.

We krow that cabinets and consoles to
house electrical and eiectronic eguipment often
have to be designed and produced in a hurry and we
are organised to do this. We know that a major
factor in our success is the close personal contact c"osland “n
we establish and maintain with our customers at 90% of ew d
every stage of project development. We know that ° tool cost.
tricky one-off special jobs can be a headache to
some people. but we like handling them. We think
we are useful people to know and we would like
you to know us. May we send you our literature?

HGSSQH' & qrpQr l_l'(] BREDBURY, Nr. STOCKPORT, CHESHIRE
- .

el: Woodley 2621 (3 lines)

LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E£.8
Tel: Cllssold 6701/2

REGENT PLACE ° BIRMINGHAM
TELEPHONE: CENTRAL 64138

Industrial Electrovics  March 1963 35



For further information circle 243 on Service Card

IN THIS BIG TRIANGLE
OF SAFE OPERATION,
PHILCO MADT: SWITCHES

)
(o)

ST

o
RS R R A
Vee

IS5y

Philco triangle of safe operation includes all current-voltage conditions under
which a Philco MADT is guaranteed against avalanche (and resultant latching).

TRIANGLE OF GUARANTEED
LATCH-FREE OPERATION

2N779A \i,—=50ma
ON1499A

ON2048

ON2401 '

ON2402 p—

* Micro Alloy Diffused-base Transistor

All Philco MADT types are in stock

36

Now youcan forget about avalanche (and resultantlatching)
as a pitfall in circuit design. Philco Micro Alloy Diffused-
base Transistors-—inherently resistant to avalanche now
are certified avalanche-resistant with a Philco guarantee.
Philco MADT switch specifications now include an 1.V
triangle of (guaranteed) safe operation- at no extra cost.

For more reliable switching at every clock-frequency,
there’s a Philco MADT. For complete data on specific
types, write

PHILCO

INTERNATIONAL LIMITED
Semiconductor Sales Division —————
30-32 GRAY’S INN ROAD W.C.1 CHANCERY 3668

Write or telephone also
for full details of all Philco semiconductor products

Industrial Electronics  Marcl 1963



INDUSTRIAL

ELECTRONIGS

Press date for the April 1963 issue is
first post 27th March 1963

GLASSIFIED ADVERTISEMENTS

Advertisement Rates.

6d. per word, minimum charge 6/-, each paragraph charged

separately. Remittances payable to** Industrial Electronics *°, Dorset House, Stamford

St.. S.E.L.

Series discount of 15%, is allowed for 12 consecutive insertions.
o

Box Numbers are available at an additional charge of 2/- 1o defray cost of registration

and postage.

Replies should bhe addressed Box No. 0000, c/o

* Industrial

Electronics *', Dorset House, Stamford Street, London, S.E.1,

Semi-Display advertisements with centralized lines £1/15/- per single column inch.
Display advertisements £2{10/- per single column inch—no additional charge for Box

Numbers.

The Publishers are not responsible for clerical or printers’ errors although
every care is taken to avoid mistakes.

SITUATIONS VACANT

D.S.LR.
HYDRAULICS RESEARCH STATION
WALLINGFORD, BERKS.

EXPERIMENTAL OFFICER required tor work,
mainly electronic, on the design and development of
instruments for research into the water balance of
catchment areas.

Qualifications: H.N.C. or equivalent, and experience
of transistor and relay circuits.  Mechanical design
ability is desirable.

Salary: (Minimum age 26) £1,130-£1,389. .
Application forms and further details inay be obtained
from the Director at above address quoting E AL 012.
Closing date | 1th March, 1963. B0

SOGENIQUE (ELECTRONICS) LIMITED
Newport Pagnell, Bucks.

ELECTRONICS ENGINEERS

Two Development Engineers are required by this
company which manutactures precision linear and
circular measuring equipment for the scientific and
machine tool industries.
One engineer is required to develop new designs and
carry out work on the basic limitations of the systems
at present in use.
A second engineer is wanted to produce fully engin-
cered designs from prototype and experimental
equipments. . i
These positions carry good remuneration, pension
fund and life assurance scheme. Write in first
instance stating age, education, experience and salary
required.

{2017

TUITION

LOUGHBOROUGH COLLEGE Ot
TECHNOLOGY
Leicestershire
POSTGRADUATE COURSE IN
ERGONOMICS AND CYBERNETICS
Applications are invited for the one-year full-time
course in Ergonomics and Cybernetics which starts
1st October 1963. The course is intended @

(1) For ENGINEERS, ARCHITECTS and DE-
SIGNERS of all types of equipment ;

(2) For graduates or diplomates in the SOCIAL.
BIOLOGICAL or PHYSICAL SCIENCES who
wish to enter the field of Ergonomics and
Cybernetics :

(3) As an IMMEDIATE POSTGRADUATE course
for students who intend to graduate this year in
any of the above fields.

A limited number of postgraduate awards is available,

ELECTRONIC COMPUTERS

ciples and Applications

covering tuition fees, board-residence in Hall and
personal grants.

Full details of course and the postgraduate awards.
together with forms of application, may be obtained
from the Head of the Department of Ergonomics and
Cybernetics. {2019

PATENTS

Patent No 766,033 entitded " lmprovements in or
relating 1o Piczo-Electric Crystals™ is for sale or
licence. For details apply to CHATWIN &
COMPANY. Chartered Patent Agents. 253, Gray's
inn Road, London. W.C.I. 12018

BOOKS, ETC.
CRADIO  Designer's Handbook.”™ (4th  Edition.)
Editor: F. Langford-Smith. B.Sc., B Senior

Member LR.E(US.A). AM.LE(Aust.). A com-
pichensive  reterence  book. the work of ten
authors and twenty-three collaborating engineers,
containing a ast amount of data in a readily
accessible form. The book is intended especially
for those interested in the design and application
of radio receivers or audio amplifiers. 55s net
from all booksellers. By post 57s 9d from lliffe
Books Ltd.. Dorset House, Stamford Street. S.E.1

stampings.

@ Km GROUP RESEARCH LABORATORY

ELECTRONIC AND CONTROL ENGINEERS

The G.K.N. Group is a vertically integrated concern from the production of
steel to the manufacture of a wide range of fasteners, pressings, forgings and

Vacancics exist for Electronic Engincers with a knowledge of systems control
theory who are interested in developing instruments associated with control
systems for the steel-making process and engineering activities.

These are posts offering real intellectual challenge plus the opportunity of
secing projects through to successful operation in the works;

for example.

current projects range from work on an electro-optical scanning system for high
speed inspection of small parts, involving the principle of * character recognition °,
to the development in a steel mill of an instantaneous quality control system by
radiographic examination of thick steel sections using a linear accelerator and

fluoroscopic T.V. display of the image.

Apptications are invited from Electrical Engincers or Physicists who have
graduated with good Hons. qualifications from a University or C.A.T., and have
specialised knowledge of electronics or post-graduate experience in this field.

Staﬁ'.conditions are good and the laboratory is situated on the western edge
of the Midlands conurbation, not far from pleasant countryside.

Pleasc write, giving details of age, education, expericnce and salary to the:

Personel Officer, G.K.N. Group Research Laboratory
Birmingham New Road, Lanesfield, Wolverhampton

For further information circle 244 on Service Card

An introduction to the operating principles of computers
Jor students, engineers and technicians

niques.

Industrial Electronics March 1963

A non-mathematical introduction to the operating principles of
clectronic computers, primarily written for technicians, engincers
and students with some knowledge of electronic or radio tech-
The treatment has been made as general as possible in
order to give a broad background picture of the whole field of
computing, from which the rcader can pass on to more advanced
and specialised studies.

ELEGTRONIG GOMPUTERS

T. E. lvall

Principles and applications

2358 mnet

by post 26s

263 pp. including 32 plates

2ND EDITION

Obtainable from leading booksellers
Published by

ILIFFE Books Ltd.

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

37



For further information

V4

(it

" —

SMOOTH - LLONG WEARING
NT FOR BLUE PRINTS

1011 'TO 8B
DRAWING OFFICE SUPPLIERS
AND STATIONERS

BLACK .
EXCELLED
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10

EACH

FABER-LRSTELL

Faber-Castell are also famous for stide rules and

offer « weide range including  student nodets
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OXLEY
DEVELOPMENTS
CO. LTD.

KLEY

SOLDERLESS
WRAPPED
JOINTS

CHARACTERISTICS

Chassis thickness 16-18 SWG 048 064" 1.2 1.6 mm
Capacity 1.5 pF
Operating  tem-

perature .5 C 200 C

The Oxiey **Barb™ solderless wrapped connector i1s a

speedily assembled lead through, of outstanding electrical
and mechanical characteristics.

The spill is nickel flashed and solder dipped and spun to
British P.O. Specification No. M38. Insert the bush in a
.156 dia. plain hole in the chassis. and press the barbed spill
firmly but slowly through the bush: the latter expands,
particularly on the far side of the chassis, and results in the
insulator becoming an integral part of it.

In addition to its excellent qualities. a considerable saving
of time is effected in assembly.
Supplied in sealed packets of 100 and 1000.

Printed in Great Britain for the Publishers, Miffe Flectrical Publications Lid..

Andover. Hants,

. ACTUAL SIZE BRITISH
Srom 2% .6, sk for lterature. J_l & FOREIGN
Sole agent UK. Made in Bavaria :l”ﬁrq!?.—(”up PATENTS
BERRICN BROS. LTD.. 20-24 Kirby Mreet. London. EC.1 | oxiev veverorments co. tro., UILV.ERSTON, LANGS.
For further information circle 247 on Service Card
By B. J. Starkey, Dipl.Ing., AMIEE. A of increasing importance to electrical engineers
presentation of the theory of Laplace transfor- in many fields, and the work is designed to
mation in which a physical vocabulary rather provide them with a thorough treatment of the
than a purely mathematical one is used as far as subject in a language with which they will be
possible.  This method of analysis has become familiar.
30s. net BY POST ;1. 2d.
From leading booksellers, published by ILIFFE Books Ltd., Dorset House, Stamford Street, London, S.E.1
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SUB-MINIATURE ELECTROLYTICS
FOR TRANSISTOR CIRCVUITS

These Capacitors are shorter than those in our
standard range and are ideal for miniaturised transistor
circuits such as in pocket radios. The six sizes already
announced and the two listed below, are introduced to
fill this nced, and each is available with wires at opposite
ends for horizontal mounting (““H’’), or at one end for
verticle mounting (V).

Connection wires are welded for low resistance
contact and solder coated for case of assembly. The
standard length is 13" for the horizontal range, cropped

»

to %" for the vertical range.
The capacitors are in insulated scamless aluminium
cases and sealed with a synthetic rubber bung.

Capacitance Tolerance Standard tolerance is —20"
£100" , of the rated capacitance.

Operating Temperature Range : —20°Ctwo - 60°C.

Leakage Current. This may be determined from the
following : I(xA) — -20C.V. 20 at applied working
voltage and at 20 C.

rec | Sasesize | MAGITAGESAND
TYPE CAPACITANCE (.F)

e p | L | c [3v.|ev.|iov.|isv.|2sv.|50v.
CE8 + | 3 loa4|1co| 8o| eo| 40| 25
ces | 2 | 3 |02 | 250|200 | 1€0 | 100 | 60

THE TELEGRAPH

RADIO DIVISION

CONDENSER CO.

NORTH ACTON

LTD.

ACOrn 006l

LONDON W-3 Tel:
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Parmeko engineers have been designing,
developing, and manufacturing electronic
equipment and components for the
solution of control problems in industry
for over 30 years.

Their knowledge and first-hand experience
in this field are readily available.

SEQUENCE CONTROL EQUIPMENT
MOTOR SPEED CONTROLLERS
VOLTAGE REGULATORS

STATIC SWITCHING EQUIPMENT
AC POWER CONTROLLERS

DIRECT CURRENT AMPLIFIERS

SCR TRIGGER UNITS

CIRCUIT ELEMENTS
ELECTRO-MECHANICAL DEVICES
MAGNETIC CLUTCHES AND BRAKES
AC AND DC SOLENOIDS
MAGNETIC AMPLIFIERS
TRANSDUCTORS

SATURABLE CORE REACTORS

and, of course, the most comprehensive
range of TRANSFORMERS
available in Europe.

PARMEKO LTD, PERCY ROAD, LEICESTER, TEL: 32287






