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BICC 

R.F. 
SUB MINIATURE 

COAXIAL 
CABLES 

for 

miniaturized 

electronic 

equipment 

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

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

available on request. 

BRITISH INSULATED CALLENDER'S CABLES LIMITED, 21 Bloomsbury Street, London, W.C.I 
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499 Comment 

501 Industrial Applications of Electronic Counters by M. W. G. Hall 
Counters are now widely used in industry. This article explains 
how they work and describes some of their less obvious applications. 

505 New Aids for Industrial Training by R. C. Winton, B.Sc. 

There has recently been considerable interest in new ways of training 
and there are now a number of different training aids ranging from 
special books to adaptive machines. In this article some of these 
aids are described and their special characteristics outlined. 

509 Weighing Table-Tennis Balls by Electronics 

This article describes a simple automatic weighing machine developed 
for table-tennis balls. It also sorts the balls into three categories of 
weight. 

51 I Output Devices for Industrial Computer Systems 
by J. F. Roth, B.Sc. 

For an industrial computer control system to be of practical value, 
the output information must be presented in a suitable form. The 
main requirements and methods available for achieving them are 
discussed in this article. 

515 Applications of Storage Tubes in Instrumentation -Pt. 2 
by F. J. Honey 

Continuing the discussion of storage cathode-ray tubes, further 
applications are described. These range from acceleration impulse 
testing to slow-scan television. 

520 Use of Radioactive Materials in Industrial Radiography 
by Denis Taylor, M.Sc., Ph.D. 

In cases where time is not important radioactive materials often 
form a useful and inexpensive alternative to X-ray generators for 
such things as the radiographic inspection of castings and welds. 
Both conventional photographic and electronic methods of detec-
tion can be employed. 

continued overleaf 
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534 Low-Distortion Constant-Voltage Transformer 
by J. K. Choudhuty, M.Sc., M.Sc.( Tech.), 

and S. Ñ. Bhattaeharyya, M.Sc. 
A constant-voltage transformer is described which, in conjunction 
with filters and an electronic harmonic-extractor, provides an 
exceptionally pure output waveform. An output stable within 
0.2% for input variations of 15% is obtained with a harmonic con-
tent of 1%. 

538 Synthesizing the Radiation Pattern of a Ring Aerial 
by P. Knight, B.A. 

This article describes a method for determining the currents and 
voltages with which the radiating elements of a ring aerial must be 
driven in order to produce a specified radiation pattern, a process 
often referred to as radiation pattern synthesis. The application 
of the method to the practical case of a ring of dipoles mounted on 
a cylinder is illustrated with an example. 

FEATURES 

508 Atlas Mass Filter 

510 Monitoring Radiation 

514 Self- Healing Dielectric Gel 

19 Etched-Foil Strain Gauges 

523 Multi-Lingual Tannoy Sys-
tem 

524 Equipment Review 

Next Month 

544 Industrial News 
/MIR Mite 

547 New Books I 

548 Manufacturers' Literature 

41 Classified Advertisements 

42 Index to Advertisers 

The industrial applications of ultrasonic cleaning will 'be discussed 
in an article in the August issue. Other articles will deal with 
modular servo-system elements, with electronic methods of colour 
registration in printing, and with an experimental system for the 
machine transcription of shorthand. 

OUR COVER 

JULY 1963 

This illustrates one of the many applications of 
electronic counters in industry. Here o Triumph 
batch counter is being used at the Horsham plant 
of Ciba Laboratories to control the filling of con-
tainers with pre-determined numbers of tablets at 
a rate of over half a million a day. Elsewhere in 
this issue electronic counters are described and a 
number of other applications given. 

TO SAVE YOUR TIME 

We will assist you to obtain 

further information on any products 

or processes described or advertised 

in this issue. Just use the enquiry 

cards to be found in the front and 

back of the journal. 

0 Iliffe Electrical Publications Ltd., 1963 

Permission in writing from the Editor must first be obtained before letterpress or illustrations are reproduced from this journal. Brief abstracto 
or comments are allowed provided acknowledgment to the journal is given. 
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Write for leaflet FP1/2 

The 
Painton 

FLATPOT 
SUBMINIATURE ADJUSTABLE 

POTENTIOMETER 

* WIREWOUND 

* STAB_E SETTINGS 

* FINE SCREWDRIVER ADJUSTMENT 

* SPACE SAVING 

Painton 
& CO. LIMITED 

KINGSTHORPE • NORTHAMPTON 
Tel: 34251 ( 10 Imes) • Grams: Cell' Northampton • Telex: 31576 
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ERSIN 

U5VSOLDER 

SAVBIT 
for factories 

Supplied to factories as 
standard, in 7 lb. or 1 lb. reels 
of 14, 16 and 18 s.w.g., packed 
in easy-to-handle 281b. 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. 

10 

12 

13 

14 

16 
18 

19 

20 

22 

Ft. 

24 

36 
46.2 

60.8 
96.2 

170 

244 
307 

508 

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

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

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

percentage of copper in Ersin Multicore Savbit Alloy reduces bit wear 

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

Send for this interesting booklet 

Laboratory engineers and technicians are 

invited to write on their Company's 

letterheading for the latest edition of 

Modern Solders. It contains technical and 

background information, tables of data on 
alloys, gauges and temperatures. 

Ersin Multicore Savbit Alloy is manufactured under sole Brirish Licence of Patent No. 721,88I — 

MULTICORE SOLDERS LIMITED, MULTICORE WORKS, 

HEMEL HEMPSTEAD, HERTS. (BOXMOOR 3636) 
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COUPIINGS 
ce4in 

uietss 

The range of Silentbloc products includes 

a wide variety of devices for noise and 

vibration reduction, efficient power trans-

mission, instrument, protection, power unit 

location, vehicle suspension and many 

other purposes in all branches of industry. 

Weight and power ranges provided for 

extend from light portable eilyjpiffient to 

the heaviest industrial machinery. 

Come to us at the 
drawing-board stage 

SILENTBLOC LIMITED 

*: INTERLOCK " LOCATING PINS 
Nsiair 

e eete 
etti 

£.1g VIOOMMS 
‘ausffi insue ego 

" VIBREX PANEL FASTENERS 

mtictindiVI "U"InS BALL JOINTS 

SILENTBLOC 
ANTI- VIBRATION DEVICES 

FOR ROAD AND RAIL TRACTION 

INDUSTRY • MARINE APPLICATIONS 

INSTRUMENTATION • ELECTRONICS 

MANOR ROYAL CRAWLEY SUSSEX 

Telephone: Crawley 27733 Telegrams: Silentbioc Crawley 

Andre Rubber Co. Ltd., is another Silentbloc Company. Silentbloc products are also manufactured by Silentbloc (Australia) Pty. Ltd , Melbourne 

8,,adway SillS 
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ADVERTISER'S ANNOUNCEMENT 

THIN-FILM CIRCUITS 
TO INDIVIDUAL 
SPECIFICATIONS 

Ahdlard announce manufacturing  service 
industly 

The wide interest in thin-film microcircuit techniques has 

encouraged Mullard to set up a special manufacturing service 
to produce 'tailor-made' thin-film circuits to customers' 
specifications. This service will enable designers of computer, 

communications, and industrial equipment to obtain the benefits 

of integrated components using the thin-film technique—in 
particular, high reliability, small size, and low cost—without 

having to design around existing microcircuits. 

As part of this manufacturing service, a booklet is now available 

outlining the advantages and versatility of the thin-film technique, 

and providing information to enable the systems engineer to 
design his circuit to take full advantage of the capabilities 
of the technique. 

Microcircuits can be used with advantage not only in applica-
tions where space and weight are at a premium, such as military 
and aviation applications, but can also make considerable 

savings when used in conventional applications. A reduction in 
size of 50 to 100 times can be made in comparison with the 
conventional miniature form, enabling a reduction in cost to be 
made in housing, ventilation, and other ancillary services. The 

high reliability of the microcircuit is inherent in the technique of 

using deposited thin films, and the cost at present is comparable 
with that of the conventional miniature form. As production 

increases, however, it is expected that equipment manufactured 
from microcircuits will be comparable in cost with that 

manufactured by any production method. 

In a microcircuit, resistors and capacitors and their inter-

connections are deposited as a continuous thin film on a glass 
substrate. Transistors and diodes are fitted to the substrate and 
the lead-out wires soldered into the circuit. 

The range of resistors generally required is from 10r2 to 50kû, 
but the technique can be used to produce higher values. The 
tolerance of individual resistors on the same substrate is only 

2 °,,; and advantage can be taken of this in the design of many 

circuits. The range of capacitors generally required is from 10 to 
5000pF, although other values outside this range can be easily 
produced. 

Individual microcircuits that have been designed and manu-

factured include logic gates, shift registers, high speed counting 
circuits, 65Mc/s video amplifiers, and crystal-controlled 
oscillators. It is from the experience gained in producing these 

circuits and complete systems such as the integrator illustrated, 

that Mullard can offer the fullest assistance to designers wishing 
to exploit the thin-film technique in their equipment. 

For a copy of the Mullard booklet Thin-film Circuits' and for 
further details of the manufacturing service, use the reader reply 
card of this journal. (See reference number opposite). 

Thin-film digital integrator containing 3438 transistors, diodes, 
resistors, and capacitors in 17M 3—specially developed by Mullard 
for R.A.E., Farnborough. 

What's new from Mullard. 
4 Industrial Electronics July 1963 



MORE COMPACT 

VACUUM PUMP 

CONTROL UNIT 

A considerable number of im-
provements have been incor-
porated in the restyled WPS-1 
Penning pump control unit as a 
result of the wide experience 
gained in the use of ultra-high 
vacuum devices. 

The new unit is only half the size 
and half the weight of the 
original, and the chassis layout 
has been completely redesigned 
The new arrangement of controls 
makes the unit ideal for both 
bench and rack mounting. 

Measurement of pressure 

Pressures in the range 2 x 10.2 to 
10-8 torr are indicated by a 
direct-reading meter. A single 
logarithmic scale covers the whole 
range, but the meter can also be 
switched to expanded scales 
covering the range in single 
decades. This makes the unit 

particularly useful as a leak 
detector. Provision is also made 
for the connection of a line 
recorder if continuous monitoring 
is required. 

Compatible range 

A typical pumping system would 
consist of the sorption priming 
pump VAP-10, Penning pump 
VPP-5 controlled by the WPS-1, 
and the ionisation gauge 10G-12 
controlled by the WPS-3. These 
units are structurally compatible 
so that a compact and com-
prehensive system may be formed. 

NEW 

100A AND 150A 

RECTIFIER STACKS 

Four bridge rectifier stacks have 
been added to the Mullard range. 
Two units are for 100A single-
phase operation, and two for 150A 
three-phase operation. 

With these additional types, 
Mullard now have a range of 
fifteen rugged and reliable bridge 
rectifier stacks, with power ratings 
from 2.5 to 57kW. 

New 
Instrument 

Tube 
Cuts Oscilloscope Design 

Complexities 

The introduction of a Sin high-
performance split-beam oscillo-
scope tube enables the oscillo-
scope designer to make sub-
stantial savings in size, cost and 
power consumption. 

This tube, the E13-10GH, uses a 
new beam splitting system that 

Complementary 

P-N-P and N-P-N 

Transistors 

Simplify Circuit Design 

The introduction of two pairs of 
complementary p-n-p and n-p-n 
germanium alloy-junction switch-
ing transistors will simplify the 
design of many circuits. In 
particular, only one supply 
voltage is required. The two pairs 
introduced are the ASY26 and 
ASY28, with a typical gain of 50, 
and the high-gain types ASY27 
and ASY29, with a typical gain of 
100. The transistors use the TO-5 
encapsulation. A leaflet giving 
details of circuits employing 
complementary techniques is 
available. 

These transistors can be supplied 
to J.E.D.E.C. registration, types 
2N1302 to 2N1309 inclusive. The 
GET880 series of germanium 
alloy-junction transistors featur-
ing isolated TO-5 cans is also 
available for linear and r.f. 
amplifier applications. 

enables a dual trace to be 
produced without the disadvan-
tages inherent in conventional 
systems. The new system over-
comes the problems of asym-
metric deflection and d c. drift by 
splitting the beam with the 
accelerating anode preceding the 
deflection system. This anode 
contains two apertures which are 
accurately aligned with the two 
deflection centres. Precision as-
sembly enables the deflection 
centres to be only 2mm apart so 
that both electron beams are 
virtually axial. 

TRIGGER TUBE CAN OPERATE ON 

HALF- WAVE RECTIFIED MAINS SUPPLY 

A cold cathode trigger tube is 
now available which has an even 
better performance than the 
highly successful Z803U, accepted 
for many years as the best avail-
able trigger tube for use in timing 
and relay control applications. 
This new tube, the Z806W, can be 
operated at a higher anode 
supply voltage enabling it to be 
used directly from a half-wave 
rectified mains supply. 

Other improved characteristics 
are the tighter tolerance and 
greater stability on the trigger 
ignition voltage—the stability on 
the trigger ignition voltage over 
the life span being better than 
1.5V (approximately 1%). This 
and the other improved character-
istics enable simpler and more 
stable circuits to be designed 
around this tube. The trigger 

recovery characteristic has also 
been improved, providing reduced 
backlash in dynamic control 
circuits. 

PRECISION 

STEPPING CONTROL 

A new approach to stepping 
control in a wide variety of 
applications is now possible with 
the introduction of Mullard 
stepping motors. The applications 
of the motors include pulse 
counting, programme switches, 
positioning applications, and vari-
able drives for recording 
instruments. 

Three types of motor are available 
at present, producing torques of 
35, 100, and 300 g.cm. The maxi-
mum number of steps per second 
varies from 150 to 350. A range 
of complementary gear boxes is 
also available with gear ratios 
between 25:6 and 260000:1. 

Mullard stepping motors have a 
permanent magnet rotor with 
twelve pole-pairs, and two centre-
tapped stator windings. The step 
rotation is produced by alter-
nately reversing the field pro-
duced by each stator winding, the 
direction of rotation being deter-
mined by the switching sequence. 
An electronic switch can be 
supplied to drive the motor from 
a pulse train. Step rotations of 
7- 30' ( that is, 48 steps per 
revolution) and 3 45' can be 
obta ned. 

Reader Enquiry Service 

Further details of' the Millard 
products described in this ad-
vertisement can be obtained 
thmugh the Reader Enquiry 
Service e Industrial Electronics 
using the appropriate code 
number shown below. 

Thin-film circuits   206 
Vacuum pump 
control unit  207 
Instrument tube 
L13-10GH 208 
Precision stepping 
motors  209 

Trigger tube Z806W   210 
Complementary 
transistors   211 

Rectifier stacks   212 

Mullard Limited, Mullard House, Torrington Place, London, W.C.I. Telephone: LANgham 6633 

industrial Electronics July 1963 
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Whatever your 
TRANSFORMER probl 

... OUR CATALOGUE WILL HOLD 
ITS SOLUTION! 

Remember— our vast range 
of Transformers is available 
for delivery from stock and 
is backed by our 'By return 

Service' 

are 
LONDON W.I ›NGLAND 

Telephone: EUSton 7232 (8 lines) 
TELEGRAMS: RA_DOSPERES, WESDO, LONDON 

IMO 

e 
CA BLES: RADOSPERES, LONDON, W.1. 
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The Audio Signal Generator in use at Erg 
Industrial Corporation Ltd., as a high stability 
frequency source for tuning precision filters. 

Close-up view of the open frequency scale. 

WAYNE KERR A.S. SIGNAL GENERATOR 
104. — 120Koe 

10-120,000 c/s with stability! 
S121 HAS PRECISE FREQUENCY AND AMPLITUDE CONTROLS 

FREQUENCY SELECTION 

Audio Signal Generator S121 has a unique 
dial display, enabling any frequency from 
10 c/s to 120 kcis to be selected rapidly and 
simply without the use of scale multiplying 
factors. Three separate frequency controls 
provide vernier adjustment, discrete steps or 
range switching by a factor of ten. This 
arrangement gives an eftective scale length 
of 13 feet. Thus the instrument is at once 
suitable for detailed investigations of filter 
characteristics, rapid checks on frequency 
response over any selected band and overall 
performance measurements on wide-band 
audio systems. The extended frequency range 
is of particular value where negative feed-
back amplifiers are involved. 

ACCURACY AND STABILITY 

An outstanding feature of the S121 is that 
alteration of the frequency setting does not 
necessitate re-adjustment of the attenuator 
controls. The desired level can be set to an 
accuracy of better than ± 0.5 dB and the 
setting is maintained to within — 0.2 dB 
over the entire frequency range. Long-term 
amplitude stability is of a similar high order. 
The output frequency is accurate to 1 per 
cent and is stable to + 0.1 per cent. The open 
scale enables any frequency setting to be 
repeated with very fine discrimination. 

WIDE RANGE 

The Oscillator incorporates a screened 
attenuator, providing adjustment in 1-dB 
steps from —70 dB to + 10 dB on a re-
ference level of 1 mW in 600 ohms ( i.e. 
from 250 p.V to 2.5 V r.m.s.). The unusually 
wide range of this attenuator, which can be 

switched from an unterminated condition to 
an internal 600-ohm termination, caters for 
all input sensitivities normally associated 
with audio-frequency equipment. To facili-
tate operation of the SI 21 when it is to be 
used as a brklge source, a high-level output 
is provided, giving continuous control from 
0 to 30 volts (output impedance varies from 
1012 to 3ki2). The 600-ohm and high-level 
outputs are both available over the full 
range of 10 cis to 120 kcjs. 

LOW DISTORTION 

Negative feedback applied over the oscil-
lator-amplifier combination ensures that 
the waveform generated is of extreme purity. 
The total harmonic content is less than 
0.2 per cent over the major part of the 
range; hum and noise are negligible. Since 
no frequency mixing or beating is employed 
the instrument does not suffer from any of 
the disadvantages often associated with 
such techniques. 

CIRCUIT FEATURES 

Overall feedback is employed from an 
amplifier and applied, through a Wien 
Bridge circuit, to grid and cathode re-
spectively of the first amplifying stage. 
Feedback to the grid, which is taken from 
the C-R side of the bridge, is effectively 
positive and establishes the frequency of 
oscillation. Feedback to the cathode, via 
the thermistor, is effectively negative and 
serves the dual purpose of maintaining a 
stable amplitude of oscillation and reducing 
the level of all harmonics. Separate attenu-
ators are fitted for the high-level and 600-
ohm outputs. 

FEEDBACK 

+ ve 
FEED-
BACK 

WIEN BRIDGE 

—ve 
FEED-
BACK 

AMPLIFIER 

0-30v 

ATTENUATOR 
o 

OUTPUTS 

6000 

ATTENUATOR r-o 

Industrial Electronics July 1963 

BALANCED OUTPUT 

A transformer, type T121, is available as an 
ancillary item, converting the 600-ohm 
unbalanced output from the Oscillator to 
600-ohm and 1 50-ohm balanced outputs, 
both centre-tapped to ground. The trans-
former, which is fully screened electro-
statically and magnetically, makes the SI21 
immediately suitable for tests on lines or 
equipment with balanced input circuits. 

APPLICATIONS 

The S121 is in widespread use where an a.f. 
source of the utmost reliability is needed. 
With Waveform Analyser A32I it forms an 
accurate and versatile arrangement for the 
measurement of distortion. The same two 
instruments are also ideal for use as a 
tuned bridge source and detector. With 
A.F. Voltmeter MI21 and, where necessary, 
me TI 21 Transformer, the Oscillator com-
pletes a high-grade Transmission Measur-
ing Set (TMS). 

For full details on any of the instruments, or 
a demonstration, please write or telephone 
to:— 

WAYNE KERR 
The Wayne Kerr Laboratories 
Limited 
44 Coombe Road, 
New Malden, Surrey, England 
Telephone: Malden 2202 

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

For further information 
circle 215 on Service Card 

The Solartron series of precision eng-
ineered Power Supplies are a range of 

compact and versatile units for use in 
laboratoryor production appl ications. 

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 

± 71% of nominal setting. 

INCREMENTAL VOLTAGE SETTING 
Three decade switches simplify output voltage 

selection and ensure perfect repeatability down 

to 100 mv. Accuracy ± 2% 

TRANSIENT RESPONSE 
Wide band control amplifiers maintain a very 

low effective dynamic output impedance un-

der fast transient loading conditions. 

100% 
Load 

CURRENT 
/. 

VOLTAGE 

Instantaneous 

Load 

Preset Volta 

Conventional 
Power Supply 
Response 
(10 -100psec) 

2hrsec TIME 

Fig.'. 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. 

LORD 
CURRENT 

PMESIT MIT 

OVERLOAD 
CONDITIONS 

PRESET CURRENT unrt 

oo 
OPEN CIRCUIT LOAD (ISIS ANCE 

CLEAN D.C. OUTPUT 
Ripple and noise components on output are 

held to 1 mv PEAK to PEAK. 

FLEXIBILITY 
AS 1164.2 twin power supply may be operat-

e° in SEPARATE, SERIES OR PARALLEL 
modes at the turn of a switch, without sacri-

fice criperformance. 

ISOLATED OUTPUTS 
D.C. outputs are completely isolated and may 

be operated at ± 250 volts with respect to 

chassis. 

VOLTAGE OVERSHOOT 
No significant " over voltage" transient occurs 

on the output during switching of either mains 

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-
ive reverse voltages which might be generated 

by the external load circuit. 

Type 

AS 757.3 

AS 870.3 

AS 164.2 

Voltage Range 

0-50V 

0-30V 

0-30V Twin 

Current Range 

0-1A 

0-3A 

0-1A 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. 

Telephone: Farnborough ( Hants) 3000 

Telex: 8545 Solartron Fnbro 

Cables: Solartron, Farnborough 

MC a. PS 146 
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Processed 
Two Elliott computers—the 503 and the 803. Price range: £20,000 to £200,000. Between them, 

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

ing demand for high speed computers for use in research and development. The 503 has no com-
petitor as a replacement for older, smaller slower installations. And Is low price puts it within reach 

of organisations that now use computing centres. The National- Elliott 803 is the smaller machine, 

from which the 503 has been developed. With over 120 already delivered, the 803 is far and away 

the most successful British computer. The two systems are compatible-- programs written for the 

803 can be used on the 503. Elliott's provide Autocode, ALGOL 60, and over a hundred library 
programs— and an active users' association provides for exchanges of application programs. If 

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

The Elliott 503 100,000 operations per second. 8192 word mag-

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

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

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

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

and output devices include punched card input/output, magnetic 

tape and line printer. Interrupt facilities. 

E ULS.)1T 
computing 
division 

ELLIOTT BROTHERS (LONDON) LIMITED 

ELSTREE WAY BOREFLAMWOOD HERTFORDSHIRE ELSTREE 2040 

e Member of the Mott-Automation Grout) 
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STC at 
BanksIde 
House 

Elf", F7-7 

-Wont 

.4  j I-
-4 4 '44 :4 it 4 

Detail of contra panel hoveono STC Mosaic diagram composed of 1 in. tiles. 

This is the Central Electricity Generating Board's National Control Room, Bankside House, London, aptly described 

as 'The Nerve Centre of the Nation's Power'. From the Switching and Loading Desk, designed and manufactured 
by STC, control engineers keep a constant watch on the Mosaic wall diagrams which give an up-to-the-minute 
picture of Britain's power supplies. 

The Diagram panels are built of one inch square mosaic, plastic tiles. Two networks are displayed on the panel in 
the Control Room photograph, the Diagram on the extreme left being the Line Outage Calculator which depicts 
the 275 kV and 132 kV Systems in diagrammatic form. Its function is to determine the effects of any abnormal 
conditions within the system. The second network is the 132 kV System which is shown by lines and symbols 

engraved on the mosaic tiles. Each of these tiles can be removed easily by hand. Thus, when a line is out of service, 
the engraved tiles can be removed and blank tiles inserted in their places—a facility which illustrates the flexibility 
of STC Mosaic Diagram Panels. 

STC also provide Diagrams for electrical generation, transmission and distribution, hydro-electric projects, gas and water 
supply schemes, tramway control rooms, industrial processing, coal handling plant, vehicle loading systems, water cooling 
systems, catchment area display, printing presses, railway electrification and fire and security schemes. 

6.3115R 

Wrtte. phone or Telex for brochures D RC 8, D RC 18. 0 X 12. 

Standard Telephones and Cables Limited 
INTEGRATED ELECTRONIC SYSTEMS DIVISION 

Burleigh House • Great Cambridge Road • Enfield • M ddlese., 

Telephone ENField 5343 • Telex 21409 
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The first major advance 
in potentiometer design 
for years ... 

After many years of research and development Reliance 

now announce an entirely new concept in the design of 

multi-turn wire wound potentiometers. This, combined 

with new manufacturing techniques provides extremely 

low inertia, low torque, high law accuracy and multiple 

tapping facilities for non linear functions. The unit is 

available in two distinct separate versions: 

1. SERIES SYN 11-00 A Synchro Mounting Unit incor-

porating precious metal winding and precision ball 

races. 

2. SERIES HEL 11-00 A I" diameter Bush Mounting 

version, plain bearing with standard resistance 

windings, still retaining high electrical characteristics. 

* RESISTANCE RANGE: 20 ohms-150 Kiohms. 

* LINEARITY: +0.1% or +0.25% absolute as 

required. 

* TAPPING ACCURACY: ±0.1%. 

* MOMENT OF INERTIA: 0.0004 gm. cm. sec2. 

* STARTING TORQUE: Synchro Mounting Vers-

ion 3 gmicm. or better. 

Bush Mounting Version I oz.in. nominal. 

or Sealed Version 2 oz.in. nominal. 

* ROTATION LIFE: > 1,000,000/360 sweeps. 

* NUMBER OF TURNS: Any number up to 10. 

HEL WOO SERIES 

eRelcon TAKES THE LEAD IN POTENTIOMETERS 
RELIANCE CONTROLS LI MITED, RELCON WORKS, SUTHERLAN D ROAD,WALTHAMSTOW, 

Telephone No. LARkswood 8404/7 • Telegrams: Reltrol, London, E.17 A MEMBER OF THE BOOKER GROUP OF COMPANIES 
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THE MOST ECONOMICALLY PRICED RELAY OF ITS TYPE! 
The Thorn Pygmy Power Relay is designed for use in remotely controlled automation units. It is absolutely invaluable where 
rapid assembly, interchangeability, minimum dimensions, and economy are required. 

*2 pole and 3 pole changeover contacts 

+Plugs into 1.0. and B.11A bases * Trans-

parent cover- keeps out dust and allows 

inspection * Weighs 4/2 oz and projects 

only 2" above base* Mechanical life of 

over 10,000,000 operations. 

THE THORN PYGMY POWER RELAY 

TECHNICAL DATA 

Switching Current: 2 pole 5 amps maximum at 250 volts 
AC, 3 pole 2 amps maximum at 250 volts AC. 

Maximum Surge Current: 2 pole 10 amps, 3 pole 5 amps 

Operate Time: 8 milliseconds approx. 

Release Time: 6 milliseconds approx. 

Overall Dimensions: 1.38- square by 2.54" 

Coil Voltage: 240 volts DC. Also available for 6, 12, 
24, 48, 60, 110 volts either AC or DC 

THORN ELECTRICAL INDUSTRIES LTD., gc-ECIAL PRODUCTS DIVISION. GREAT CAMBRIDGE ROAD ENFIELD. MIDDLESEX. TELEPHONE ENFIELD 5353 
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one resisto 
meets al 

1 

nge 
our needs 

Electrosil Metal Oxide Film Resistors have a resistance track 

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

impervious.This gives resistors which have much greaterstability 

than others both on the shelf and in the circuit. 

SEMI-PRECISION SIZE GENERAL PURPOSE 1 

N55 1% I/10W lie x 3/32" C-07 2% 5% 1W 

NJ60 I% 1W 3w x 5/32" CJ20 2% 5% Wi 

NJ65 I% 1W 9/16" x 13/64" CJ32 2% 5% IW 

RESISTANCE RANGES HAVE NOW BEEN EXTENDED. WRITE TODAY FOR FULL DETAILS 

Electrosil 
LIMITED 

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

TELEPHONE: COLNBROOK 2196, 2996. 
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MINIATURISATION 
BY IA FACTOR OF TEN! 

TYPE M L 30 T̀IV:JE1-3rUALLAAR 
New methods of metallising, winding and processing ultra-thin 

dielectric material have enabled Hunts to develop these 

revolutionary metal cased tubulars. (Illustrations are actual size) 

TEMPERATURE CHARACTERISTICS 
CAPACITANCE v TEMPERATURE (1Kcs) 

106 

104 

103 

102 

101 
-40 -30-20 -10 0 

99 

9/I 

97  

96  

95   

94-

93  

92 

91 

90 

10 20 30 40 SO 60 70 SO 90 100 I 0 

4 

TEMPERATURE( *C 

STANDARD RANGE 

0.5 tiF to 10 ttF 

WORKING VOLTS 

63 y D.C. 

TEST VOLTS 

1+ times Wkg. Volts 

DIMENSIONS 

X 71- inches to 

1+4 x -n inches 

ABRIDGED SPECIFICATION 

Temperature Rating 
- 55°C to • 70'C. max. 
Insulation Resistance 

Greater than 50,000 ohrn-
farads measured at the 
working voltage at 

20*C. • 5'C. 
Humidity Classification 
H6 (To Specn. DEF 50111 

POWER FACTOR y,TEMPERATURE (1Kcs) 

243 

I 9 

1 II 

I 7 

I 6 

I'S 

14 

--i 

1 3 

I 
e -a- 

2 

0 .,-). 
1.1 

.4 ..- 
I.0 
0 

œ 
m 
SI 

9 

0 II 

o.0 7 

0 6 

0.5 ____ 

--10 .../'..‘......./ 

0.2 

i 
-S0-40-30-20 -10 0 10 20 30 40 SO 60 70 SO 90 100 
—t • 

i 
TEMPERATURE ( «C ) 

INSULATION RESISTANCE y TEMPERATURE 
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2 3 4 5 6 7 6910 20 30 40 60 110100 200 

1. OF I.R. AT 20 C. 

Detailed information freely available from 

A. H. HUNT ( Capacitors) LIMITED 
WANDSWORTH • LONDON SW18 • VANdyke 6454 

Factories also in Surrey, Sussex and North Wales 
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I Al If OE'S 

You must have a copy of lmhofs new 48 
page instrument case catalogue. Lavishly 
illustrated in full colour to bring you true to life 
illustrations and details of over one hundred 
standard instrument cases together with the 
widest range of accessories. With lmhofs 
catalogue you will see numberless chances 
of saving time, money and labour in design, 
planning and production . . . chances of im-
proving your product . . . and chances of 
cutting your costsl 

send for 
your free 

copy now 

ALFRED IMHOF LIMITED 

IMHOF AGENTS OVERSEAS 

ALGERIA E.G.E.E. 19c. 
AUSTRALIA Aladdin Industries Pty.. 
Ltd., Stanmore, N.S.W. 
BELGIUM Rogelec. Ghent. 
DENMARK Tage Schouboe 
Copenhagen N. 
FINLAND Teratron Company 
Helsinki—Helsingfors. 

FRANCE E.G.E.E. PARIS 19e. 

GERMANY Elek GmbH.. Dusseldorf 

HOLLAND J. Th. van Reysen, Delft. 

ITALY Stuart Culley. Milan. 

MOROCCO E.G.E.E. Paris 19e. 

NEW ZEALAND lmarex ( 1960) Ltd., 
Auckland. 

Dept. IE 7, Ashley Works, 

Cowley Mill Road, Uxbridge, Middlesex. 

Telephone: Uxbridge 37123. Telex: 24177. 

Telegrams: I mcase-Ux bridg e-Telex. 

NICARAGUA Talleres Metalurgicos 
de Nicaragua, Managua. 

NORWAY Birger Christensen Oslo. 

PORTUGAL Projectos e Construcoes, 
Li sbon. 

SOUTH AFRICA Switchcraft Pty., 
Ltd., Johannesburg. 

SWEDEN Elektronlund AB.. Malmo, I. 

SINGAPORE AND MALAYA 
Diethelm & Co. Ltd., Singapore, I. 

SWITZERLAND Walter Blum, 
Zurich 10/37. 

THAILAND 
Diethelm & Co. Ltd., Bangkok. 

TUNISIA E.G.E.E. Paris 19e. 

U.S.A. Bud Radio Inc. Cleveland 3. 
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THREE COLOUR INDICATOR 

These red-amber-green indicators contain 3 lamps which glow individually via coloured 
filters through a common lens. The lamps are Atlas Midget Panel Lamps operating at 6, 
12 and 28 volts. This indicator has very compact dimensions and can be installed into a 
single panel hole with fixing ring and lock nut. Exceptionally reliable, these indicators are in-
valuable for many signalling applications. Supplied complete with three S6/8 cap filament 
lamps. Overall dimensions (including earth tag) 2.230" x .812" dia. 

SUB-MINIATURE LAMP AND HOLDER 

A sub-miniature lampholder that allows easy lamp replacement from the front: a lamp that 
combines an output of about 1 lumen at the maximum rated voltage of 6v. Together they 
represent an outstanding design achievement. Life expectancy of the lamp is 10,000 hours 
at 6v, when derated to 5v the average should be in excess of 60,000 hours. The lampholder 
conforms with R.C.S. 11 in respect of damp heat and tropical exposure tests ( H.1.). Tem-

perature range of — 40°C to + 70°C (operating). One hole fixing is by a speed nut (supplied). 
Lenses, meeting B.S. 1376 are in red, green, amber and blue. Clear also available. Overall 

dimensions (including tags) .900" x .394" dia. 

PRESS-TO-TEST SWITCHES 

Three or five-terminal versions available; the latter providing 34 circuit variations. Solder tag 

or screw terminals to choice. All bases will take dimmer, flat top indicator or indicator caps; 
full range of colours available. The switches are vibration-proof and maintain predetermined 

contact pressures. 

MULTI-SOCKET INDICATORS 

Ideal for use in computors and illuminated read-out devices. Produced in strips of twelve 
sockets with f" or 1" centres. An easy-mount' single socket, similar to the indicator strip is 

also available and can be used separately or in conjunction with multi- socket strips. Lamps 
are available for 6, 12 or 28 volts, 35-45mA, with a burning life of 3,000-5,000 hours. Plastic 
nylon caps are obtainable in white, red, yellow and green; they fit directly over the lamp and 

eliminate the need for prismatic jewels. 

o 

THORN ELECTRICAL INDUSTRIES LIMITED, SPECIAL PRODUCTS DIVISION, GREAT CAMBRIDGE ROAD, ENFIELD, MIDDLESEX. TEL: ENFIELD 5353 
DTVi 
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SILICON 
AVALANCHE 
RECTIFIERS 
now in production 
The ability to absorb reverse voltage transients is the 
feature of the new RAS300 series of Silicon Avalanche 
Rectifiers, the first available on the UK market. The recti-
fiers have a nominal rating of 1 ampere but they can 
dissipate reverse transient energy at a rate of 4 kilowatts 
without damage. 

This development represents a giant stride forward, since 
it overcomes the major disadvantage inherent in all silicon 
rectifiers— extreme sensitivity to over voltage transients. 
Until now, circuit designers have had to tackle this problem 
by using either capacitative/resistive networks or selenium 
rectifiers to absorb surges, whilst the device manufacturers 
have endeavoured to increase the transient voltage rating 
of the device by increasing the turnover voltage of the 
junction. 

î 

Achial size 

Most rectifier applications require units capable of with-
standing transients in excess of 1 000 volts. Since the 
energy content of these transients is often unknown, 
users adopt surge diverter methods to protect the rectifier. 
However, RAS300 rectifiers have at least fifty times the 
surge absorption capability of conventional types, which 
makes added protection unnecessary. The avalanche 
property of the new rectifiers has a voltage limiting effect 
and, consequently, these rectifiers can be more efficient 
than conventional devices when operated in series. Voltage 
sharing resistors are no longer required and, in many 
applications, equalizing capacitors can be reduced or 
dispensed with, simplifying high voltage stack construction. 
Development is continuing to extend the avalanche 

properties to other STC silicon rectifiers. A higher forward 
current unit, the RAS500, will be available shortly to bring 
these advances into the medium power field. 

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

NEW SILICON 
EPITAXIAL 
PLANAR DIODES 

FOR FAST SWITCHING 

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. 

III LOW COST 

• HIGH SPEED 

III HIGH FORWARD CONDUCTANCE 

• LOW REVERSE LEAKAGE CURRENT 

• PLANAR EPITAXIAL CONSTRUCTION 

II RUGGED DESIGN 

• DO-7 OUTLINE 

CHARACTERISTICS (AT 25 C) 

R (Max) at — 10V 100nA 

V, (Max) at 30mA 1.0V 

*t (Max) to 1mA 5.0ns 
rd. 

*OF — 10mA, V, =-" —10 V, RL = 100 0) 

MAX. RATINGS 

VR (mean, peak or transient) 

V, (mean, peak or transient) 

IF (mean) 

(peak) I F 

Ptoi 
(operating) 

Actual Size ' 

15V (BAY 31) 

30V (BAY 36) 

100mA 

200mA 

200mW 

100°C 

DIMENSIONS: 

STC 

1 in. 0.3 in. 

26,4 mIll J min."h7,62 mm 

0.020 in. 

0,51 min 

DIA. 

0.107 in. 

2,72 mm 
} max. 

Write, 'phone or Telex for advance Data Sheet to STC Tran-
sistor Division, Footscray, Sidcup, Kent. Telephone FOOtscray 
3333. Telex 21836. 
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MINIATURE SILVERED 
MICA CAPACITORS 
MODULAR DESIGN 

Two new series of STC moulded mica capacitors are now 
available. Designed for modular circuitry, they have at least 
one major dimension standard throughout the range. 
Range 454-LWA-71 to 77, shown above, covers from 4 pF 

to 40 000 pF (at 125V d.c.) in seven mould sizes of constant 

length 0.49 in. ( 12,5 mm). 
In common with the other STC moulded mica series 

these are high stability capacitors designed to conform to 
DEF5132. They meet the requirements of humidity classi-
fication H6 in the temperature range 55 C to 100 C and 
have a temperature coefficient between 20 to 50 pp m C. 
The other modular series-454-LWA-66 to 68—covers 

from 1 000 pF to 15 000 pF (at 350V d.c.) in three mould sizes 
which vary in thickness only. They have a standard height of 
0-49 in. ( 12,5 mm) and a constant length of 0.69 in. ( 17,5 mm). 
Other working voltages are available. 

STANDARD DESIGN 

The standard range covers from 4 pF to 100 000 pF at 
350V and is produced with both a resin dipped and a resin 
moulded finish. Also available for 125V and 750V wkg. The 
range has been extended to include the new subminiature 

size shown above. 

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

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 S0.32A 
and are flexible lead versions of VASCA outline 
S0.13. JEDEC DO-5 and IEC 1-104. 

Y428 UNE. 
0687m 
1,745 cm. 

6.5 in.(riominal) 

16,5 cm. 

RS600 MAXIMUM RATINGS 

(125 C stud temperature) 

Average forward current 

Surge current (5 milliseconds) 

Crest working reverse voltage 

Non-repetitive peak reverse voltage (one 

25A 

500A 

up to 600V 

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 

Forward voltage drop at 25 A d.c. 

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

1.5 nnA 

1.1 V 

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

POWER TRIODES for industrial RF heating 

The design of these valves continues the STC philosophy 

of low mu, high mutual conductance valves for r.f. heating 

oscillators. This yields high circuit efficiency, low drive 

requirements and a large safety factor on grid dissipation. 

This last feature is especially important since circuit design 

does not always afford complete compensation for change 

in load impedance with corresponding change in grid drive. 

A choice of anode cooling techniques is available for all 

types— forced air (J codes), water with integral coiled 

water jacket (R codes) or vapour (Z codes). 

2 

5 6 

Also, a choice of metal/glass or metal/ceramic envelope 

construction is available for all types. The use of ceramic 

('C' codes) permits a considerable increase in maximum 

operating frequency. 

Water cooled valves are to be made available with a 

choice of connexion of water pipes above or below the 

valve mounting flange. The former is usually essential when 

the valve is mounted in a tuned cavity but, for lower 

frequency induction heating sets, connexion from the 

underside is often more convenient. 

3 

7 

4 

ABRIDGED DATA 

Typical Output kW 

t max Mc s 

Tm 

V, kV 

Pa max kW 

Cooling 
Illustration 

31 187E 3R 187E 310 187E 31 203E 3R 203E 31C 203E 31 223E 30 223E 31C 223E 

5 5 5 12 12 12 23 25 25 

120 120 220 50 50 220 30 30 100 

12 12 12 12 12 12 12 12 12 

22 22 22 32 32 32 32 32 32 

5 5 5 6 6 6 6 6 6 

3 3 3 6 6 6 10 12 10 

Forced Air Water Forced Air Forced Air Water Forced Air Forced Air Water Forced Air 
2 7 1 5 6 

30E 223E 

25 

100 

12 

32 

6 

12 

Water 

32E 223E 

25 

100 

12 

32 

6 

12 

Vapour 

30 262E 

40 

30 

12 

60 

6 

24 

Water 

306/262E 

40 

80 

12 

60 

6 

24 

31C 262E 

40 

80 

12 

60 

6 

24 

Water Vapour 
4 3 

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

Standard Telephones and Cables Limited 
COMPONENTS GROUP • FOOTSCRAY • SIDCUP • KENT 
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UNCOMMON MARKET... 
00" 

_ 

DELANO° Organisation's 
Technical Know-How masters 
the intricate and unusual in 
component manufacture 

Anything uncommon in the way of design calling for 
the ultimate in tool design skills, is a natural for the 
Delanco Company. We specialize in the manufacture 
of components in all types of electrical insulation 
materials. 

Vulcanized Fibre, S.R.B.P. and S.R.B.F. Epoxy glass 
fibre, Nylon. P.T.F.E., Presspahn, Leatheroid, Var-
nished cambric and in fact every material used in 
electrical Insulation. For heat resistance and insu-
lation Mica and Micanite. 
Processes include presswork, forming, routing. 
moulding, turning, milling and machining. 

Our customers includ.-; Manufacturers of Domestic 
and Electrical equipment, Instruments, Motor cars, 
Aircraft, ships, printing and business machinery, 
Computors, electric motors dynamos and starters. 
Copper-clad laminates for printed circuitry are 
s;rli(l as panels ready for printing. 

Technical representatives are based throughout the 
country, and are available at any time to call and 
discuss your needs. 

Technical catalogues are available and will be sent 
immediately on request. 

Delaneo 
INSULATION MATERIALS AND COMPONENTS 

ANGLO-AMERICAN VULCANISED FIBRE CO. LTD • Cayton Works • Bath Street London E.C.1 

Phone, CLE 8484 • Grams: PROMPSERV. LONDON ' Delano° Works • Leonard Street • London • E.C.2 
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INDUSTRIAL ELECTRONICS READER ENQUIRY SERVICE 
Let the 
INDUSTRIAL 
ELECTRONICS 

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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PLEASE USE BLOCK CAPITALS 

Postage ill 

be paid by 

Associated 
Iliffe Press 

BUSINESS REPLY CARD 

Licence No. SE 591 

" INDUSTRIAL ELECTRONICS", 
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If it calls for transient storage 

then it calls for ( AwK[11. 

/aviKui./ 

REMSCOPE 741 
with plug-in amplifiers 

The most flexible instrument of its kind cosfing no 
more than a good ordinary oscilloscope. Unique 
events or high-speed transients can be stored for up 
to a week, with 5 to 10 minutes display whenever 
desired. Choice of single-beam, double-beam, or 
multi-trace display by means of interchangeable 

plug-in amplifiers.-

2- CHANNEL 

BEAM SWITCH 

AMPLIFIER 

TYPE 741/2 

Allows 2 simul-

taneous phenomena 

to be displayed for 

comparison. 

Direct coupled. 

Differential input 

Price: £ 120 

TRACE SHIFTER 

AMPLIFIER 

TYPE 741/1 

For easy comparison 

of sequential 

signals 2, 4, or 8 

steps. Min. interval 

between steps Srls. 

Price:£75 

Y AMPLIFIER 

TYPE 741/3 

For normal single-

beam display. 

Band-widei 1.5 

Mcis which is 

consistent with 

writing speed 

Price: E 38 

- leaders in storage instrumentation! 
When Cawkell produced the storage channels used for 
the ' ZETA' expe-iments at Harwell they became the first 
company to malufacture storage oscilloscopes in the 
United Kingdom. As leaders in the field, Cawkell are in 
a unique position to advise on problems involving the 
capture and retention of high-speed phenomena. In the 
photograph below, the Cawkell Remscope 741 is being 
used to record the angular acceleration of a diesel ergine 
by an electric motor under arctic conditions. This 
information can be stored for up to a week for detailed 
study whenever required. 

Basic price (without amplifiers) 

£612 

CAWKELL RESEARCH d ELECTRONICS LTD. WESTERN AVE • ACTON • LONDON W.3 ACORN 6751 • A MEMBER OF THE Sisri ) GROUP OF COMPANIES 
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Cheapest way to chop 
DC to AC— with an AEI Synchronous Chopper. It fits a standard B9A 9- pin thermionic valve holder, is 
suitable for feeding both high resistance and transformer-coupled low impedance circuits, its low noise level allows 
a 1 microvolt signal to be detected. Typical applications are: recording thermo-couple and ionisation chamber outputs; 
drift correction in analogue computer amplifiers; general instrumentation. Stability is high, operational life is long. 
Available in two models: CK3 for 50 c/s; CK4 for 100 c/s. 

CK3 & CK4 SYNCHRONOUS CHOPPER 

WRITE FOR DETAILS AND TECHNICAL DATA TO: AEI INSTRUMENTATION DIVISION, INSTRUMENT AND METER DEPARTMENT, TRAFFORD PARK, MANCHESTER 17 

CAE ID Associated Electrical Industries Limited 
Instrumentation Division 

M30,1 
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Comment 

The importance of training and teaching in a technical industry like ours is now 
widely recognized. A great deal of work is being done on mechanical aids to 
the teaching/learning process, and in this issue we include an article which 
describes some of these modern training aids. Most of them do not in any 
way depend on electronics for their operation, but they all have application 
in the electronics industry in the teaching of electronics and its associated 
skills. 
A feature of many aids is the provision of tests for the student so that he 

may check his progress and make sure that he has understood the lesson. 
There is no limit to the complexity of the questions which the machine can ask, 
but it is very necessary that the student's answers should be simple. The 
student can really only select his answer from a number of standard replies 
built into the machine, such as 'Yes, No, Right, Wrong'. 
Some consider that the type of test in which the student is asked to say which 

of half-a-dozen statements is right is inherently a poor one. We agree that it is 
likely to be so if the student is presented with the statements all together, for 
it can happen that he knows the ones which are wrong without knowing the 
one which is right. It is easy to overcome this, however, by presenting the 
statements one at a time in sequence and requiring the student to say of each 
one whether it is right or wrong. In a batch of statements, too, there should 
be more than one that is right. 

It seems to us that these training aids do meet a definite need and we think 
that as time goes on a lot more will be heard of them. We think it important, 
however, that too much stress should not be placed upon the machine itself. 
However good the machine may be it will not have the desired effect if its 
programme of instruction is ill conceived. In the end, all depends on a good 
programme. 
One of the oldest training aids in the world is a book. We all know that 

two books may cover precisely the same ground but one may be easy and the 
other difficult because one is well and the other badly written. Just as the 
value of a book depends on the goodness of the writing, so the utility of a 
training aid depends on its programme. 

Radio Astronomy 

We talked last month about research 
and said that team work is now usually 
necessary. A good example came to 
our notice shortly after. Not so many 
years ago radio astronomy was for the 
individual, now it involves the Ministry 
of Public Works and Buildings to erect 
a telescope and the University of 
Cambridge to operate the equipment 
and carry out the research. 
The cost of the new telescope is 

£450,000 and it is being erected at the 
Mullard Radio Astronomy Observa-
tory near Cambridge. It has been 
designed by Professor Ryle and his 
colleagues at Cambridge University, 
and the cost is being defrayed out of a 
grant of £542,000 from the Department 
of Scientific and Industrial Research. 

There are three aerials each compris-
ing a 60-ft paraboloid the contour of 
which is maintained accurately within 

in. The dishes have two motions so 
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COMMENT (Continued) that they can be trained on any part of the 
sky; the main motion is about an axis 
parallel to that of the earth so that the earth's 
movement can be simply counteracted. All 
three dishes are mounted in the same straight 
line. Two are fixed half a mile apart, the 
third runs on a half-mile railway track of 
44-ft gauge. The tolerances on this track are 

in. vertically and 4 in. horizontally in 
half a mile! Each aerial weighs 118 tons. 
The telescope is expected to have a resolu-

tion of 11 minutes of arc which is equivalent 
to a 5,000-ft aperture aerial. Such an aerial 
would be quite impracticable for it would 
cost something like £400M. The use of 
three aerials and a scanning technique makes 
the equipment a practical proposition but it 
makes it necessary to process the signals in a 
computer to extract from them the required 
information. This is, of course, also neces-
sary with the existing smaller telescopes 
installed at this site. 
The construction of the telescope has 

involved major problems of civil and 
mechanical engineering because of the extra-
ordinarily fine tolerances on everything. 
Little information about the electronic side 
of the installation has so far been made 
available. In spite of 60-ft dishes, the 
signals produce only about 0.001 µV and 
Mullard are developing a parametric ampli-
fier with a gain of 20 dB and a noise factor 
of only 1 dB. 
The interest of the new telescope, which is 

unlikely to become operational for about a 
year, is at this stage in the combination of 
civil, mechanical and electronic engineering 
all pressed to the utmost to achieve some-
thing that has never been done before. 

But why is it being done at all? The main 
reason is, of course, the pursuit of new 
knowledge about the universe and this is 
truly fundamental research. Naturally it 
will also afford training in research methods. 

Colour Television Demonstrations 
Since 16th April the field trials of 625-line 

television on u.h.f. organized by the B.B.C., 
the Post Office, the I.T.A. and the 
Radio Industry, have included colour trans-
missions on the Secam system, for com-
parison with the N.T.S.C. system on which 
transmissions have been made since last 
November. At present transmissions on the 
two systems are made simultaneously on 
Channels 34 and 44; towards the end of 
June comparative tests will also be made with 
the P.A.L. system. 

During the period 8th to 16th July a series 
of demonstrations of the three colour systems 
is to be given in London to members of the 

European Broadcasting Union and members 
of the 0.I.R.T. (representing the broad-
casting organizations of Eastern Europe). 
The demonstrations will include pictures 
transmitted on each of the three systems and 
received on both colour and monochrome 
sets, and will show how the systems compare 
in performance when operating in the 
presence of various forms of interference and 
distortion. 

It is planned to hold a meeting of the 
E.B.U. later this year to review the results 
of these and other demonstrations, and it is 
hoped that it will then be possible to make a 
recommendation on the choice of system. 

While it has been suggested that further 
tests may delay the introduction of a colour 
television service in the U.K., we think that 
these comparative tests of the three systems 
are necessary and commendable. 

Radio and Electronic Component Show 
We ourselves noticed a much livelier 

atmosphere about this year's Component 
Show and we now learn that it had a record 
attendance. There was a total of 48,902 
visitors of whom 2,600 were from overseas. 
This is a 40% increase on the 1961 exhibition. 
It is estimated that orders and enquiries to the 
value of £ 10M were negotiated. 

It was, perhaps, a model of what an exhibi-
tion should be. In spite of the attendance 
it was never unduly crowded, the exhibits 
were well displayed and, for once, stand 
numbers were evident! 

Printed Wiring and Circuits 
How many people distinguish between 

printed circuits and printed wiring? It 
seems to us that very few do and that most 
people regard the terms as synonymous, but 
usually prefer 'printed circuits'. However, 
the meanings of the terms are not the same. 
With printed wiring only the connections 
between the components are printed. With 
printed circuits one or more of the com-
ponents are printed as well as the wiring: So 
a printed circuit contains printed wiring, but 
printed wiring is not a printed circuit. 

Indium Phosphide 
We are reporting new developments in 

lasers almost every month. This time we 
have to put on record that laser action has 
been obtained with indium phosphide. I.B.M. 
have announced operation of this material 
as an injection laser at 9,030 A. Short pulses 
of coherent light are obtained when the laser 
is cooled to 77 °K. Pulsed action is obtained 
with current densities of 6,000 A/cm2. 
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Counters are now widely used in industry. This article 
explains how they work anti describes some of their less 
obvious applications. 

Industrial Applications 

of Electronic Counters 

By M. W. G. HALL, A.M.Brit.I.R.E. 

E
LECTRON1C measurements may in general be dis-
played in one of two forms, either as an analogue or 
a digital presentation. The most important instru-

ment in the analogue class is now the measuring oscilloscope 
which is to be found in almost every industrial laboratory 
and is often used in the production area for process setting-
up and monitoring. The second class, the digital display 
type of instrument, is now becoming much more common 
and the electronic counter is likely to become a most 
important tool to the industrial engineer. With this instru-
ment any variable which may be expressed as a function 
of frequency or time or as a number of pulses may be 
monitored, recorded and hence controlled. 

Facilities and Operation 

The instrument may vary in the facilities provided and 
thus its price can range from as low as £ 150 or so for the 
simplest low-frequency counter to over £ 1.000 for the most 
sophisticated high speed counter/timer. In general, how-
ever, all possess a layout similar to that shown in Fig. I. 
The input pulses. or the cycles of the frequency being 

FREQUENCY 
AND 

COUNT INPUT 

¡INPUT AMPLIFIER 
AND 

! MAIN GATE 

measured, are applied to a chain of cascaded decade count-
ing units for an accurate period of time determined either 
by external start and stop pulses or derived internally. 
Where the latter is the case, a second chain of decade units 
divides down pulses from a highly stable and accurate 
crystal oscillator. This facility at once enables accurate 
time measurements to be made since these precise timing 
units may themselves be applied to those decade counting 
units which are equipped with the readout devices. To 
realize the full accuracy of the instrument when measuring 
low frequencies it is common to measure the periodic time 
—sometimes, in fact, providing 10. 100 or 1.000 period 
average by dividing down the input frequency in otherwise 
unused decades in the time- base group before application to 
the stop and start gates. 

Usually, both automatic and manual ' reset' and 'count' 
controls are fitted—often with a variable display period 
control. 
The read out devices may take the form either of a 

columnar display of neon tubes or filament lamps illumin-
ating figures a large character in- line readout formed by 

"START" INPUT °- I INPUT 
AMPLIFIER 

"STOP" 
INPUT 

250 kcis I Me is 10 Me 
D.C.U. D.C.U. D.C. 

[1.-MSPLAY AND RESET CIRCUIT 

[-- 

I Mc/s 250kOs 
DECADE DECADE 

I 

CRYSTAL 
OSCILLATOR 
I PiciA 

1---. MULTIPLIER 
x10 

Fig. I. Block ditterran of counter. D.C. U. is an abbreviation for decade counting unit 
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Fig. 2. Circuit of 
bis. table multivibra-
tor which is the basis 
of most counting 
circuits 

0/, 

TR, TR 

fie•  
INPUT 

GATE 

TR TR4 

0/4 

TR TR 

OUTPUT 
o 

TR TR8 

Fig. 3. A decade counting unit can be made from Ji,ur bistabk 
multivibrators like the one in Fig. 3 and a gate 

gas-filled numeral tubes or filament lamp projection units, TABLE 
or perhaps by moving-coil meters (which may in fact also 
provide an in-line readout by a projection mechanism). 
The decade counting units usually consist of bistable multi-
vibrators of the form shown in Fig. 2. 
The multivibrator will be familiar to most engineers but 

a brief explanation may not be out of place. Assuming 
that initially TR, is off and TR, on, then the collector of 
TR, will be near 0 volts. A Positive-going input pulse 
will he directed to the base of this transistor since the drive 
diode D, in the base circuit of TR, is biased off through 12 1, 
the collector of TR, being near the negative supply rail 
voltage. TR, is then cut off and the action transferred to 
TR, which goes hard on, this process being mutually 
accelerative until the other stable condition is reached. 
The condition at the output terminal is thus either zero or 
the negative supply rail voltage. 

Four such units can be connected and with suitable feed-
back it can be arranged that a count of 10 is achieved. 
One such system is shown in Fig. 3. 

In this system the first three flip-flops are cascaded 
in a conventional manner, the final flip-flop being two-line 

A common industrial application of counters is in counting package.% 
on conveyor belts. An Allen West counter can be seen with ii.-
operator at the far end of the belt 
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I. SOME TYPICAL APPLICATIONS AND TYPES 
OF TRANSDUCERS 

Function 

(a) Frequency Meter 
Flow-metering 

Measurement of steel strip 
thickness by the ratio of in-
going and outgoing velocities 

Tachometry, r.p.m. of engines, 
turbines, machinery shafts etc. 

Control of machinery shaft 
speed, hunting etc. 
Weighing 

Length measurement of paper, 
textiles etc. 
Strain gauge measurement etc., 
tensile or compressive stress 
Pressure measurement 

Length measurement, exten-
someter etc. 

Temperature measurement 

Vibration and acceleration 
measurement, shock wave 
detection 
Weighing 

Measurement of linear accel-
eration 

Type of Transducer 

I. Magnetic induction with 
small revolving runner in-
side a tubular element 

2. Coaxial magnetic trans-
ducers (used with toothed 
wheels on extensions to 
deflector roll shafts) 

3. Magnetic pick-up, variable 
reluctance, photo-cells (or 
photo-transistors) 

4. As 3 

5. Digital potentiometer, shaft 
encoder etc. converts angu-
lar rotation to digital form. 

6. Photo cells etc. with slotted 
discs on roller shafts 

7. D.c. signals applied to vol-
tage/frequency converter 

8. Potentiometer pressure 
transducer plus vif con-
verter 

9. Displacement transducer. 
linear potentiometer plus 
converter 

10. Thermocouples plus v/f con-
verter 

11. Piezo-electric or quartz 
accelerometer plus v/f con-
verter 

12. Resistance strain gauge plus 
vif converter 

13. Potentiometric accelero-
meter plus v/f converter 

(b) Counter 
Measurement of integrated 
liquid flow ( fuel consumption 
etc.) 
Item counting, batching etc. 
(proximity and position indi-
cation) 
Measurement and control of 
integrated weight (propor-
tional mixing etc.) 

14. As I 

15. Capacitance transducer 
probes, photo cells etc. 

16. As 5 

(e) Timer 
Measurement of fuel con-
sumption 
Velocity measurement 
Viscosity measurement by 
time taken for an object to fall 
through the liquid 
Control of valves, pumps etc. 

17. Photocells 

18. As 17 
19. As 17 

20. Limit switches etc. 
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Fig. 4. Typical set-up for checking a turbine .flow meter 

COUNTER 

I..- PROVER VOLUME - 

TURBINE 
FLOW METER 

H 

Fig. 5. Measurement of phase angle by time interval 

driven. Thus, on the count of 8 when TR, i„ is switched 
the gate is closed, the next positive-going output from 
TR, / which occurs at a count of 10, being routed directly 
to the 'on' side of TR 7/ s, thus resetting the decade to zero. 
This provides pure binary 1-2-4-8 working. 

It is often desired to record the readings obtained and 
this may be done with a suitable printer actuated at the 
completion of each count. The printer is controlled by the 
condition of the binary circuits in the counting decades 
which is made available at a multi-way connector as a 
convenient d.c. signal. 

Applications 

Table 1 shows some typical applications and the types 
of transducers which may be employed. It will be seen that 
these fall into three categories. 

(a) Frequency Meter 
This covers those uses where the variable to be assessed 

may be expressed as a function of frequency, either by the 
generation of an alternating voltage, or by the variation of 
a signal frequency generated in the ancillary apparatus. 

(b) Counter 
These types cover the straight- forward totalization of 

events and, in some cases, such counters are equipped with 
pre-set facilities, so that at the end of the pre-determined 
number of events an output can be provided to perform 
some control function. 

(c) Timer 
In these applications elapsed time is measured. Here 

again we may either measure the time between two events 
which represents the variable to be monitored or the device 
may on occasion be pre-set so that an accurate time interval 
can be offered for process control. The device thus acts 
as a digital clock. 
Those industries where processes are applied to large 

quantities of raw material with no individual items involved 
have been the first to adopt automation and it is in these 
fields that the electronic counter is now making its impact. 
Examples are clearly chemical processing, steel making, 

textile and paper production. Allied techniques are to be 
seen in those industries where repetitive processes are 
carried out on large quantities of identical individual items ; 
i.e., can and bottle manufacture and the filling of such 
receptacles and other boxes and packages. 

Steel Strip Length Measurement 

The steel industry has applied electronic control and 
monitoring to several processes. Table 1 gives an example 
in the use of a counter to measure the thickness of steel 
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strip from a rolling mill by computing the ratio of input 
and output velocities. Another interesting application is 
the measurement of length in conjunction with the closed-
circuit television equipment which is now in use in many 
such installations. The tv. unit is used to observe the 
steel strip and thus, since in the camera tube the peak-white 
image is scanned linearly, a signal can be derived which is 
a direct measure of length. This is conveniently done by 
placing an optical element in front of the camera tube 
arranged to superimpose a bar pattern on to the photo-
cathode and so modulate the peak-white video signal into 
a train of pulses, the number of pulses being proportional 
to the length of the image and so of the steel strip. To 
accommodate additional length beyond the view of the 
camera larger increments may he pre-set and fed into the 
counter when the end of the steel strip arrives at one of a 
number of stations where a photo-cell is positioned. The 
count of the pulses is then added on to the pre-set quantity. 
The pre-set facility may be obtained by arranging that 

the counter totals up the internal clock pulses until the con-
dition of the counting binaries as evident at the print out 
connector agrees with that desired. Some highly developed 

A Southern Instruments counter is being used here as an aid to 
accurate measurement of amplifier performance 
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An Aimee connter is being used for measuring the time difference 
betn'eell the zero points of two sine-ware signals 

counters may be equipped with more sophisticated forms 
of pre-set facility and indeed a high and low value may be 
selected and the counter arranged so that if the function 
to be counted deviates beyond these values an alarm or 
control signal is produced. The device is thus used as a 
'go—no go' gauge. 

Flow Metering 

Table 1 gives an example of the type of transducer which 
may be used for general applications. One major use of 
flow measurement is to compute the fuel consumption 
of jet aero-engines, etc. TotaIization of the number of 
revolutions of the turbine runner provides a measure of total 
fuel flow and thus the frequency of the output pulses may 
be equated to the rate of fuel flow. A very specialized 
form of electronic counter which may be used in conjunc-
tion with this kind of computation is the Time- Function 
Translator. This instrument may be used to convert one 
function of time into another function of time, for example 
fuel flow may be converted into pounds. gallons, pounds 
per hour, gallons per hour. etc. This operation can he 
performed by the provision of a time base variable in fine 
discrete incremental steps instead of the more usual decade 
steps. The correct factor may thus be applied as shown in 
the following example. 

If the turbine gives 10 pulses per revolution then a gate 
time of 6 sec gives a readout directly in r.p.m. Thus 
if there are X revolutions per gallon, then a gate time of 
6X sec gives a readout directly in gallon/min. 

In some counters of this type a second set of decade 
counting units equipped with readout devices is arranged 
to indicate the selected gate time by counting the appropriate 
number of clock pulses. 
The proving of turbine type flow meters may also be 

carried out as shown in Fig. 4. The total number of output 

Racal SA501 A digital computing counter controller installed in 
test bay at Bristol Siddeley for checking the performance of a jet 
aircraft engine 

pulses is recorded for a period of time determined by the 
displacement of the previously measured prover volume as 
evidenced by the movement of the spherical piston from the 
start detector to that at the stop position. 

Phase Measurements 

There are numerous applications where it is desirable 
to measure the phase difference between two signals. For 
example, in the study' of mechanical systems measurement 
of the phase angle between force and velocity permits the 
use of impedance techniques in the mathematical analysis. 

Again, the measurement of phase angle enables com-
parison to be made of the damping characteristics of similar 
structures. 
The out of phase signals are derived by separate trans-

ducers, e.g. a force transducer and a velocity or displace-
ment transducer. 
Such measurements may be conveniently carried out on 

a general-purpose counter by measuring the time interval 
between two identical points on the waveform as shown in 
Fig. 5. This may be done by applying the reference and 
out of phase signals to the stop and start gates. To render 
the read-out directly in degrees special timing units must 
be provided externally from a suitable oscillator at a fre-
quency 360 times that of the signal frequency. 
A more elegant method provided on specialized counters 

is that shown in Fig. 6. It will be seen that the two signals 
whose phase difference is to be measured are applied to the 
two input circuits. After shaping and level adjustment 

 INPUTpr , miER Feri 

INPUT 
AMPLIFIER 

GATE 

I 

Mg 

GATE 2 

16 Picts TIME-BASE I 
OSCILLATOR GENERATOR 

Fig. 6. Special count itg arrangement for the measurement of 
phase angle 

DCUs 

these two signals operate Gate 1, one signal opening the 
gate to permit a burst of pulses through to the counter, 
the second, determined by the lagging phase terminating 
the burst. The second gate ensures that the read out is 
directly in degrees irrespective of the frequency of the input 
signals. It also determines the discrimination to which the 
angle is read. 

For example, if there are x pulses/cycle for a given phase 
angle at a certain frequency then raising the frequency n 
times will dictate that there will be x 1 n pulses/cycle but 
for the same gate time as before there will be n cycles ; 
i.e., xn In or x pulses again. 

Conclusion 

The preceding discussion touches briefly upon some of 
the more common industrial applications of electronic 
counters. In general the accuracy of any digital counter 
cannot be better than plus or minus one digit of the least 
significant figure with, of course, the additional error due to 
the tolerance of the internal crystal standard. 

For frequency measurement, accuracy is proportional to 
f I T where /is the unknown frequency and T is the gate time. 

For period measurement, accuracy is proportional to 
NV/V,, when N is the number of periods and I/;,/ V„ is the 
signal-to-noise ratio. 
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New Aids 
for 
Industrial 
Training 

By R. C. WINTON, B.Sc., 
A.C.G.I., M.I.E.E.* 

There has recently been con-
siderable interest in new ways 
of training and there are now a 
number of different training aids 
ranging from special books to 
adaptive machines. In this article 
some of these aids are described 
and their special characteristics 
outlined. 
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Technicolor type 800E projector with an 8-nun concept film. The cassette can be 
seen below the screen 

/
F the Government proposals on industrial training, contained in the 
recent White Paper, live up to their promise, there is bound to be a 
very considerable increase in the volume of practical training, whether 

it is carried out in industr}. in technical colleges, or in the training centres 
which the proposed training Boards will have power to set up. 
This expansion will bring with it the problem of finding sufficient 

instructors, and the proposals themselves are hound to lead to a new out-
look on almost every aspect of industrial training. For both these reasons 
I expect to see increasing use of a number of teaching aids which have 
become available during the past year. 
The new aid which seems to hold the greatest promise for practical 

training in the immediate future is the silent 8-millimetre concept film. 
It is so-called because instead of running for 20 to 30 minutes and dealing 
with a complete subject, like an ordinary film, it runs for between half 
and six minutes and deals only with one idea or concept. such as the 
motion of a single particle in a medium transmitting a sound wave, or 
the relationship between a point describing a circle and sinusoidal motion. 

Other outstanding feautres of the concept film are the simplic:ty and 
relatively low cost of the projector and of the films. Each film is in the 
form of an endless loop with a take-up coil, and is supplied in a cassette 
which is simply plugged into the front of the special projector in order 
to show the film. No threading is required and pccsitioning is automatic. 
The only projector marketed so far is the Technicolor type 800E at €55. 

The price of films varies from £1 to £ 1 10s. Both films and projectors are 
available from the Educational Foundation for Visual Aids (38). 
Concept films clearly provide an excellent means of helping the instructor 

to demonstrate the correct use of hand and machine tools, and of brng:ng 
various processes to life, the heat treatment of metals for instance, by 
showing them actually being used in industrial processes. 

This is a recent development, so that although the library of films is 
being built up it is not yet extensive. However, among the subjects already 
covered are riveting, filing, use of the cold chisel, construction of a slicrng 
bevel, cutting a thread, and tapping. 

Advantages of concept films being silent are that the instructor can give 
his own commentary, suited to his particular teaching methods and to the 
level of his audience, and that there is no outside speaker. which many 
teachers feel tends to separate them from their class. 

Another new device with possible applications in the training both of 
skilled and semi-skilled personnel is the Videosonic system of audio—visual 

Mullard Ltd. 
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The Videosonic automatic slide projector with synchronized 
tape recorder 

The Esatutor, a relative& inexpensive teaching machine using 
linear programmes 

Close-up of key hoard and display panel of SAKI for training 
1.M. card-punch operators 
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presentation of information. This is a small portable unit 
incorporating a slide projector and a tape recorder. Slides 
are automatically rear projected in sequence on to a small 
screen built into the equipment, and synchronized with the 
tape recorder. 

Thus, as each slide is seen, the appropriate commentary 
can be heard, either through headphones or over a loud-
speaker. 

The Videosonic equipment was originally developed by 
the Hughes Aircraft Company of California to present 
semi-skilled workers with the correct procedure for wiring-
up electronic assemblies which were so complex that the 
normal written instructions, wiring diagrams and drawings 
failed to make the proper procedure clear. 
The Videosonic programme can easily be changed 

simply by inserting a new set of slides and a new tape. 
Besides its application to assembly work it has obvious 
applications to industrial training of both semi-skilled 
operators and apprentices. The equipment is available 
from Audio Visual Methods Ltd. (39). 
Another aid, or rather a whole field of aids, which has 

been little exploited for industrial training in spite of its 
great potential, is programmed instruction, which com-
prises teaching machines, including the adaptive types, and 
books. Before considering hou this technique might be 
used, it is essential to understand how it operates. 
The method presents the student with information in 

such a way as to ensure as far as possible that he under-
stands it; the way in which the information is presented is 
called the programme. There are two main types of 
programme—the linear, developed by Professor B. F. 
Skinner, of Harvard University, and the non-linear. 
multiple choice, intrinsic, or branching programme 
developed by Mr. N. A. Crowder, of the Educational 
Science Division of U.S. Industries in America. 

In the linear programme the student is presented with 
information in a logical sequence of small steps, and tested 
after each step. 

As an example, take this extract from 'Earth in Orbit'. 
a book with a linear programme by Patrick Thornhill. 
published by Methuen at 3s. 6d., which should be read 
by anyone interested in how this type of programme works. 

'Another word for the turning or spinning movement of 
the Earth is its ROTATION. We can say that the Earth 
ro   es. ( rotates) 

'The Earth rotates from  st to  st (West 
to East) 

'If you thread a bead you can make it rotate on the 
thread ; the thread through its centre marks the AXIS on 
which the bead r   es. (rotates)' 

After the student has filled in his answer he can check 
it against the correct answer (given in brackets above). 
and by examining his replies afterwards the teacher can 
assess his understanding. 
The replies are intentionally made easy, and in a properly 

written programme they should all be correctly answered by 
95 per cent of the students. This is necessary because if a 
student makes a mistake there is nothing in the programme 
to show him why he is wrong. 

This is in contrast to the non-linear, multiple choice 
programme, in which the student is presented with 
information in somewhat longer steps, and then tested 
immediately by a question to which several possible 
answers are given. If the correct answer is selected the 
lesson proceeds with the next step. but if the answer is 
wrong the student is given what is termed 'remedial 
material' to explain his mistake. and then returned to the 
original step for another attempt to get the answer right. 

In a teaching machine for a non-linear programme the 
information is projected from frames on a filmstrip on to 
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a screen, and the student presses a button corresponding to 
the answer he selects. This automatically projects another 
frame, which may be either remedial material or the next 
step in the lesson. 

In a book the student is given the page number to turn 
to in accordance with the answer he selects—to make 
'cheating' as difficult as possible these pages are placed in 
the book at random, and these books are therefore some-
times called scrambled books. 
A series of such books, called Tutortexts, has been pub-

lished by the English University Press at 25s. each. The 
following extract from page 16 of one of these, 'Introduc-
tion to Electronics', shows how the multiple choice 
programme works. 

'Each proton in the nucleus has one positive charge. 
Each electron has one negative charge. Normally there 
are just as many electrons in orbit as there are protons in 
the nucleus. The positive and negative charges just 
balance. What would happen if one electron were missing 
from an atom? 
The atom would be left with a negative charge page 4. 
The atom would be left with a positive charge page II.' 

On page 4 the student reads: — 

'Take an atom with six protons in the nucleus and six 
electrons in orbit. Now remove one electron. You're left 
with six positive charges—but only five negative charges. 
So the atom is left with one extra positive charge. 

Please return to page 16 and select the correct answer.' 

There is still little agreement on which of these two 
methods is the better, nor is there likely to be for some 
time, since one of the unexpected revelations of programmed 
instruction is that we really know nothing about the best 
ways of teaching or the actual processes by which we learn. 
Probably we shall find that one method is better for some 
kinds of instruction, and the other for different kinds. 
On one point, however, there can be no doubt—a linear 

programme can be presented better in book form than a 
non-linear programme, and can be used with a far cheaper 
teaching machine than a non-linear programme. For 
instance, the Grundytutor, a teaching machine for non-
linear programmes marketed by International Tutor 
Machines Ltd. (40), costs £230. compared with £ 14 16s. for 
the Esatutor, a linear machine marketed by the Educational 
Supply Association Ltd. (41). 
The Empirical Tutor marketed by Lampson Industries 

Technical Products Ltd. (42) can present information not 
only by projecting printed material on a screen, but also 
through the use of a tape recorder, slide projector, oscillo-
scope, or meter. and so helps the student's understanding 
and retention by enabling him to use more than one of his 
senses. 

In understanding programmed instruction it is vital to 
appreciate that the teaching machine is only a means of 
presenting the programme to the student, and that its 
success depends entirely on the quality of the programme 
itself. 

Hitherto I have been writing about non-adaptive 
machines with programmes which remain unaltered what-
ever the ability of the student ; he can merely learn more 
or less quickly. 

Adaptive machines on the other hand can change their 
programmes in accordance with what they learn of the 
student's ability, and thus approach more closely to the 
normal student-teacher relationship. As they are neces-
sarily more complex than non-adaptive machines, however, 
they are more expensive. 
The first adaptive machine marketed in this country was 

the Solartron Automatic Keyboard Instructor (SAKI). 
now handled by Cybernetic Developments Ltd. (C.D.L.) 
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An adaptive teaching machine developed by Cybernetic 
Developments Ltd., comprising a general purpose controller 
(centre) and the experimenter's display console ( right) here 
shown controlling a small generalized fault-finding training 
display applicable to computer logics 

(43). The machine continuously alters its programme so 
as to give more practice on those keys on which the 
operator makes mistakes, and as she gains experience she 
is required to operate the keys more quickly. 
Among the adaptive machines which C.D.L. are now 

developing is an equipment to give instruction in quick 
reading and to test comprehension. It can not only 
measure the student's reading speed and adapt its pro-
gramme accordingly, but it can also determine whether 
he is better at understanding factual or eeneralized informa-
tion, and give more practice on the type of material on 
which his comprehension is less. 
Another C.D.L. machine can teach electrical and elec-

tronic service engineers the methods, logical thinking and 
intuition necessary for fault finding in complex equipment. 
Control equipment. computer logic elements, and counters 
are simulated, and the serviceman taught to fault find by 
measuring a.c., d.c. and signal voltages at different points 
with the use of a circuit or block diagram. 
The machine adapts itself to improvements in the 

The Auto Tutor being demonstrated by Me. Norman Crowder. 
who developed the intrinsic programming technique used in 
this teaching machine 
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student's skill by presenting more complex faults, reducing 
the time allowed for finding the fault, and presenting less 
information for him to work from. 
Among the first users of SAKI are B.E.A.. for training 

I.B.M. punch-card trainee operators, and the Royal Assur-
ance Company, for training the punch-card operators who 
will feed the De La Rue Bull computers which they are to 
install at their Acton and Liverpool offices. 

B.E.A. were also among the first to use non-adaptive 
machines—they installed the AutoTutor. made by U.S. 
Industries (44), last year to teach their staff how to com-
plete aircraft load sheets. Another organization to use these 
machines are Richard Thomas and Baldwins, for their 
apprentice and operator training, and in this case they even 

ATLAS MASS FILTER 

ASMALL and easy to operate ion filter of high 
sensitivity for qualitative and quantitative analyses 
of gases and vapours has been introduced into the 

U.K. by Europa Engineering. This instrument is suitable 
for quality control of production gases, control of chimney 
and flue gases, safety monitoring of gaseous area and like 
applications. 

Known as mass filter AMP3 it is produced by Atlas 
MAT of Bremen and, by mass spectrometry. it provides for 
analyses in the mass range 2 to 100. 

Principles of Operation 

The gas to he analysed is introduced into the ion source 
at a pressure of between 5 x 10 -4 and 10 12 mm Hg. 
Ionization is achieved by electron bombardment, and the 
ions are beamed by means of an ion- optical lens into a 

,4 console version of the equipment with the vacuum pumping 
system and sample container .fitted in the bottom half 

trained their own staff to write the programmes for them. 
I have heard an estimate that 1,000 training centres, each 

with 250 trainees, will be needed to implement the new 
Government proposals on industrial training contained in 
the White Paper. Even if this is considered fanciful, there 
is no doubt that a tremendous expansion in training facili-
ties will be required, and in my opinion the only way we 
can raise the necessary instructional effort sufficiently 
quickly, or indeed at all, is by making use of the advances 
in teaching technology, some of which 1 have described. 
It is not so much a case of whether we make use of them, 
but of how and when we do so. 

For further information on a specific item circle the numbers in 
brackets on the Service Card 

quadrupole electrical field. The field is generated between 
four cylindrical rods to each of which a d.c. voltage with a 
superimposed high frequency a.c. voltage is applied, 
adjacent poles carrying opposite charges. 
The amplitude and frequency of the superimposed a.c. 

and the corresponding d.c. component define the mass of 
the ions which will pass along this field and impinge on the 
collector at the farther end. Ions of mass either greater 
or less than that defined will be excited to oscillate within 
the field and will finally pass out of the ion beam. By 
alteration of the h.f. voltage ions of any mass between mass 
numbers 2 and 100 may be brought on to the collector. 
The ion current at the collector, which is directly propor-
tional to the partial pressure of the components of the gas 
under analysis, is amplified and recorded. 
There are several advantages peculiar to this method of 

ion separation: 

No magnet is employed, and consequently the gauging 
tube can easily be connected anywhere in an existing 
pipework system. 

(2) Within the mass range. 2 to 100. the transmission of 
the quadrupole field amounts to a maximum 100,,. 

(3) The partial pressure of a component and the total 
pressure can be measured. 

(4) Indication is quantitative and the mass scale is linear. 

Construction 

In order to make the mass filter as versatile and adapt-
able as possible, the instrument is constructed on the unit 
principle, permitting extension of the range of application 
by means of additional units. 
The basic instrument consists of: A gauging tube with 

ion source, analyser (quadrupole field) and collector. In 
addition the following units are housed in standard 19- in. 
rack mounts in a portable case: Ionization unit, which 
delivers the ion source operation power. The h.f. generator, 
which delivers both the h.f. and d.c. supplies for the quad-
rupole system. The d.c. amplifier with indicating instru-
ment for the amplification and indication of the ion current. 
To extend the range of application, a number of units 

may be built on to the basic equipment. 

For further information circle 45 on Service Card 
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This article describes a simple automatic weighing 
machine developed for table- tennis balls. It also sorts 
the balls into three categories of weight. 

WEIGHING 
TABLE-TENNIS 
BALLS BY 
ELECTRONICS 

A
T some time in life most people play table tennis. 
but unless one is a keen player very little thought 
is given either to the balls used or to the effort that 

has gone into making them. Throughout the manufacture 
of all table- tennis balls produced by Halex Ltd. processes 
are held to very close limits and extensive testing is carried 
out to ensure that each ball meets an accepted standard. 
Following a series of mechanical tests, which include those 
for flaws, bounce and bias, Halex Ltd. weigh each and 
every ball produced! Those falling within the range of 37 
to 39 grains are classified as 3-star or top-grade balls, those 
within the range 39 to 41 grains are classified as 2-star balls. 
and those greater than 41 grains and less than 37 grains are 
general-purpose balls. 

Considering that there are 437.5 grains to the ounce. it is 

General view of the apparatus. The balls are fed down a chute 
from the hopper on the left, pass through the weighing section, and 
out into one of three bins, according to weight 

quite difficult to devise quick and economical methods of 
classifying very large quantities of table-tennis balls. Until 
the early 1950s Halex employed operators, with scale 
balances, to weigh and classify each ball manually—a slow 
and laborious process. It was at this time that one of the 
production supervisors at Halex decided to think about a 
design for the automation of the weighing of balls and by 
1954 Elcontrol had engineered and delivered two auto-
matic weighing machines. By close co-operation between 
Halex and Elcontrol a simple but efficient system was 
produced at a modest cost using a standard scale balance. 
four photoelectric detectors and four amplifiers with relays 
in their output circuits to control counters and electro-
magnetic air valves. 

In operation, the balls are automatically fed from the 
bias-testing table into a hopper. A chute from the hopper 
terminates just above the weighing platform of the scale 
balance and the balls are retained in the chute by an 
electromagnetically-opened shutter. The weighing plat-
form, or ring into which the hall is dropped, is at one end 
of a horizontal pivoted arm while at the other end there is 
a small metal flag which interrupts the light falling on to 
one of four photoelectric cells according to the weight of the 
ball. 
The sequence of operation is as follows: The shutter on 

the hopper chute opens and allows one ball to fall into the 
ring on the scale balance pivot arm, causing it to move. 
As the ring-end of the pivot arm moves downwards so the 
other end, on which there is a metal flag, moves in an 
upward direction. When the arm comes to rest, the flag 
interrupts the light, from an associated bulb, falling on to 
one of four vertically-mounted photoelectric cells and pro-
duces a change in the output signal from that cell. 
Each cell is mounted in a position corresponding to a 

particular weight range. The lowest is operative for balls 
weighing less than 37 grains, while the highest operates 
when a ball weighing more than 41 grains is in the ring of 
the pivot arm. The two intermediate cells cover the weight 
ranges 37 to 39 grains and 39 to 41 grains. The change in 
output signal from the photoelectric cell is amplified by a 
double-triode amplifier associated with that cell and causes 
a relay in the output circuit of the second triode to operate. 
Contacts on the relay close and energize two electromagnetic 
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air valves which blow the ball out of the ring and down one 
of three chutes. At the same time the relay contacts pro-
vide a switching signal for the electromagnetic counter 
attached to the output chute. 
With the ball removed from the scale balance the pivot 

arm returns to a zero position and in so doing causes the 
photoelectric cell, its amplifier and associated relay to return 
to their original condition. During this final sequence of 
events, contacts on the relay produce a signal which makes 
the shutter on the hopper chute open, releasing another ball, 
and close. 
Two of these weighing machines will do the work of 

51 operators. Since 1954 two of these machines, combined 
into a single system, have been in operation for about 
50 hr a week and to date have weighed and classified over 
28 million table-tennis balls. No serious trouble has been 
experienced with the machines apart from the occasional 
replacement of one of the bulbs or valves and adjustment 
of the relay contacts. 

A close-up of the weighing section. A ball can be seen in a ring 
which constitutes the weighing platform 

MONITORING RADIATION 

THE rapid expansion of nuclear engineering and the 
increasing use of isotopes as track elements, for non-
destructive testing, and for various new techniques has 
spread the need for a simple yet reliable radiation detector 
from specialized laboratories to industry in general. This 
need is now met by the latest monitor made by Airmec Ltd., 
known as the Type 255. It is a fully transistorized battery-
operated portable unit weighing only 16 lb. 
The rate meter unit has a range from 0 to 5,000 counts 

per second in four steps, with an accuracy of better than 
3%. An additional electromechanical counter gives 
absolute accuracy up to 25 counts per second. Audible 
indication is provided by a small built-in loudspeaker. 
There is also an output for driving a scaling unit. 

510 

A Geiger tube is mounted in the base of the monitor to 
enable large areas to be surveyed with the instrument slung 
from the shoulder, leaving both hands free. For more 
selective work, four different special-purpose probes can 
be plugged in. For alpha particles there is a scintillation 
probe incorporating a photo-multiplier, which can detect 
particles with energies down to 4 MeV. A Geiger-type 
beta—gamma probe has a sliding shutter to cut off beta 
radiation, to which its sensitivity is 0-5 MeV. 
For the most accurate work special sample holders of 

fixed geometry, for both solid and liquid samples, are 
available. 

For further information circle 46 on Service Card 

Left: The Mobile Radiography Unit of 
the Central Electricity Generating Board 
uses Type 255 Radiation Monitors in 
decontamination checks after leak tests 
in power station piping with radioactive 
sources 

Right: Workers at the Wythenshawe 
research laboratory of A.E.I. (Man-
chester) Ltd., where the effect of irradia-
tion on nuclear reactor materials is being 
studied, use Airmec Type 255 Radiation 
Monitors to check equipment for con-
tamination 
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For an industrial computer control system to be of practical 
value, the output information must be presented in a 
suitable form. The main requirements and methods 
available for achieving them are discussed in this article. 

+ OUTPUT DEVICES FOR INDUSTRIAL 

By J. F. ROTH, B.Sc., A.M.I.E.E.* 
COMPUTER SYSTEMS + 

T
HE use of digital computers for the solution of 
industrial problems is now a generally accepted 
technique. From information describing the condi-

tion of the plant or process the computer programme will 
analyse its state and present selected data for further con-
sideration or action. The conventional output media for 
a computer is punched paper tape which must be transcribed 
into a more readily comprehensible form to be of any 
practical use to a human operator. When dealing with real 
time, or on-line, applications the time scale involved nearly 
always demands that the output information is produced 
as rapidly as possible for either direct action or in a form 
which is immediately comprehensible to an operator. In 
addition, the output information will generally be required 
at many points spread over a large area, and at consider-
able distances from the computer itself. 
The problems involved in selecting suitable output 

devices and organizing the presentation of the informa-
tion for such on-line applications are well illustrated by 
considering these aspects of the Information and Data 
Handling System recently installed at the Spencer Works 
steel strip mill of Richard Thomas and Baldwins. The 
various devices which could be used fall into various 
categories which are illustrated diagrammatically in Fig. I. 

Advisory Information 

Whenever direct control of the plant is impractical, the 
human operator must be retained, and provided with 
adequate information upon which to act. It is essential that 
this information be concise and readily understandable, for 
the operator must interpret it and decide on the action he 
is to take. Thus the quicker the operator is expected to act 
on the information the more carefully must its method of 
presentation be considered. 

Aural 

Of the five senses with which man is traditionally said 
to be blessed, only two of these—aural and visual—are of 
help in the present context. The former is usually retained 
for alarm indications where it is necessary to attract the 
attention of the operator rapidly. The effect is non-direc-
tional. inasmuch as the spatial relationship of the operator 
to the signal is immaterial—he may, for instance, be in the 
next room, but he will still be able to recognize the signal. 

* Process Computing Division, Elliott Bros. ( London) Ltd. 
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However, the ability of the operator to discriminate on the 
direction of the source of the aural signal can be used to 
lead him to a selected device or location. Coding, to 
increase the discrimination and provide additional informa-
tion, can be employed, but if this exceeds a few easily 
remembered sequences the operator's reaction time will 
be greatly increased, for he must first make sure that he 
has correctly understood the signal and then, possibly, refer 
to a table for interpretation. 

Visual Display 

The visual sense is of far more use as the eye can 
assimilate a large amount of varied information very 
rapidly, although minor differences may pass unnoticed. 
The combination of the brain and eye is subject to tricks 
of the imagination, and the operator may honestly believe 
that he is observing something which in fact differs from 
what is there in reality. This factor must be borne in mind 
in the design of visual information facilities and is of special 
importance where the operator is subject to fatigue. 

OUTPUT INFORMATION 
FROM COMPUTER 

 1 
ADVISORY DIRECT ACTION 

I I  

i VISUAL 

AURAL  

1 

I  r--- 11 
ADJUST 

SET- POINT 1 TRANSITORY 

BELL 

VISUAL 
DISPLAY 

_r__ _ -1 

OPERATOR 

L._ 

PERMANENT 

PRINTER 

DI ECT 
ADJUSTMENT 

ANALOGUE 
CONTROLLER 

PLANT 
VARIABLE 

Fie. I. Relationship between the various classes of output devices 
which can he used with an on-line computer control system 
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Above: Fig. 2. Multi-decade display panel to inform slabbing 
operators of current rolling operations 

Right: Fig. 3. Rear view of display panel shown in Fig. 2 showing 
magnitude of the wiring associated with the display 
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Fig. 4. Schematic representation 
of the organization for con-
trolling a printer and a visual 
display from a computer 
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The method adopted for presenting information to the 
operator for him to detect visually will depend on the par-
ticular application. If the information is only required for 
a short period, after which it is of no further value, a 
display can be used. An example of the simplest type of 
display, that of a single lamp, can be readily appreciated 
by considering the soaking pit discharge organization at 
Spencer Works. The computer calculates when the ingots 
in the soaking pits have been adequately heated and are 
ready to be withdrawn and sent to the rolling mill. On 
deciding that a pit is ready, a lamp is illuminated adjacent 
to the pit indicating that it is the next to be discharged, and 
this also shows the crane operator the pit to which he has 
to move his crane. 
A slightly more complex arrangement would be an alarm 

annunciator as, for example, is provided on the system 
supervisor's console to indicate error conditions. Here two 
interlinked displays are provided, one being illuminated 
under normal conditions and the other during an alarm 
state. Immediate differentiation between the two states is 
provided by having the normal display immediately above 
the alarm display, so that discrimination is on indicator 
position. Colour difference is also provided as a secondary 
aid, the normal indicator being in green and the alarm in 
red, but due to the distorting effects of the surrounding 
general lighting conditions and the varying degrees of colour 
blindness of so many people this cannot be relied upon. 
The success and universal understanding of colour traffic 
lights is due more to the position of the command indicators 
than to their colour. 
Where it is necessary to provide the operator with data 

to enable him to process correctly each of the items he is 
dealing with, a more complex display will be required. 
Fig. 2 shows a multiple display provided for the slabbing 
mill operators. The top display identifies the ingots and 
gives the dimensions of the slab to which they are to be 
rolled. The second display provides similar information 
for the next group of ingots, and thus provides advanced 
information of the following rolling programme. The 
third display provides quality information for the ingot 
being rolled, and the bottom display gives similar informa-
tion for the next ingot. This information could be pre-
pared on a printed schedule which lists all the items to be 
dealt with, but the operator would have to check each one 
off as it was completed in order to keep his `place'. With 
a display his `place' is being maintained automatically by 
the control system. 

In order to be able to display the required information, 
each decade of the visual display must be capable of show-
ing ten numeric characters. As the time for which the 
display is to be illuminated is very much longer than that 
required by the computer for producing it, and as the 
computer is too valuable to be allowed to deal solely with 
the display while it is required, a buffer store is necessary 
to retain the display data. Each decade must have its 
own individual store, which is capable of being set to any 
one of ten states. The display itself has ten separate lamps, 
the selected one being illuminated to project the corres-
ponding digit on the front screen. The complexity of such 
a display system is reflected in Fig. 3 which shows a por-
tion of the wiring at the rear of the display shown in Fig. 2. 
To exclude erroneous indications while the display is being 
changed the first character of the new information, which 
the computer outputs serially, will extinguish all displays, 
and the last character will illuminate them. The function-
ing of a display system is illustrated in Fig. 4. 
One of the main disadvantages of such output devices is 

that they are somewhat costly. However, a display can be 
easily seen by a number of people and can be automatically 
indexed so that it is always displaying current action 
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information. Depending on the location and use, there is 
a wide variety of sizes and types of display devices from 
which to choose. Thus the most suitable style of devices 
can be selected for each application, whilst the control 
circuitry remains unchanged. An example of a different 
style of display can be seen from Fig. 5 which shows a 
display for indicating to the engine driver of the train carry-
ing ingots to which of the stocking locations he is to go for 
unloading. One aspect of a visual display system which 
is evident from this example is its inflexibility. The display 
is normally designed for a particular use and if this changes 
or if a different information content is required the modifica-
tions could well be extensive. 

Printers 
Where the output information is to be recorded perman-

ently a printer is necessary. The printed record may be 
required for a number of reasons. For instance, in the 
mould preparation bay office a list of moulds to be 
assembled on each train is printed out. These lists are 
taken by the operatives into the mould stock yard so that 
the correct moulds are chosen. To protect against loss of 
the copy, multi- ply paper is used, so that there is a record 
copy always available. Another example would be in the 
steel plant where a printout is produced each time a train 
of moulds is assembled and ready to leave the mould pre-
paration bay, for this area cannot be seen from the steel 
plant. As the train is not required immediately, this 
permanent record allows at any time a check to be made of 
the trains which are waiting to be used. 
When only one or two different types of information are 

to be printed at a given printer and each is represented by 
just a few digits, a strip printer may be satisfactory. As 
the number of types of information increases, coding 
symbols must be added so that each can be recognized 
but the limit of the device is soon reached. Complex cod-
ing can be used but this throws an unnecessary burden on 
to the operator. 
With a longer typeline and the facilities for printing full 

alpha as well as numeric information, these limitations are 
overcome. Each item of information can be prefaced by 
a short description so that it can be readily recognized. The 
longer typeline allows an output format to be chosen so 
that the information can be laid out in the best manner. 

Fig. 5. View from train driver's cab showing display indicating 
unloading location 
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Fig. 6. Operator examiniag printout from teleprinter which is 
housed in a protectire console 

and the layout can be relatively easily modified. From 
practical considerations a moving-carriage printer is unsatis-
factory. The carriage movement requires a large amount 
of space to be available, and as the printer must be enclosed 
to protect it, the enclosure would become unduly large. 
The paper feed and storage would also present problems. 
.as the carriage would not he able to support the weight of 
the paper reservoir. This must be quite large to overcome 
the necessity for replenishing it too frequently. as the paper 
cannot be alowed to run out. The paper must be con-
tinuous to avoid constant feeding problems and a roll is 
therefore very suitable. This will normally be multi- ply so 
that a number of copies can be made at a time. 
These requirements will be fulfilied by a teleprinter and 

as this device is also self-decoding the number of signal 
channels required to operate it is reduced from one per 
character-42 for full alpha numeric and standard symbols 
—to six, giving a considerable saving in cabling cost alone. 
Being an elect ro-mechanical device there are a large number 
of moving parts and regular maintenance is essential if 
reliable operation is to be obtained. To protect the printer, 
it is housed in a cabinet—as shown in Fig. 6—and a glass 
panel is pros ided at the top so that the typeline can be seen 
as it is being printed. When the printout is complete, the 
paper can be fed forward manually and the printed section 
torn off. The information presentation in this case s not as 
easy to comprehend as a visual display but where it is not 
required for immediate action this does not matter. 
A printer is a relatively slow device, especially when 

compared with the speed of the computer. Therefore some 
means must be provided for indicating when the printing 
action is complete. so that the computer is not held up 
while the printer is operating. The arrangement for doing 
this is shown in Fig. 4 where the busy' indicator is set by 
the print instruction and this is reset by the printer as it 
completes the action. 

Direct Action Information 

The output units so far considered cover the main devices 
used for the presentation of advisory information. Where 
direct action is required a means must be provided for 
enabling the output data to adjust the process variable 
directly. This can be done directly although such a pro-
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cedure has many drawbacks, especially when failure con-
siderations are taken into account. The conventional 
method for the control of the process variable is by an 
analogue controller, where the operators set the desired' 
value manually and the controller maintains the variable at 
that setting. A unit can he added to a controller to allow 
the set- point to be adjusted remotely and this adjustment 
can then be done from the computer. In this way not only 
can the operation of the computer system be checked prior 
to closing the loop but in the event of a failure operation 
of the plant can revert to manual control. 

Construction 

Fo achieve the maximum value from an industrial 
computer-controlled data- handling system the way in which 
the output data is prepared and presented is of the utmost 
importance. From the point of view of the operators and 
others viewing the system, it is only the output (and also 
the input) devices with which they will normally come into 
contact. They will only be able to assess the usefulness 
and value of the complete control system from the per-
formance of these peripheral devices and from these experi-
ences their confidence in the system must be established. 
The peripheral devices, unlike the remainder of the system 
which can be housed in special buildings, must be placed 
in the plant itself and are therefore subject to very severe 
environmental conditions. Hence it is of extreme im-
portance that these devices are adequately constructed so 
that they can stand up reliably to the type of use—and abuse 
—to which they will be subjected. Great care must be 
given to the mechanical design not only with regard to 
adequate robustness but also with due consideration to the 
problems of the man-machine interface. 

SELF-HEALING DIELECTRIC GEL 

Illustrated here is a new encapsulan: from Midland Silicones. 
For electronic components, it provides a protective, self-healing 
cushion with excellent dielectric properties and low water absorp-
tion. Probes can be inserted (for circuit testing, etc.) and faulty 
component may be replaced 

For further information circle 47 on Service Card 
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Continuing the discussion of storage cathode-ray tubes, further applications are 
described. These range from acceleration impulse testing to slow-scan television. 

Applications 

By F. J. HORLEY' 

AN
OTHER application of the direct-view storage 
tube is in the instrumentation associated with 
acceleration impulse testing equipment. 

This type of investigation is a fairly new development in 
the field of environmental testing and is designed to assess 
the reliability of electrical and electronic components in 
assemblies under shock conditions. Fig. 7 shows a General 
Electric acceleration impulse machine,7 which provides a 
controllable accelerating pulse. together 
with its associated instrumentation; in the 
photograph electronic equipment is fixed 
to the load platform for testing. The 
impulse itself is provided by compressed 
air at 450 p.s.i. acting on a piston which 
is in contact with the load-bearing plat-
form. This platform is retained by a shear 
pin whose breaking stress determines the 
level of thrust and hence the acceleration 
required. These pins are available in a 
number of sizes to give a particular g 
required. The stroke of the piston 
determines the duration of the pulse. 
The acceleration waveform is picked 

up on a barium titanate accelerometer 
attached to the load-bearing platform. 
The signal is fed via a cathode-follower 
and amplifier into the storage tube, which 
is again in the form of a Remscope. 
A typical waveform is shown in Fig. 8. 
The start of this trace represents the 
point at which the pin shears and the 
initial leading edge represents the release 
of energy on shearing. The platform then 
continues at constant acceleration for a 
short while before the platform leaves the 
piston; at this point the platform is 
retarded by the restraining straps on the 
instrument and the deceleration takes 
place. The accelerometer gives a signal 
of 56 mV/g and this particular waveform 
represents an acceleration of approxi-
mately 80 g on a time scale of 1 msec/cm. 
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nstrumentation 

(Concluded from p. 462 June issue) 

It can be seen that there is a considerable amount of 
noise, etc., superimposed on the waveform, and one of the 
reasons for this is that the specimen under test is shock 
excited during the acceleration pulse at its own natural 
frequency and this frequency, together with its harmonics, 
appears on the fundamental waveform. The energy content 
of these natural frequencies is negligible and does not, there-
fore, have any effect on the fundamental acceleration wave-

Fig. 7. Accelermion impulse machine with storage oscilloscope 

515 



Fig. 8. lypical acceleratMn (ado, ni 

Fig. 9. Acceleration waveform with filter cutting off 
at 3 kels 

Rail). Display of echo signals obtained by scanning 
a pig's back with ultrasonic signals 

form. In view of this, it is possible to filter out these signals 
to present a much cleaner trace for study. An example 
of a filtered waveform is shown in Fig. 9. The filter was 
set to attenuate all frequencies above 3 kc/s. It should be 
remembered, however, that the use of RC filters will intro-
duce some phase shift and it should be pointed out that the 
use of a filter in these tests is a point of contention and there 
are two schools of thought as to whether any information 
is lost by the use of the filter. 
The impulse machine and its associated equipment can 

simulate accelerations up to 150 g and the actual load plat-
form is so arranged that connecting leads may be run to the 
equipment under test on the platform, and the equipment 
may then be evaluated under actual working conditions. 
A number of other fields of environmental engineering 

are also using storage tubes in their instrumentation. The 
techniques involved are to obtain a signal from a trans-
ducer such as an accelerometer, which is attached to the test 
sample, and then to excite the sample on a bump test table 
or drop test apparatus. The design of air crew helmets to 
withstand certain supersonic g forces and also the study of 
microphony in valves are being done in this way. 
A new and important field is in the packaging business. 

Packing cases, etc., are now being subjected to drop and 
bump tests, with a view to designing packing materials 
capable of sustaining a limited amount of impressed force 
before distortion or permanent damage occurs to the cargo. 
The days of the old wooden case crammed tight with wood 
wool are numbered; packing cases today are being scienti-
fically designed to withstand specified g forces and condi-
tions. 

Research in Pig Breeding 
A rather unusual application for a direct-view storage 

tube is in the plotting of ultrasonic echoes from a pig's 
back. This is known technically as 'tissue visualization'. 
The problem is to determine what the rasher of bacon 

is like in the live pig, so that a superior strain of animal may 
be bred for its bacon quality. 
This work is in its early stages and is being attempted 

by scanning across the back of a pig with a focused ultra-
sonic probe. Signals, similar to radar echoes, are reflected 
back from the layers of tissue which constitute the animal's 
back and these are intensity modulated to form a display on 
the storage tube. 

Fig. 10 shows a typical display, the various echo signals 
clearly indicating the different fat layers, etc. It can be seen 
from this picture that there is a delay between the sweep of 
the scanner and the first echo received from the skin of the 
pig. This is due to a water column which is used as a coup-
lant between the transducer and the skin of the pig. Scans 
of this type take up to two minutes and it is extremely 
useful to study the scan as it takes place, and also to have the 
complete picture in view. This can only be achieved by the 
use of a storage tube. 

Integration Effect of Direct-View Tubes 

An extremely useful effect with these tubes is their ability 
to integrate repetitive signals which have a large amount of 
random noise superimposed on the signal. By using a storage 
tube, it is possible to improve the signal-to-noise ratio con-
siderably. This improvement is achieved by the fact that the 
noise signals, being of a random nature, strike the mesh 
in an irregular formation and only slightly increase the 
potential of the mesh. The signal, being repetitive, additively 
builds up the potential of the mesh, where it is continually 
writing, and hence the signal appears very bright and the 
random noise appears lost in the general background 
illumination. 

It is also possible to achieve the same result with the 
electrical-in-electrical-out tubes. 

516 Industrial Electronics July 1963 



Storage of Television Pictures 

The half-tone direct-view storage tube can 
prove extremely useful because of its ability 
to store complete television pictures. Pictures 
can be stored for periods of up to a week 
and viewed for up to five or six minutes 
during this time. 
These tubes have a number of television 

applications, one of which is on continuous 
production processes where the operational 
speed of the production line is such that con-
ventional closed-circuit television would not 
present an image of the item to be inspected 
for a long enough period. By using two half-
tone storage tubes and two inspectors, the 
inspection time for each item can be 
approximately doubled. 

Fig. 11 shows a typical production process 
with a rotating table carrying items to be 
inspected and a television camera viewing 
each item as it momentarily stops in front of 
the camera. The storage tubes are housed in 
two Tele-Remscopes. which are commercially 
available instruments specially designed for 
this purpose. Although not necessary. in this 
particular application, a television monitor 
is used for initial setting-up and the sequence 
switch in the diagram is actuated so that 
alternate images of the object to be inspected 
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Fig. II. Production process using closed-circuit television and a 
storage display tube 

are switched, 
via the control unit, to each Tele-Remscope in turn. The 
inspector reject units allow the inspector to reject an item 
by pressing a button; this would then be taken off the 
production line, via a memory pin, to stop all further 
operations on the object. 

Fig. 12 shows a general view at the inspection point and 
Fig. 13 is a photograph, approximately four times actual 
size, of the items used for the purpose of this test. It is a 
small tag board with various components on it. Fig 14 shows 
a similar tag board viewed on a storage tube. By the use of 
such equipment it has been proved that where television 
equipment has to be used for inspection 
processes on production lines, the inspec-
tion efficiency is increased and that 
inspection by storage tube is less tiring 
and generally easier to view. The latter 
probably is because the image on the 
storage tube appears as a succession of 
'stills', whereas on the conventional tele-
vision monitor the inspector would sec 
the object move on to the screen, stop. 
and then move off again. 
The ultimate resolution of the picturc 

displayed on a direct-view tube is 
dependent on the resolution of the storage 
mesh and the density of the writing beam 
current. Under normal conditions this 
varies from 60 to 110 lines per inch. 
Fig. 15 shows the results of some tests. 
This photograph was taken from the face 
of an English Electric E702C tube and 
is a typical illustration of the resolution 
which can be achieved. The information 
consists of Stock Exchange prices, which 
are written in black on a white back-
ground and then viewed with a normal 
closed-circuit television system. A number 
of tests, using different coloured pencils 
and backgrounds, did not improve the 
resolution and black on white was found 
to be the best medium for such information 

Industrial Electronics July 1963 

On the English Electric tube it is possible completely to 
resolve the standard British television Test Card 'C'. From 
the tube face it is possible to see the 3-Mc/s vertical bars 
and also the five tone gradations which go to make up this 
picture. 

Half-tone storage tubes have numerous applications in 
the 'frozen action' television type of display and can be 
also used for the presentation of radar and weather map 
information. It is now possible to obtain these tubes with 
screen sizes of from 5 in. to 21 in., although the 21 in. 
size screen is very expensive. 
As an alternative to using a large screen half-tone tube 

Fig. 12. General view of an inspection point for a production line 
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Fig. 13. Photo of item used as a production test 

Fig. N. Item of Fig. 13 as reproduced on the storage tube 

Fig. 15. Stock exchange prices as reproduced on a storage tube 

to display stored information, it is possible to achieve the 
same effect by using an electrical-in-electrical-out type of 
storage tube. As previously described, these are available 
with non-destructive 'read outs' and a typical application 
would be to write one or a few frames of television informa-
tion into the storage tube which is then scanned and the 
stored television picture retrieved from the storage mesh and 
displayed on a conventional large screen monitor. The 
advantage of using this system over a large screen direct-
view tube is that a number of conventional television 
monitors can be connected to the one slave electrical-in-
electrical-out storage tube and thus stored information can 
be made available at a number of monitoring points. 
Using this arrangement, considerably better resolution 

can be achieved than is possible with the direct-view tube. 
A resolution of the order of 500 lines per inch is possible 
from electrical- in-electrical-out storage tubes. 

Slow-Scan Television 

Another application of storage tubes in television tech-
niques is in the transmission of television pictures over tele-
phone lines.8 At present, the cost of transmitting television 
'still' information via microwave links or coaxial lines, is 
extremely high. If, therefore, this information can be trans-
mitted over a normal telephone line with a 3-kc/s band-
width, considerable economies can be effected. The problem 
is to reduce the bandwidth of the television system to such a 
level that it can be transmitted over a telephone line. One 
way of achieving this is to use an electrical- in-electrical-out 
storage tube at both the transmitting and receiving end of 
the telephone line and Fig. 16 shows a simplified diagram 
of such a system. 
The equipment utilizes a conventional high-speed closed-

circuit television camera to produce an image. This image 
is then gated to allow a single picture to be read into the 
storage tube at normal frequencies. This television picture 
is then 'read out' at a slow scan speed and this signal modu-
lates a carrier frequency which is transmitted over the tele-
phone line. The storage tube acts as an electronics standards 
convertor where conversion to the slow scan standard takes 
place. 
At the receiving end the reverse standards conversion 

takes place and the resulting signal, at normal television 
frequencies, can be viewed on a number of conventional 
monitors. The picture appears, of course, as a still of one 
frame of the original. With the non-destructive 'read out' 
qualities of this type of storage tube a maximum viewing 
time of from 6 to 10 minutes is possible for the transmitted 
information. 
The electrical- in-electrical-out storage tube also has 

application in the large screen presentation of radar informa-
tion. This type of system has been in use for a few years 
now and basically converts a radar type picture to a tele-
vision picture to provide a bright display on a number of 
monitors. This is particularly useful at airports and harbours 
where one master radar control, incorporating an electrical-
in-electrical-out storage tube, converts the radar picture to 
a television picture. This radar information can then be dis-
tributed in the form of a television picture to any ship in 
the area possessing a television monitor linked with the 
shore transmitter. Hence, this information is available to any 
ship having a television monitor suitable for the par-
ticular transmission frequency. The salient feature, of 
course, is that the bright display, featuring target trials. 
allows easy assessment for course and speed calculations. To 
stop the tube being written to full saturation by successive 
radar scans, the mesh is partially erased as the information 
is being read out. This eliminates the possibility of the mesh 
saturating and presenting a mass of very bright, blurred 
information. 
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Fig. 16. Simplified diagram of slow-sean television system 
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The use of storage tubes in instrumentation is increasing. 
With new tubes which are available it is possible to write 
information in and selectively erase any part of the trace.4 
With these tubes it is also possible to view stored and non-
stored information simultaneously. 
These tubes are of the direct-view half-tone type and 

operate in a similar way to other direct-view tubes, with the 
exception that the mesh not only has secondary emissive 
properties but also has an induced conductivity effect. The 
tube contains three separate gun assemblies, a writing gun. 
a flood gun and a high energy erase gun. The electron beam 
from this erase gun is focused and used to erase selected 
areas of the mesh. It is also used to write non-stored 
information on to the storage mesh while other parts of the 
mesh are retaining stored information. 
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ETCHED-FOIL STRAIN GAUGES 
An important advantage of the etched- foil strain gauge 

is its suitability for use in situations where it would be 
difficult to mount a conventional strain gauge owing to the 
small area or awkward shape of the surface. This type of 
gauge takes the form of a miniature grid etched in thin 
foil, with a flexible backing which allows it to be bonded 
easily and effectively to the surface under test. Strain is 
determined by the change in resistance of the element. 
Technograph are manufacturing a range of these gauges. 

some of which are shown in the photograph. Two of their 
main features are: a low cross-sensitivity and a negligible 
temperature coefficient of sensitivity; i.e., the sensitivity 

A velection of Techno-
graph etched-foil strain 
gauges 

_I I? 
factor, ' remains constant over a wide range of 

temperature. 
The use of a homogeneous thin foil element reduces to 

a minimum the shear lag in strain transmission from 
surface to gauge. Due to the high ratio of contact surface 
area to conductor cross-sectional area, a high power input 
can be tolerated: in some circumstances the heat dissipation 
of the gauge may be limited only by the thermal capacity 
of the item under test. 

For further information circle 48 on Service Card 

MIL "  
1.11111, 

¡MUM 

Industrial Electronics July 1963 519 



In cases where time is not important radioactive materials 
often form a useful and inexpensive alternative to X-ray 
generators for such things as the radiographic inspection of 
castings and welds. Both conventional photographic and 
electronic methods of detection can be employed. 

USE OF RADIOACTIVE MATERIALS 

IN INDUSTRIAL RADIOGRAPHY 

By DENIS TAYLOR, M.Sc., Ph.D., M.I.E.E., F.Inst.P.• 

T
HE ready availability of radioactive materials 
produced by neutron-induced reactions in a chain-
reacting pile (or nuclear reactor) has led to the use 

of such materials in place of X-ray generators for industrial 
radiography. They are finding particular application for 
the radiography of castings, welds and other products of 
heavy engineering and are tending to replace X-ray sources 
since they are cheap, the running costs are negligible and 
they are very compact. The compactness of radioactive 
materials used as y-ray sources makes possible the examina-
tion of products and parts of products previously regarded 
as inaccessible to radiography and this has extended very 
much the applications of this inspection technology. 
X-ray sources can provide a continuous variation in 

energy and so the optimum penetrating power can be 
adjusted by variation of the applied voltage. This facility 
is not available with y-ray sources, since the y-rays produced 
by each radioactive isotope are of a fixed energy (or 
energies) characteristic of that nuclide. This means that 
different radioactive isotopes have to be employed for 

TABLE 1 

Nuclide 

Cobalto° 

Iridiumni2 

Thuliumn° 

lhi lt-1 itc 

s-3 years 

72 days 

127 days 

different purposes. Thus, the thicknesses of steel suitable 
for examination with Cobalto° (which emits y-rays of 1-12 
and 1-33 MeV energies) are 2 to 6 in., for examination with 
Iridiurni°2 (which emits 10 y-rays over a range of 0-14 to 
0-61 MeV energy) are 0-5 to 2-5 in., and for Thuliumn° 
(which emits y-rays of energies 0-2 to 0-36 MeV) are 0-1 
to 0-5 in. Thuliumn° is also useful for the examination 
of castings of light alloys. It is also necessary to consider 
the half-lifet of the nuclide. For this application a rela-
tively long-life is an advantage, so that replacement is not 
required too frequently. The half-lives of the nuclides 
mentioned above are given in Table 1. 

t See 'Nucleonics and Industry', Industrial Electronics. Vol I. pp. 18-21. October 
1962. 
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Principles of Radiography 

A radiograph is a photographic record produced by the 
passage of X-rays (or 'v-rays) through the object under 
examination. This is illustrated in Fig. 1. As will be 
apparent the dark regions on the photographic film when 
developed show the regions of greatest penetration and 
therefore this allows the presence of flaws, voids, inclusions, 
etc., to be investigated. 

It is usual to use intensifying screens in contact with each 
side of the film. Such a screen consists of a thin lead foil 
or a powdered fluorescent chemical, e.g. calcium tungstate. 
Under excitation of 'v-rays the lead foil produces secondary 
electrons which are detected by the film with high sensitivity, 
whereas the calcium tungstate converts some of the radia-
tion energy into visible light to which the film is highly 
sensitive. 

Mention was made above that Cobalt°0 was employed 
for the inspection of steel castings of from 2 to 6 in. thick 
and that other radioactive sources were employed for the 
inspection of thinner materials. The sources emitting less 
penetrating 'v-rays are used for the smaller thicknesses and 

* Plessey Nucleonics Ltd. 

Fig. I. Drawing illus-
trating fundamentals of 
radiographic exposure 

RADIO 
ISOTOPE 

SPECIMEN 
UNDER TEST 

-FLAW 

Industrial Electronics July 1963 



Radiographic inspection of large 
diameter fabrications. (Pantatron 
Limited) 

of a typical method of moving the radioactive source out 
of the shielded container when taking photographs and 
returning it to the container. 

produce better contrast in the photographic film for these 
thinner materials. 
The source strengths normally used are of the order of 

1 or 2 curies of radioactivity. This means that such sources 
cannot compete with large X-ray machines in times of 
exposure. Thus, radiographs can be obtained with X-radio-
graphy in the order of a minute, which might take half an 
hour to several hours with a one-curie source of -y-rays. 
However, this is not always a disadvantage. In many cases 
it is possible to inspect all the day's production at once 
during the night. This means arranging all the 
castings, etc., so that they are suitable distances 
from a central source. Each specimen under test 
is backed by a photographic film in a light-tight 
cassette, the distances being worked out so that 
when the y-ray source is placed in position, they 
each receive the right exposure to its radiations 
by the morning. The great advantage of this 
method is that no attention is required and the 
irradiation room can be kept locked overnight and 
the films collected for developing in the morning. 

It will be appreciated that y-radiography is not 
really a competitor to X-ray methods, it is a 
supplementary technique which extends its range 
of application and a cheap and efficient substitute 
when the time factor is not important; As already 
mentioned the greatest advantage in using small 
radioactive sources in place of X-ray machines lies 
in the portability and manceuvra..bility of the radio-
active source. The y-ray method of examination 
is particularly valuable when inspection 'in-situ' is 
required. Thus, y-radiography is the recognized 
method of testing welds in cross-country pipelines. 
A different application is shown in one of the 

photographs and in another are given some details 

Fig. 2. Inspection of rocket motors 
using scintillation counters 
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Use of Non-Film Detection Techniques 
It :s possible to employ ionization chambers, Geiger 

counters or scintillation counters in place of the photo-
graphic film, and for certain applications this is an advan-
tage. The technique has, for example, been employed for 
the detection of welding flaws, e.g. cracks and lack of 
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Typical apparatus for controlling exposure using long distance 
cable controls. (Pantatron Limited) 

penetration. in thin tubes. The method is to place the 
radioactive source inside the tube in a suitable U-shaped 
shielding positioned opposite the weld. The radiation detec-
tor is moved in synchronism with the rotation of the source 
(and the shielding), and the output of the detector, after 
suitable amplification, recorded on a pen recorder. From 
the inspection of the record, cracks. etc., are readily located. 

Perhaps the most elaborate system of this type which has 
been reported t is that used for the inspection of solid pro-
pellant rocket motors. This is shown in Fig. 2. A 

I: See C. R. French. A. D. Lucian and P. E. Underhill, 'Gamma Scintillation 
Inspection of Solid Propellant Rocket Fs otor'. Soc:ety of Non-Destructive Testing 
Conference at San Antarrio. Texas. 1960. 
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Cobaltw source is employed which can be raised and 
lowered and rotated through the body of the motor. A 
system of collimated scintillation counters is used around 
the upright motor and the output of these counters is 
analysed to provide information on the size and location 
of the defects. 
The recent development of solid-state radiation detectors 

of very small size will allow such apparatus to be made to 
provide even greater precision for the location of faults 
and it seems fairly certain that automatic pattern recog-
nition of this sort as a means of checking welds on products 
manufactured automatically will soon be with us. 
Apart from the use of radiation detectors in this way, a 

combination of radiation detectors and photographic film 
techniques is sometimes an advantage. This is the case, 
for example, in the examination of long welded steel tubes. 
Here the radiation detector is employed to position the 
radioactive source inside the tube, and once the source is 
in position, a photographic film wrapped around the weld 
is used to obtain a radiograph. Fig. 3 illustrates the prin-
ciples of the system. It will be noted that the detector 
is placed opposite the weld on the outside of the tube and 
the source is moved through the tube and positioned on the 
location giving the maximum response in the detector. 

Radiation Safety 

The methods of handling the radioactive sources require 
some comments. This is a specialist's subject § and can 
only be treated very briefly here. Small gamma-ray source; 

TABLE 2 

Dose Rate of a Number of Nuclides 

N uclide 

Cobalt60 

I ridium' 93 

ThuliumiTo 

Dose Rate per curie at 1 metre 

1-35 rads/hr 

0.5 rads/hr 

3-5 x 10 -3 rads/hr 

of the order of a curie or less can be handled by attaching 
them to a suitable remote handling equipment to withdraw 
them from the shielded container. In many cases it is 

See D. E. Barnes and D. Taylor, Radiation Hazards and Protection'. 2nd 
Edition. January 1963. Geo. Newnes Ltd.. London. 

Apparatus using solid-state detectors for 
positioning of radioactive sources. ( Pantatron 
Limited) 
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Fig. 3. Apparatus for positioning radioactive source inside a 
welded tube. After positioning a photograph is taken using a 
photographic film wound around the outside of the tube 

satisfactory for the source to be stored when not in use in 
a hole in the ground. In all cases, however, the radiation 
dose received by the operator must be kept below the 

maximum permissible levels which are laid down in the 
legislation!' introduced under the Factories Act. 

In almost all the applications of radiography it is possible 
to use sealed sources, so that the radioactivity cannot be 
dispersed, and only the external radiation hazard need be 
considered. A knowledge of the type and size of the radio-
graphic source allows the dose rate to be calculated. In 
this connection the figures given in Table 2 are of value. 
The dose rate at different distances of one metre may be 

calculated from the inverse square law, e.g. the dose rate 
falls off according to the inverse square of the distance 
measured in metres. Graphs can, therefore, be produced 
showing the actual values of the dose rate (in rads/hr) at 
different distances from the unshielded source in use, and 
dose rates greater than the maximum permissible level of 
100 millirads/week should be regarded as unsafe and the 
work planned so as to reduce the exposure of operators. 

In all cases, however, it is an advantage to have a dose-
rate meter so that actual tests can be made to check the 
safety of the set-up. 

H The Ionising Radiations ( Sealed Sources) Regulations 1961. 

MULTI-LINGUAL TANNOY SYSTEM 
The rapid growth of international conferences, symposia, 

etc., has brought an ever increasing need for combined 
simultaneous interpretation and public address facilities 
for delegates. Where the conference hall is a permanent 
one, it is possible to install a multi-way cable and output 
sockets to provide delegates with these facilities, but for 
temporary venues this is a costly proposition. 
To overcome this problem Tannoy have developed a 

6-channel public address radio system and the necessary 
equipment so that up to six languages can be broadcast 
simultaneously. 

Each installation basically comprises a transmitter, a loop 
aerial around the conference hall, a 6-channel receiver 
and earphones for each delegate and sound-proof booths 
for the interpreters. 

Transmitting Equipment 

The channel frequencies are 14 kc/s apart and crystal 
controlled, covering a frequency band from 80 to 150 kc/s. 
Audio signals from the floor and interpreters' microphones 
are fed into combined high gain comression voltage 
amplifier/modulator/oscillator units. Audio signals above 
a certain level are controlled to lie within a 2-dB range, 
thus maintaining a relatively constant audio signal input to 

the modulator. 
The r.f. outputs are combined and fed into a common 

An operator .supervising recording and 
transmitting equipment and monitoring 
actual transmissions with a 'delegate' 
type receiver. (Inset): A 6-channel 
'delegate' receiver. If desired two 
pairs of headphones may be operated 
from each receiver 
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linear power amplifier. Several power amplifiers may be 
fed from the r.f. signal line should it be necessary to feed 
more than one loop to cover an irregular-shaped hall 
adequately. 

The Receiver 

The delegate's receiver employs four semiconductors in a 
superheterodyne circuit. It comprises a ferrite-rod aerial, 
transistor oscillator/mixer, an a.g.c. controlled transistor 
i.f. stage, and a reflex 1.f. stage, fed from the diode detector, 
driving the output stage. An output transformer feeds 
two separate headphone sockets. A third socket is fitted 
to enable the nickel-cadmium battery to be recharged. 
The receiver is slung about the neck by a strap; it measures 

X 3 X 1-¡ in. and weighs 12 oz. It has two flush 
thumb operated controls, the 6-channel click-stop selector 
and the combined volume and on/off switch. 

Special cases have been designed to contain 60 receivers. 
Each case also incorporates a charger unit with a wide 
range of adjustment. 
The system is flexible and can be extended to provide 

facilities for up to many thousands of delegates. It pro-
vides them with complete freedom of movement within 
the service area. Such systems can be purchased outright 
or may be hired for specific occasions. 

For further information circle 49 on Service Card 
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1. Detachable Patch Panel 
Electronic Associates have announced 
a detachable patch panel for their 
PACE TR-10 transistorized analogue 
computer. Of modular construction, 
so that any changes in the complement 
of equipment can be readily accom-
modated, it is an advance on conven-
tional, fixed layout panels. 

Ease of patching is attained through 
the use of colour coding and large 
clear lettering. Component positions 
are clearly numbered for convenience. 
Since the panel is matched to the exist-
ing display layout, the usefulness of 
the computer without it is in no way 
inpaired: the user has, in effect, two 
patch panels. 
The cost of the patch panel for a 

second-order differential equation is 
£50. — Electronic Associates Ltd., 
Burgess Hill, Sussex. 
For further information circle I on Service Card 

2. Variable Frequency Power Supplies 
A.C.M. Electronics are producing a 
range of variable frequency power 
supplies designed for the testing of 
servo-mechanisms and other electrical 
systems. 
The standard range covers single, 

2- or 3-phase instruments, 25 VA per 
phase, with a frequency range from 30 
to 2,500 c/s in four steps with overlap, 
and with fine adjustment. 
Frequency drift is better than 1% 

per hour and harmonic distortion not 
more than 3%. Maximum output 
voltage is to customers' requirements. 
Input: 200 to 250 V, 50 c/s.—A.C.M. 
Electronics Ltd., 61 Osborne Road, 
Acton, London, W.3. 
For further information circle 2 on Service Card 

3. D.C. Differential Amplifier 
Benson-Lehner announce the intro-
duction of a last recovery', low level 
d.c. differential amplifier, Redcor 
model 371, for use in data acquisition 
systems. 
The 371, which is completely solid 
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state, provides the following features: 
Fast recovery from differential and 
common mode overload to 80 µsec, 
wideband common-mode rejection, 
bandwidth unaffected by gain change. 
The common-mode rejection ratio 
increases in direct proportion to the 
increase in amplifier gain. There are 
no transformers in forward or return 
paths. Line unbalance: 0 to 1,000 (1 
in either line. 
Other features include settling time 
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of 20 µsec to 0.01%, gain accuracy 
and linearity of 0.01%, gaussian noise 
distribution and input impedance of 
1,000 Mn. Dimensions of the unit, 
which is either rack-mounted or avail-
able in a laboratory carrying case, are 
8.5 by 1.66 by 19 in. and the weight is 
5 lb.—Benson-Lehner (G.B.) Ltd., West 
Quay Road, Southampton. 
For further Information circle 3 on Service Card 

4. Automatic Ultrasonic Drilling 
Machine 

A Czechoslovakian ultrasonic drilling 
machine is being marketed in the 
United Kingdom by The Selson 
Machine Tool Co. 
The VU- 15 can not only drill and 

cut hard and brittle materials, but can 
also make holes and impressions. 
Manufactured by Strojimport, this 
machine uses a reciprocating, not a 
rotating tool bit, and can thus be used 
for making round and profiled holes, 
trepanning, cutting plates and rods. 
engraving and etching. The materials 
which it will machine include glass, 

1 

2 



ceramics, ferrites, silicon, germanium 
and sintered carbides. 
The machine and the generator 

together weigh 318 lb. A pump and 
distributor, which are integral parts of 
the machine, supply the working fluid. 
—The Selson Machine Tool Co. Ltd.. 
Sunbeam Road, London, N.W.10. 

For further information circle 4 on Service Card 

5. Industrial Proximity Switches 
Mec-Test 'Proximitron' switches are 
solid-state inductive, ultrasonic or 
photoelectric devices designed to pro-
vide a high-speed. non-contacting, 
maintenance-free alternative to 
mechanical limit switches. The new 
designs are robust, self-contained units, 
and employ circuits which ensure long 
term temperature stability and a 
switching capability of 50 mA at 10 to 
12 V d.c. with high repetition accuracy. 

'Proximitron' switches, normally 
supplied with 10 ft of flexible 
armoured cable which may be ex-
tended to at least 250 yd, are par-
ticularly suitable for: (a) angular and 
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linear position control on rotary tables. 
machine tools and material handling 
systems; (b) production control pro-
cesses involving speed measurement. 
counting, batching, component flow. 
safety supervision, press clearance 
and tool breakage; (c) input to logic 
systems for the control of complex 
machine operations; (d) use in hazard-
ous atmospheres.— Mec-Test Ltd.. 218 
Dover Road. Folkestone. Kent. 
For further information circle 5 on Service Card 

6. Thermocouple Compensators 
Consolidated Ohmic Devices an-
nounces a series of self-powered, high 
performance thermocouple reference 
junction compensators. Each unit of 
this series can provide a reference 
temperature accuracy of + 1 °F for 
any specified thermocouple material 
for up to five years. This complete 
reference package provides the user 
with instantaneous warm-up, total 
isolation, and requires no external 
power supply of any kind. 
Thermocouple reference tempera-

6 

5 

tures above or below the ambient 
operating environments may be speci-
fied, although reference junctions are 
stocked with a standard 32 ' I' refer-
ence temperature. Immediately avail-
able are chromel/alumel, copper/ 
constantan, chromel/constantan and 
iron / constantan reference junctions 
compensating over the military 
environmental range of —40 to 
+212 ' F. Noble metal thermocouple 
compensators are available but not 
stocked. 
These epoxy encapsulated units have 

a diameter of f in. and lengths from 
1 I to 31 in. Weights vary from 8 to 
25 gm. Maximum input impedance 
is 220 IL—Consolidated Ohmic Devices 
Inc.. 900 Third A venue, New Hyde 
Park. N.Y ., U.S.A. 
For further information circle 6 on Service Card 

7. Flameproof Solenoids 
Decco Renco flameproof solenoids, 
suitable for use in areas where Group I 
(methane) and Group II inflammable 
gases and vapours are encountered, 
are now available from Expert Indus-
trial Controls. 
The flameproof housing, cast in 

`Meehanite GD', complies with 
BSS 229/1957 and Ministry of Power 
Certificates FLP 4346 and 4547. Any 
model from the Decco Teen series of 
industrial solenoids may be fitted into 
the casing giving strokes up to 1 in. 
with forces up to 10 lb at 1 in. and 
18 lb at quiet hold. 
The new flameproof solenoids are 

supplied with a plug-in connector, and 
adaptor plates to fit any valve. They 
are also suitable for connection by 
PILC or VIR cables and for Pyrotenax 
glands or conduit.—Expert Industrial 
Controls Ltd., Lount Works. Ashby-
de-la-Zouch, Leics. 
For further information circle 7 on Service Card 

8. Brushless Motor Generator 
The Kato Engineering Co. has 
developed a brushless rotating field 
type motor-generator set (Model 
05XSS) to isolate equipment from 
power line voltage fluctuations. The 
unit consists of a motor, generator, 
magnetic amplifier type exciter, and 
control equipment. 
A flywheel is employed on the motor 

end to limit generator speed-drop to 
below 180 r.p.m. for two seconds after 
complete loss of input power, thus 
allowing auxiliary equipment to begin 
functioning. Response time of the 
motor-generator set from no load to 
full load and vice versa, is within 
200 msec. Maximum dip or overshoot 
is within 20%. 
The generator illustrated is rated at 

525 



EQUIPMENT 
1111111111111111111111111111111111111111111111111111111111111111111111111111i11111111111111111111111111111 

review 
• 

10 kW, 123 kVA, at a 0-8 power factor. 
Output of the generator is 120/208 V, 
60 c/s. A -1";, slip induction type 
motor is used to drive the generator 
at 1.800 r.p.m. for full output continu-
ously. A brushless magnetic amplifier 
voltage regulator maintains the output 
voltage within 1 . Phase balance is 
within 1"4 at the rated voltage and 
speed and harmonic content of the 
output is less than 6 c„, total r.m.s. with 
a 3-phase balanced load. 
The motor-generator set is available 

iii several sizes other than those speci-
fied above.—Kato Engineering Com-
pany. 1415 First Avenue. 1 arikato 
Minnesota, U.S.A. 
For further information circle 8 on Service Card 

9. SSB Communications System 
To meet expanding demands for 
medium and long distance radio com-
munications, Labgear are manufac-
turing a range of transistorized single-
sideband equipment. 
The first two models are the 

LS100 100-W fixed station and the 
LSM100 100-W mobile station (illus-
trated). Both use identical all-
transistor plug-in receiver/exciter units 
providing selectable sideband opera-
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tion on four channels located any-
where in the range 2 to 15 Mc/s. 

In both fixed and mobile equip-
ments attention has been paid to 
servicing: comprehensive front panel 
metering is provided, together with 
numerous internal test points, and all 
stage sub-assemblies have been 
designed for easy withdrawal. 
Quick heating valves in the p.a. 

stage of the mobile equipment ard the 
use of transistors in all other stages 
keep the 'receive' current drain to a 
minimum. The ruggedly constructed 
power amplifier/power supply unit is 
housed in a hermetically sealed cast 
alloy case, secured to a shock-mounted 
carrier assembly. Fins in the casting 
provide radiation cooling for the p.a. 
valves. The small physical size cif the 
receiver/exciter unit enables it to be 
installed under the facia panel on most 
vehicles. — Labgear Ltd.. Cromwell 
Road. Cambridge. 
For further information circle 9 on Service Card 

10. Compression Jointing Kit 
BICC-Burndy are marketing the 
Hydent compression-jointing equip-
ment complete in handy kit form. This 
comprises the Y1OM Hytool incorpora-

ting wire cutters, wire strippers and 
bolt cutters and 200 Hylug connectors 
in three popular sizes. The latter are 
available with various stud-hole sizes 
and cover a range of conductors from 
14/0-0076 to 7/0-036. (Tools and 
connectors are available for a range 
of conductors up to 1-5 sq in.). 
The Hydent kit is sold in a compact 

metal container (10 in. long by 21 in. 
square) and is priced at £4 19s. 6d. net. 
—BICC-Burndy Lui., Prescot, Lancs. 
For further information circle 10 on Service Card 

11. Tape Recorder 
A tape recorder in which the head 
block can be reversed by the user at 
will, to meet both the Anglo-American 
standard which uses tapes wound with 
the oxide surface on the inside and 
the European standard using tapes 
with the oxide surface on the outside, 
is announced by E.M.I. Electronics. 
The type 311 professional tape 

recorder will accommodate 111 in. 
diameter European spools, in addition 
to all other types and sizes. The 
mechanical unit is available separately, 
so that it can be used with other elec-
tronk units. A three-way switch will 
select N.A.B.. C.C.I.R. or E.I.C. equal-
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izing characteristics. — EM.!. Elec-
tronics Ltd.. Hayes, Middlesex. 

For further information circle II on Service Card 

12. Miniature Recorder 
Budgen Instruments are to provide a 
U.K. sales and servicing organization 
for the Amprobe miniature recorder. 
This recorder is designed to indicate 

microamps or volts and is available in 
12 models for specific purposes cover-
ing thermocouples, resistance bulb 
thermometers, snap-on split-core cur-
rent transformers and pyrometer or 
oven outputs. In some instances trans-
ducers can be provided with the 
recorder. 
The instrument is essentially for 

recording slowly varying a.c. or d.c. 
signals, being built with one fixed 
paper speed which can be chosen 
between 1 and 12 in./hr. Inscription 
is by means of a pressure stylus which 
marks the paper with a repetition rate 
of up to one mark every 5 sec. The 
chart length is 30 ft. 
Under development is a panel 

mounted model complete with a paper 
re-roll unit for installation in the 
factory and a battery driven model for 
operation in the field. The cost (with-
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out transducers) varies between £30 
and £40 including import duty. Charts 
will be printed in the U.K. and cost 
less than 10s. each.—Budgen Instru-
ments Ltd.. 25a Tangier Road, 
Guildford. Surrey. 
For further information circle 12 on Service Card 

13. Compact Level Switches 
Thorn announce the introduction of 
their Nivopilot S.C. series of level 
switches for use in liquids, powders, 
granular solids and bulky solids. 

These capacitance switches are 
designed to meet the demand for a 
robust and reliable material measuring 
instrument at reasonable cost. They 
are completely transistorized and 
stabilized against mains variations. 
The control circuitry is mounted 
within a light alloy die casting, which 
forms a dust- and splash-proof mount-
ing head for the electrode. 
The Nivopilot can be used for upper 

or lower limit control ; a red light in 
the instrument head provides a local 
indication that the desired level has 
been reached. A set of heavy duty 
changeover contacts is brought out for 
control purposes and the instrument 
is supplied with four different types of 

electrode, depending on the applica-
tion.—Thorn Electrical Industries Ltd. 
(Electronics Group), 105-109 Judd 
Street. London, W.C.1. 
For further information circle 13 on Service Card 

14. Radiation Mondor 
To meet a demand for a versatile 
radiation monitor. Bendix Ericsson 
U.K. have produced a modified version 
of the A.E.R.E. Harwell radiation 
monitor type 1320C. Marketed under 
the type number 1320X, this monitor 
is to the same electrical specification as 
the 1320C, with the addition of an 
X-ray range covering the 10 to 25 keV 
energy band. The instrument is self-
contained, easily transportable, and is 
operated from six Mallory cells which 
provide approximately 50 hr continu-
ous use. 
The monitor unit is of the integrated-

count ratemeter type, count- rate being 
displayed on an m.c. meter over three 
ranges having f.s.d. corresponding to 
0 to 10, 0 to 100, or 0 to 1,000 counts 
per sec. Audible indication of count-
rate is provided by plug-in headphones. 
The complete equipment comprises 

the monitor unit,. alpha probe unit, 
beta-gamma probe un:t, X-ray probe 
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unit, headphones, connector and 
universal key, all contained in a strong, 
easily decontaminated waterproof 
haversack made from p.v.c. covered 
fabric.—Bendix Erricsson U.K. Ltd., 
High Church Street, New Basford, 
Nottingham. 
For further information circle 14 on Service Card 

15. Synchro/Resolver Bridges 
A series of Theta panel-mounted 
synchro and resolver bridges has been 
designed for the rapid measurement 
of electrical error. The bridges, 
designated as series 11C, generate an 
output voltage which is linearly pro-
portional to the electrical error of a 
synchro or resolver. A single detented 
control operates the bridge and some 
models contain a rotary solenoid to 
advance the bridge position auto-
matically. 
Accuracy: to 2 sec-of-arc. Interval: 

5°. Line-to-line impedance: standard 
10 kn. Size: 54 by 54 by 7 in. deep. 
—Theta Instrument Corporation, 520 
Victor Street, Saddle Brook, NJ., 
U.S.A. 
For further information circle 15 on Service Card 

16. Mobile Ultrasonic Cleaning Unit 
To facilitate on-the-spot ultrasonic 
cleaning Dawe have introduced the 
mobile Soniclean unit type 1173. 
The type 1144 25 kc/s generator is 

pulsed at twice mains frequency and 
gives 300 W average (600 W peak) out-
put. The cleaning tank with an 
integral 1-kW heater has a capacity of 
4 gal. Internal dimensions: 14 by 9 
by 12 in. deep. 
Generator and tank are housed in a 

stainless steel cabinet mounted on 
castors, with overall dimensions of 
42 by 25 by 38 in. high. Total power 
requirement: approx. 1-9 kW at 
200-250 V, 50-60 c/s.—Dawe Instru-
ments Ltd., Western Avenue, Acton, 
London, W.3. 
For further information circle 16 on Service Card 

17. Instrument Loads 
Telonic have announced a series of 
50-1/ load mismatches operating over a 
frequency range of d.c. to 3 Gc/s with 
a tolerance of 5%. 

Designed for general purpose 
coaxial termination and loading ap-
plications, these devices are avaMable 
in 13 different values. The standard 
match, rated at 50 1/ with a v.s.w.r. 
of 1-0, plus 12 different mismatches 
from 1-1 to 2-0 v.s.w.r., make up the 
series. 
Power rating of the Telonic TRM-1 

mismatches is 0-5 W maximum. 
Standard versions have type N female 

528 

EQUIPMENT 

111H1111111!11111111111111111111111911111111111111111111111111111111111111t1111111111111111111111111111 

review 

17 

connectors. Special models with other 
v.s.w.r. values and/or connectors may 
also be specified.—Livingston Labora-
tories Ltd., 31 Camden Road, London, 
N.W.I. 
For further information circle 17 on Service Card 

18. 10 Mc/s Transistorized Timer Counter 
Advance Components announce the 
introduction of a new transistorized 
timer counter, the type TC10, designed 
for the measurement of frequency, 
period and time, and for the counting 
of regular or random electrical pulses 
at a maximum rate of 10 million per 
sec. 
The display consists of a row of in-

line indicators which provide a 7-figure 
number plus a decimal point and a 
unit caption to show the units of 
measurement in use. The display time 
on 'auto' is nominally 1 to 5 sec, or 
indefinitely when set to 'manual', 
and display accuracy is ± 1 count 
+ accuracy of standard. 
Any time not less than 0-5 µsec can 

be measured, but the maximum time 

that can be displayed is 108 sec. A 
10 Mc /s temperature-controlled crystal 
oscillator provides the internal stan-
dard reference frequency to an 
accuracy of + 1 part in 107 at an 
ambient temperature of + 25 `C and 
+ 2 parts in 107 over the range of + 10 
to +40 °C. An alternative crystal 
standard is available with an accuracy 
of + 2 parts in 108. These standards 
also provide output timing pulses at 
9 standard repetition frequencies by the 
use of frequency dividers. Self-check-
ing facilities are built-in to test the 
operation of both counter chains. 
Frequency measurements can be car-
ried out with a sensitivity ranging from 
100 mV to at least 250 V r.m.s. When 
external control is required, 'start' and 
'stop' may be carried out with positive 
going pulses between 2 V and 10 V 
peak and reference 'earth'. 

Power requirements are 90 V to 
130 V or 200 V to 240 V, 40 c/s to 
100 c/s. Consumption is approxi-
mately 40 W. Dimensions are 18 in. 

(Continued on page 529) 
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l'or Huffier information circle 232 on Scnice ard 

Graphic display panels have an important part to play in control, 
processing and supervisory systems but present techniques pose 
certain difficulties regarding layout and construction. Solid state 
electroluminescent lamps on the other hand offer many new features 
which make them ideal for this type of display. Construction is simple 
because they have little thickness and weight and can be made to 
display a cho:ce of colours in any configuration, even in close 
proximity. This is particularly useful in desk type displays calling for 
detailed information in a restricted area. Simulated switching action, 
flow, level indication and other animation is readily achieved by 
suitable symbolism with good visibility under normal lighting 
conditions and at extremely wide viewing angles. Being solid state 
devices these lamp units will be of special interest to those concerned 
with vital industrial processes where catastrophic failure cannot 
be tolerated. 
If you want a new angle on graphic display, then have a word with 
us now—it may be helpful. 

Physics Division, 
Technical Services Dept., 
Beeston, Notts. tel : 254831. 

ERICSSON TELEPHONES LIMITED 

ETELCO LIMITED 

ERICSSON TELEPHONES LIMITED • ETELCO LIMITED • Head Office: 22 LINCOLN'S INN FIELDS • LONDON WC2 • Telephone: HOLborn 6936 
ERS5 
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For further information Circle 233 on Service Card 

SPECIFY RELIABILITY WITH ... 

Rugged, sub- miniature 
all- glass construction 

Low leakage 

Operation up to 90 C 

Actual size 

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

 —1 

Germanium General Purpose and Computer Diodes 

• High forward 
conductance 

• Max. Average power 
dissipation-80mW 

• Nominal 
capacitance-
0-2pF —10V 

• Extremely high 
forward 
conductance 

• Max. stored charge 
350pC 10mA 

• Nominal 
capacitance-
0.4pF —10V 

• Max. average 
power dissipation 
80mW 

• High forward 
conductance 

• Typical stored 
charge (rr 10mA— 
HD 1810 ... 125 PC 
HD 1840/1 .. 110 PC 
HD 1870/1 .. 66 PC 

• Nominal 
Capacitance 
1.5pF (a 1V 

HG 10 

HG 50 

H0 18 

POINT-CONTACT GENERAL PURPOSE DIODES 

CV448 

CV7041 

CV7130 

Max. D.C. or Min. Forward Max. Reverse 
Type P.I.V. Mean Forward Current (r. IV Current . 

Current —50V 
(mA . 25°C) (mA) (,,A . 25 C) 

HG1005 100 45 5 50 
HG1006 100 45 5 100 
HG1012 75 45 5 100 

GOLD-BONDED COMPUTER DIODES 

CV7076 

CV7127 

CV7128 

Type 
Min. 
Breakdown 
Voltage 

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

Max. Forward 
Voltage 

(. 100mA) 

Max. Reverse 
Current . 
25' C 

(,‘A we V) 

1 H G5003 100 100 0.8 25 —50 
HG5004 70 100 OS 25 —50 
HG5008 40 100 OS 25 —30 

FAST RECOVERY COMPUTER DIODES 

CV 

Approval 

Pending 

Type P.I.V. 
Max Forward Voltage 

10mA (,,t 100mA 

Max. Reverse 
Current —10V 

(25"C) 
HD1810 
HD1840 
HD1841 
HD1870 
HD1871 

50 
30 
20 
15 
10 

0.45 
0.45 
0.45 
0.42 
0.42 

0.75 
0.70 
0-70 
0.70 
0.70 

5/.A 
10/.A 
20/.A 
15mA 

200A (. —5v) 

Write now for complete data on the 
full range of Hughes semi-conductor 
products, which also includes:— 

Silicon General Purpose and Computer Diodes 
Silicon Power Diodes and Rectifiers 

Voltage Reference Devices 
High Voltage Cartridge Rectifiers 

Voltage Variable Capacitors — or ask for a Sales Engineer to call 
PNP and NPN Silicon Transistors 

I HUGHES INTERNATIONAL ( U.K.) LTD I 
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wide by 13 in. high by It in. deep and 
the weight is about 35 lb.—Advance 
Components Ltd., Roebuck Road, 
Hainault, Ilford, Essex. 
For further information circle 18 on Service Card 

19. Miniature Thermocouple Connector 
The range of miniature thermocouples 
and associated equipment available 
from Spembly has been extended by 
the development of a thermocouple 
connector. 

This unit can be fitted to all the 
available miniature mineral-insulated 
thermocouple cables now being pro-
duced, down to 0.010 in. diameter. 
The connector itself is 24 in. long by 

in. diameter. 
The two halves of the miniature 

connector are designed so that reversal 
of polarity is impossible: on being 
coupled, the two component parts lock 
together by means of a spring collet 
device which provides a positive load-
absorbing junction between the 
thermocouple cable and its compen-

sating or continuation leads. The 
conductor pins and sockets are manu-
factured from thermocouple material. 
thus minimizing stray e.m.f. effects.— 
Spend)ly Ltd., New Road Avenue, 
Chatham, Kent. 
For further information circle 19 on Service Card 

20. Printed-Circuit Connectors 
A series of 11, 17 and 23-pin sub-
miniature printed-circuit plugs, recep-
tacles and adaptors for interconnecting 
wiring and p.c. boards has been 
introduced by Raytheon. 
The new plugs and receptacles are 

polarized to prevent cross-matching, 
while knurled finger-grip areas on the 
plugs facilitate safe and easy removal 
of p.c. boards. Mating receptacles are 
available with hold-down clips for 
secure mounting despite shock and 
vibration. 
Adaptor styles for joining dip or 

flow soldering p.c. sub-units directly 
to master boards are also offered with 
optional hold-down rivets. All devices 

18 

19 

20 21 

Industrial Electronics July 1963 

in the series are spaced for standard 
0.100 in. grids and feature low elec-
trical resistance. — Raytheon-ELSI, 
S.p.A., Piazza Cavour 1, Milano, Italy. 
For further information circle 20 on Service Card 

21. Valve Simplifies SSB Transmitters 
A reduction in the number of driver 
stages required in s.s.b. transmitters is 
made possible by a 5-kW tetrode (type 
number YL1120) introduced by 
M ullard. 
A new form of grid configuration 

is used to give a highly linear char-
acteristic. As a result, 5 kW of peak 
envelope power can be obtained with-
out grid current or r.f. feedback, with 
an intermodulation product level of 
38 dB. 
Under typical two-tone operating 

conditions at a frequency of 60 Mc/s 
the YL1120 requires an anode voltage 
of 5 kV, a screen-grid voltage of 800 V 
and a control-grid voltage of 175 V. 
Under these conditions the anode 
current is 1-3 A and the peak envelope 
power 5-8 kW. Forced air cooling is 
necessary.—Mullard Ltd., Mullard 
House, Torrington Place, London, 
W.C.1. 
For further information circle 21 on Service Card 

22. A.C.-D.C. Converter 
Alternating voltage measurement to 
an accuracy of 0.05% is achieved 
with the Digital Measurements a.c.-d.c. 
converter, DM2140. This instrument, 
although designed primarily for use 
with the DM2001 and DM2020 digital 
voltmeters, is completely self-contained 
and can be used with other d.c. volt-
meters. 
The DM2140 comprises an 1.f. 

amplifier and a mean detector, to-
gether with an associated power supply. 
The complete equipment is supplied 
either in a cabinet for bench operation 
or as a 19 in. rack-mounting assembly. 
Four ranges are provided, covering 
15 mV to 200 V, and an external 
attenuator can be supplied to extend 
the range to 1,500 V. The d.c. output 
corresponds to the rectified mean of 
the input voltage and is r.m.s.-cali-
brated for a sine wave. 
The input impedance is 1 Mg in 

parallel with 50 pF (nominal) and is 
matched on all ranges; an additional 
switch position is provided for an 
input impedance of 10 Mn on the most 
sensitive range. An accuracy of 
+ 0-05% f.s.d. or + 0.1% of reading 
(whichever is the greater) from 30 c/s 
to 1 kc/s and + 0-25% up to 10 kc/s 
is achieved, and usable accuracies 
obtain over a much wider range; the 
response is less than 3 dB down at 
100 kc/s. Calibration is facilitated 
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by the incorporation of a built-in a.c. 
standard. Switched filtering enables 
the time constant to be reduced when 
voltages at the higher frequencies are 
being measured. — Digital Measure-
ments Ltd.. 25 Salisbury Grove, 
Mytehett, Aldershot, Hants. 
For further information circle 22 on Service Card 

23. Transistor Marine Radar 
The D 202 transistor marine radar 
has been announced by Decca Radar. 
The makers claim that with its small 
size, low power consumption and low 
cost, it makes the fitting of modern 
radar a practical and economic pro-
position for every class of vessel. 

This compact and lightweight equip-
ment. with a 4- ft slotted-waveguide 
aerial, and weighing only 77 lb, pro-
vides a 74- in. diameter display and 
incorporates six range scales from 1- to 
24 n.m. Two pulse widths are auto-
matically switched according to the 
range scale: a 0-1 iLsec pulse for high 
picture quality in confined waters and 
a 0-5 psec pulse for solid echoes at 
long ranges. The frequency band is 
9,445 + 35 Mc/ s. 
The gearbox and scanner unit may 

be mounted directly on the wheel-house 
roof, or on a pole mast: standard 
masts with integral wiring are avail-
able, either 2, 4 or 6 ft in height. The 
display is suitable for pedestal, bulk-
head, shelf or deckhead mounting. All 
controls for the radar are located on 
the display unit and the five critical 
controls are arranged so that they can-
not be accidentally misaligned. Power 
supplies are provided either by a motor 
alternator with an integral voltage 
control unit, or by means of a static 
inverter for 24 volt d.c. installations.— 
Decea Radar Ltd., Decea House, 
Albert Embankment, London„S.E.1. 

For further information circle 23 on Service Card 

24. Phase and Continuity Indicator 
The Martindale 300/500 cycle phase 
and continuity indicator, developed for 
use in the aircraft and electronics 
industries, performs four functions: 
(a) determination of continuity of 
supply; ( b) identification of faulty 
lines if continuity is not proved; (c) 
confirmation of correct connection of 
phases; (d) identification of the phase 
of an unmarked lead. 

This instrument contains no moving 
parts and incorporates five neon tubes, 
arranged in two rows, three at the top 
and two at the bottom. The top row 
of tubes lights up to indicate continu-
ity and the bottom row shows the 
order of phasing. All the electrical 
parts are contained in a robust, plastic 
case with a transparent front covering 
the neon tubes. 
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Leading from the instrument is a 
three-core flexible cable terminating in 
three leads: each lead incorporates a 
detachable prod which will fit into 
multi-pin socket connectors. 
The Martindale 300/500 phase and 

continuity indicator is available ex 
stock and costs £5 5s. complete with a 
wallet holder.—The Martindale Elec-
tric Co. Ltd., Movitex House, Empire 
Way, Wembley, Middlesex. 
For further information circle 24 on Service Card 

25. Differential Polarograph 
A new version of the Davis differential 
cathode-ray polarograph is in produc-
tion at Southern Analytical. Improve-
ments embodied in the type A1660 
include: (1) an extra stage of ampli-
fication and increased feedback giving 
better long term stability and freedom 
from overload distortion ; (2) improved 
cooling to improve reliability under 
tropical conditions; (3) new positive 
protection circuits for the meter and 
electrode systems giving increased 
safety in the event of an electrical 
failure; (4) new correction circuits to 
allow for alignment errors in cathode-
ray tube manufacture; (5) new surface 
finishes for increased corrosion resis-
tance. 
Trace analysis at the 0.01 p.p.m. level 

is a routine procedure which includes 
complete cancellation of reagent 
blanks; a precision of better than 
0.1% can be achieved with many types 

of sample using the standard electrode 
system. 
A complete installation costs less 

than £1,500 and is backed by a com-
prehensive maintenance scheme in 
England and Wales. — Southern 
Analytical Ltd., Fritnley Road, Cam-
berley, Surrey. 
For further information circle 25 on Service Card 

26. Flowmeter Integrating Unit 
Meter- Flow have recently developed 
an integrating unit for use with their 
range of impeller meters. This instru-
ment has the facility for matching any 
fiowmeter (bore size to 16 in.) in 
units of gallons, litres, cu m, etc., 
with an overall accuracy of 01 % or 
better. 
The unit is completely transistorized 

and suitable for use on 230 or 110 V, 
50/60 c/s supply. Other systems are 
at present under development for 
applications on road tankers, etc., 
suitable for use on 12 and 24 V 
batteries with extra print-out facilities. 
—Meter-Flow Ltd., North Feltham 
Trading Estate, Felt ham, Middlesex. 
For further information circle 26 on Service Card 

27. Illuminated Pushbutton Units 
Londex have announced the 'Variotast' 
series of illuminated pushbutton con-
trol units which can have up to 11 
stages. Each button operates contacts 
of the enclosed snap action type, single-

29 
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or double-pole and rated up to 10 A 
at 250 V a.c. 

Pushbutton colours can be white, 
red, green or yellow, in any combina-
tion. Inside each pushbutton is a low 
voltage lamp wired to its own terminals 
so that it can be illuminated accord-
ing to the circuit requirements for 
each position. 
A variety of actions are available 

with individual or common interlock 
or a two-step operation.—Londex Ltd., 
207 Anerley Road, London, S.E.20. 
For further information circle 27 on Service Card 

28. Ultrasonic Cleaning Unit 
Kerry's have announced an 80-kc/s 
cleaning unit with a peak power output 
of 320 W. The generator, which is 
self-tuning, will drive either the 3-pint 
bath shown on the photograph, or two 
generators can be arranged to drive a 
6- pint bath. Both the cleaning baths 
are of high quality stainless steel 
mounted in a stove-enamelled frame, 
and may be used for a wide range of 
solvent and water-based cleaning 
applications. This equipment should 
be eminently suitable for the small 
producer or for laboratories, etc., as it 
is robust, easy to service, and reason-
ably priced. — Kerry's (Ultrasonics) 
Ltd.. W arton Road, Stratford, London, 

For further information circle 28 on Service Card 

29. Portable Television Tape Recorder 
The Ampex VR-1500 Videotape tele-
vision recorder is designed to extend 
the range and value of teaching staffs 
and instructional material. It can 
easily be integrated into closed-
circuit television systems, enabling the 
recorded instruction to be viewed 
simultaneously in many rooms or 
buildings. 
Costing under £5,000 and weighing 

approximately 130 lb, the VR-1500 
features a single control switch for all 
operating modes including record, 
reproduce, fast forward and rewind. 
A single head and helical scan record-
ing technique instead of the transverse 
scan technique, provides for increased 
head and tape life. 

This compact fully transistorized 
recorder has a tape speed of 5 in./sec 
and records 64 min of programming 
on a single 8-in, reel of standard 2 in. 
wide video tape. — Ampex Great 
Britain Ltd., 72 Berkeley Avenue, 
Reading, Berks. 
For further Information circle 29 on Service Card 

30. Alarm Units 
Thomas Industrial Automation are in 

>  full production of their standard alarm 
units intended for use in conjunction 
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with all types of industrial instrumenta-
tion to provide visual and audible 
alarm when danger conditions arise. 

Units can be supplied to cover any 
number of alarm channels to meet 
customers' requirements, and each 
alarm channel is fitted with its own 
'alarm' and 'cancel' relays. Irrespective 
of the number of channels covered, 
only one cancel alarm pushbutton is 
required, and the audible alarm can 
be cancelled from either local or 
remote stations. 
The alarm units are in sheet steel or 

cast iron cases, and are wall-mounted. 
Standard power supplies are 110 or 
240 V, 50 c/s. The size of a typical 
2-point alarm unit is: width, 5-,;- in.; 
height, 7,1 in.; depth, 5 in. — Thomas 
Industrial Automation Ltd.. Station 
Buildings, Altrinchant, Cheshire. 
For further information circle SO on Service Card 

31. Semiconductor Load Cell 
J. Langham Thompson announce the 
development of the new semiconductor 
load cell type BCL2 and indicator 
unit. With load ranges from 0 to 50, 
100. 200 and 500 lb this battery-
powered portable equipment exploits 
the high sensitivity of silicon piezo-
resistive strain gauges, which provide 
adequate power to drive a 1-mA mov-
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ing-coil indicator. Overall accuracy 
is better than 1 and the operating 
temperature range is —20 to +60 °C. 
The compression load cell is a 

bonded strain gauge type with a 
diaphragm stress member which is 
centrally loaded via an internally 
threaded boss. P-type silicon piezo-
resistive gauges bonded to the 
diaphragm are connected as a 4-arm 
fully-active bridge to sense the strain 
induced by loading. This form of 
construction results in a cell of 
minimum overall height, making it 
suitable for many applications where 
there is restricted headroom. A pair of 
integral lugs is provided for mount-
ing, and mechanical coupling is by 
means of a in. u.n.f. internal thread. 
The indicator unit is housed in a 

compact robust case which incor-
porates meter, battery supply, zero 
control and span control. There is 
provision for checking the calibration 
of the system in the event of aging of 
the 9-V battery supply. Battery life is 
120 to 160 hr. 
Applications of this equipment 

include weighing, monitoring the 
bearing-pressures in calendar machines, 
and measuring the force applied to a 
die during a drawing process. The 
photograph shows a unit developed 
for the Ford Motor Co. for measuring 
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the operating forces on motor car 
control pedals. The basic price is 
£112.-1. Langham Thompson Ltd.. 
Park Avenue, Bushey, Her 
For further information circle 31 on Service Card 

32. Photomultiplier Tube 
A recent addition to the E.M.I. range 
of photomultiplier tubes, the type 9660, 
is a 9-stage 'squirrel cage' design hav-
ing an opaque caesium-antimony 
photo-cathode with an S5 spectral 
response. 

In contrast to other types of E.M.I. 
photomultiplier 1ube, the 9660 is 
sensitive to radiation through its side 
wall, which is made of u.v. transmitting 
glass. This gives a spectral coverage 
from approximately 2,000 to 6,700 A 
with a peak at approximately 3,500 A. 
The high gain and low dark current 

which characterize this tube make it 
particularly suitable for low level u.v. 
and visible radiation spectrometers. It 
has a B14B pressed glass base, for 
which a p.t.f.e. socket can be supplied. 
A quartz envelope version, type 

9662, can be supplied to extend the 
short wavelength coverage to approxi-
mately 1,700 A. The type 9661. an 
overcapped version of the type 9660, 
has a small shell sub-magnal 11-pin 
base and will operate as a direct 
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equivalent of the RCA 1P28.—E.M.I 
Electronics Ltd., Hayes, Middlesex. 
For further information circle 32 on Service Card 

33. Valve Volt-Ohm Meter 
The Philips GM6001 is a universal 
instrument which offers features such 
as small zero drift, high stability and 
floating input, for the price of £90. 

Direct voltage measurements can be 
made in eight ranges from 300 mV to 
1,000 V f.s.d. (30 kV with optional 
E.H.T. probe) with an input resistance 
from 10 to 1,000 mn. Alternating 
voltage ranges cover 1 to 300 V f.s.d. 
in six ranges, and the frequency 
response is within 1-5 dB from 20 c/s 
to 1,000 Mc/s. Resistance measure-
ment ranges are from 1 ft to 1,000 mu. 
The stability is such that fluctuations 
of up to 10% in the mains supply pro-
duce no observable change in the meter 
reading. 
The input may be floating, the 

maximum permissible potential be-
tween the 'low' side of the signal input 
and earth being 300 V. For measure-
ments on discriminators, bridges and 
similar circuits, a special switch posi-
tion is provided for changing the meter 
to 'centre zero'. There is also a cali-
bration socket from which a stabilized 
0-3 V may be taken for a rapid check 
on the overall functioning of the 
instrument.—Research and Control 
Instruments Ltd., Instrument House, 
207 King's Cross Road, London, 
W.C.1. 
For further information circle 33 on Service Card 
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34. Circuit Modules 
Packard Bell has added five new 
modules to its 3 MC module line: 
They include a DG109 diode gate, 
NAI00 NAND circuit, ST100 Schmitt 
trigger, and THOO and TI101 inverters. 

In addition to the new units, the 
line includes flip-flops, input gates, 
emitter followers, amplifier gates, clock 
drivers, clock generators, shift registers. 
and amplifier inverters. 
The modules are of high-density 

35-pin design and incorporate derated 
micro-alloy-diffused transistors and 
gold-bonded germanium diodes with 
single-sided etched circuitry on fibre-
glass epoxy boards. — Packard Bell 
Computer, 1905 Armacost Avenue, 
Los Angeles 25. California, U.S.A. 
For further information circle 34 on Service Card 

35. Electro-Hydraulic Crimping Unit 
Hellermann have introduced a new 
portable electro-hydraulic crimping 
machine to enable the maximum sav-
ing of production time for their 0-03 
to 1 sq in. range of heavy duty ter-
minals. This unit, which is wheel 
mounted, measures only 44 by 24 by 
22 in. and is available with 12 and 30 
ton heads with interchangeable dies. 
Compression is automatically con-
trolled and a complete compression is 
performed regardless of the operator's 
skill. Operation is by a foot micro-
switch or at the crimping head, thus 
enabling terminals to be crimped up 
to 20 ft from the main unit. Each 

36 

switch allows the fine control of 
`inching'. 

Built-in safety devices include an 
emergency stop button, which stops 
the crimping operation and releases 
pressure on the dies, and indicator 
lights to show when the pump is on 
and when the dies are open. The top 
of the unit forms a convenient work 
top, and storage space is provided for 
dies not in use. 
The Auto Crimp is robustly con-

structed and operates at 230/250 V.— 
HeHermann Terminals Ltd., Gatwick 
Road. Crawley, Sussex. 
For further information circle 35 on Service Card 

36. Acrylic Spray Coating 
A clear acrylic spray coating in 
aerosol dispensers is now available in 
the U.K. through Wentworth & Co. 
This is manufactured by Krylon, Inc., 
U.S.A., and is known as `Krylon 
Crystal-Clear'. It is intended as an 
easy-to-apply protective coating for 
almost anything. Krylon is particu-
larly suitable for electronic compon-
ents and equipment since its dielectric 
constant is 3-2 to 31 (at 1 kc/s) and 
the specific resistance is 1010 n/cm3.— 
F. & G. Wentworth & Co., 11 Bruton 
Street, London, W.1. 
For further information circle 36 on Service Card 

37. Universal Counter 
A crystal controlled universal counter 
by Research Electronics, model 5543A, 
combines the functions of ( 1) a scaler 
or counter for counting regular or 
random pulses or events, (2) a chrono-
meter for the measurement of elapsed 
time from 100 ,usec to 1,000 sec and 
the period of waveforms over 1, 10 or 
100 cycles, and (3) a frequency meter 
for the measurement of events per unit 
time up to 10 kc/s and for precision 
tachometry. One-sec timing contacts, 
standard frequency outputs, an auto-
matic reset timer for continuous 
monitoring, and a timing ruler for 
oscilloscope photography calibration 
are also included. 

Separate controls are provided for 
'start' and `stop' permitting any com-
bination to be selected. A 'lock' gate 
with an overriding switch permits 
either 'single-shot' or cumulative tim-
ing, as required, even from continu-
ously repeating input waveforms. A 
separate gating system is provided for 
operation solely from contacts: this 
gives further facilities for short-circuit 
and open-circuit start and stop from 
one or two pairs of contacts.— 
Research Electronics Ltd., Bradford 
Road, Cleckheaton, Yorks. 
For further information circle 37 on Service Card 

533 



A constant-voltage transformer is described which, in con-
junction with filters and an electronic harmonic-extractor, 
provides an exceptionally pure output waveform. An out-
put stable within 0.2% for input variations of 15% is 
obtained with a harmonic content of 1%. 

LOW-DISTORTION 

CONSTANT-VOLTAGE 

TRANSFORMER 

By I. K. CHOUDHURY, M.Sc., M.Sc.(Tech.), 

and S. N. BHATTACHARYY A, M.Sc., M.E.E. 

C
ONSTANT-VOLTAGE transformers' -5 are robust 
and inexpensive alternating voltage stabilizers of simple 
design. They are popularly used in small laboratories 

and industrial and educational institutions for mains voltage 
stabilization, and are commercially available in several 
sizes up to about 10 kVA. The stabilization obtained by 
previous investigators of this type of equipment is of the 
order of ± 1 % for ± 15 % input fluctuations. This order of 
performance may be suitable for many applications but is 
inadequate for precision electrical measurements. A serious 
defect of constant-voltage transformers from the measure-
ment point of view is the large distortion of the output 
waveform. This is due to the use of saturable reactors in the 
circuit, and distortions as high as 25% are quite common. 
Filters and other types of circuit are often used for reducing 
the distortion and commercially available equipment has 
been found with the distortion reduced to about 5%. 
The objective of the present work was to design a constant-

voltage transformer having an appreciably higher order of 
stabilization and lower distortion. A 220-V, 250-VA stabilizer 
was designed which gave stabilization better than ±0-2% 
for ± 15 % input fluctuation at full load, the total harmonic 
content in the output wave being about 1 % only. A special 
harmonic elimination principle,' was utilized for the reduc-
tion of harmonic content to this order. It is considered 
that the equipment will serve as an inexpensive high grade 
voltage stabilizer for use in a precision electrical-measurements 
laboratory. 
The present stabilizer consists of the following basic com-

ponents ( i) the main stabilizing unit, (ii) the series-resonant 
harmonic filters and (iii) the electronic harmonic extraction 
unit. The circuit arrangement is shown in Fig. 1. 

Main Stabilizing Unit 

Constant-voltage transformers are usually based on the 
simple non-linear potential divider circuit shown in Fig. 2(a), 
comprising a saturable (S.R.) and an unsaturated (U.R.) 
iron-cored reactor. The stabilizing action of this arrange-
ment is indicated in Fig. 2(b). Curves A and B represent, 
respectively, the volt-ampere characteristics of S.R. and U.R., 
whereas C represents that of the composite circuit from the 
input end. It is readily understood that for an input voltage 
change from Ei to E;, the output voltage changes from 

• Professor of Electrical Engineering, Jadavpur University, Calcutta. 
t Reader in Electrical Engineering, Jadavpur University, Calcutta 

534 

r0000tOCI s  U.R. 

MAINS a I 

Si Fe  Ell C C2; 
E r3c00V o2 26µF obit 

V  
o , o o , 

INPUT OUT 

o— 

FI I RAE 
STABILIZED 
OUTPUT 

E03 

MAIN STABILIZING ' SERIES RESONANT: ELECTRONIC HARMONIC : 
UNIT :HARMONIC FILTERS' EXTRACTION UNIT 

Fig. I. Complete stabilizer circuit. Details of the harmonic 
extraction unit are given in Fig. 5 

Fig. 2. Basic form of stabilizer with saturated (S.R.) and un-
saturated ( U.R.) reactors (a) and the current-voltage relations (b) 
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Fig. 3. Improved stabilizer (a) with a tapped unsaturated reactor; 
(b) shows the current- voltage relations 

E. to E' and assuming S.R. to be sufficiently saturated in 
the operating region, 

- E0 E -  

E0 

which indicates stabilization, though partial. 
The stabilization is considerably improved in the slightly 

modified circuit of Fig. 3(a) wherein the unsaturated reactor 
is suitably tapped instead of being entirely in series with 
S.R. The action may be followed from the volt-ampere 

curves of Fig. 3(b), which is self-explanatory. It is evident 
that the output voltage, E., which is the difference between 
E2 and E3, hardly suffers any change when the input voltage 
changes from Ei to E. It must be pointed out that actually 
E. is the vector difference (the figure shows arithmetic 
difference) between E., and E3 which are, in general, out of 
phase. This, however, does not vitiate the main point, since 
any phase difference may be allowed for in the design of 
the components, the objective being to get a flat-topped out-
put characteristic in the operating region. 

It has already been indicated that stabilization is improved 
by increasing the saturation of S.R. which, however, means 
an undesirable increase in the no-load current of the stabilizer. 
It becomes possible to operate S.R. at high saturation and 
yet draw only a relatively small no-load current from the 
supply source, by the use of a capacitor of suitable value 
across the output terminals, as shown in Fig. 4(a). The 
capacitor current Ic and the current /2 through S.R. are 
roughly in antiphase (E3 being small compared to E„) and 
hence if C is chosen so as to make /, nearly equal to /2 in 
magnitude, the no-load input current /, becomes quite 
small. This is shown in the vector diagram of Fig. 4(b), 
which also shows the typical dispositions of the various 
current and voltage vectors at no-load. Now E1, being pro-
portional to /1 ( U.R. is unsaturated), is consequently much 
reduced and so, almost the entire input voltage is impressed 
across S.R. which may therefore be designed for the desired 
high saturation at the nominal mains input voltage. E3 is 
also correspondingly reduced, but owing to the higher 
saturation now occurring in S.R. the reduced E„ may still 
suffice to give the required flat-topped output characteristic 
of Fig. 3(b). The advantage of using the capacitor is thus to 
make the output voltage almost equal to the input voltage, 
whereas without it the ratio E./E is rather small—a factor 
which adversely affects the efficiency. 

Fig. 4(c) shows how the output voltage adapts itself to 
changes of input voltage at no-load. The input voltage E, 
is the sum of E, and E2. The output voltage E. is obtained 
by vector subtraction of E3 from E2. The current /, is almost 
90° lagging behind E, since U.R. is unsaturated. When Ei 
increases to EL, the saturation current /2 considerably in-
creases to 1'2, which is accompanied with an increase and 
phase shift of 1, to maintain the relation I', = 

Fig. 4. The addition of capacitor C as shown in (a) reduces the no-load current. The no-load vector relations are indicated at 
(b) for an input Ei and at (c) for inputs Ei and EL 
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Fig. 5. Diagram of harmonic extraction unit 
shown in Fig. 1 as a box 

This increase and phase shift of /1 is, again, accompanied 
with a proportionate increase and equal phase shift of E, 
to E. E; substantially accommodates the increase in E, 
so that E; is only slightly larger than E2. (It may be noted 
that even a small increase in E2 causes a relatively large 
increase in /2 due to saturation of S.R.) E3 undergoes 
similar changes as E, and so the resulting output voltage 
EV, is seen to be almost equal to Ec, in magnitude, though the 
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phase is shifted. It is to be noted that 1c and Ic' are 90° leading 
on E0 and 4 respectively. 
Changes of load have somewhat similar effects on phases 

and magnitudes but in this case the output voltage stabiliza-
tion is worse than at no-load. It should be observed that the 
resistances and the leakage reactances of the windings have 
been neglected in the discussion. These are to be allowed 
for by minor trial adjustments in the design. 
Both the reactors, U.R. and S.R., are assembled from E and 

I transformer sheet-steel stampings forming three-limbed 
cores, with no intentional air-gap in the magnetic circuit of 
S.R. but with a liberal air-gap in that of U.R. to make it 
suitable for a linear choke. The central limbs of the cores 
are wound with super-enamelled copper wire of liberal 
gauge. The copper section for S.R. is specially large since 
it must carry a large current due to its high saturation with 
almost the nominal input voltage impressed on it. The 
winding of U.R. is provided with a number of taps out of 
which the most suitable tapping is selected by judicious 
trial. The value of the capacitor C is decided from the con-
sideration that at normal input voltage, the currents through 
C and S.R. should be nearly equal in magnitude. The value 
of C is, however, influenced by the values of the capacitors 
used in the next unit, viz., the harmonic filters, since at the 
fundamental frequency, the circuits L1, C, and L2, C2 
(Fig. I) are almost entirely capacitive and so the sum of 
C, C, and C2 must be considered as the shunt capacitance 
across the output of the main unit. 

Harmonic Filters 

Series resonant filters form the first stage of the harmonic 
reduction circuits. The output from the main unit (E01 
of Fig. 1) contains about 30% total distortion which is 
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mostly the third and the fifth harmonics. To reduce these, 
series choke-capacitance filters, LI, C, and L,, C, of Fig. 1, 
are incorporated and tuned respectively to the third and 
fifth harmonic frequencies, viz., 150 c/s and 250 c/s. These 
filters provide nearly short-circuit paths to their respective 
resonant harmonic components which are thus substantially 
suppressed in the output, E02, of this unit, bringing the total 
harmonic content to about 5%. LI and L2 are linear reactors, 
of about 50 mH each, similar in design to that of U.R. of 
the main unit. C, and C2 are capacitors which resonate 
with L, and L2 at 150 c/s and 250 c/s respectively. The voltage 
ratings of the capacitors are about 300 V in the present 
equipment, sufficient to withstand the resonant rise of 
voltage across them. 

Electronic Harmonic Extraction Unit 

This is based on a device developed by Choudhury and 
Das Gupta6,7. The output E02 of Fig. 1 after the LC filters 
is applied as input to this extraction unit, the details of which 
are shown in Fig. 5. The input passes through a phase-
shifting arrangement (variation of R, and R2 can provide 
phase shifts without affecting magnitude) after which it is 
simultaneously impressed on two network systems each 
consisting of a tandem pair of high-impedance twin-T block-
ing networks. The left-hand networks block the fundamental 
(50 c/s), while the right-hand block the third harmonic 
(15 Oc/s) and the fifth harmonic (250 c/s). Thus, assuming 
harmonics higher than the fifth as negligible, the output 
from the upper pair is entirely third harmonic and that from 
the lower is entirely fifth harmonic although each harmonic 
suffers attenuation and phase shift due to its passage 
through the various networks. 
These outputs are then applied on the grids of a twin-

triode (6SC7) mixer amplifier, the output of which is further 
voltage and power amplified by a triode (6J5) and a push-
pull pair of beam tetrodes (6L6) respectively. The final 
output of this unit is available across the load resistance RE,. 
This output is constituted by only the third and the fifth 
harmonic components of the input, viz., E02. By properly 
adjusting R„ R2, P, and P2, the magnitudes of these com-
ponents in this output are made exactly equal to their counter-
parts in the input whereas the phases are made just opposite. 
Consequently, when E02 and Ro are connected in series as 
shown in Fig. 1, the harmonics are just cancelled out leaving 
the final output, E02, of the stabilizer practically free from 
harmonics. 
The amplifier must provide ample power to counteract 

successfully the harmonic power content of the output E02. 
Further, it must not itself be the source of any appreciable 
distortion. In the present design the output is about 15 W 
with class A, operation. The output load resistance Ro must 
also be as low as possible since it impairs the regulation of 
the stabilizer as a whole. In the present design it is 4 ohms. 

Stabilizer Performance 

The stabilization performance of the present equipment, 
designed for 220 V, 250 VA (unity p.f.) when operated from 
50-c/s 230 V mains, is shown graphically in Fig. 6. An electro-
dynamometer type sub-standard voltmeter with knife-edge 
pointer was used to measure the output voltage, viz., E03 of 
Fig. 1. It will be seen that at full load (250 VA), the stabiliza-
tion at constant frequency is better than ±0-2% for + 15% 
input fluctuations at all power-factors between unity and 
0.3 lagging or leading. At no-load the stabilization (at constant 
frequency) is better than +0.03% for + 15% fluctuation at 
the input. The regulation on load is somewhat poor, being 
about 2% at full-load unity power-factor. The main cause 
of this is evidently the output resistance Ro of the harmonic 
extraction unit. The poor regulation is, however, not a serious 
handicap since stabilizers are usually required to supply 
fixed loads. As can be seen from the graphs, the stabilization 

Industrial Electronics July 1963 

of the present equipment is exceptionally good at fixed 
loads. 
The total harmonic content of the final stage of the stabi-

lizer, as measured by a distortion meter, was slightly more 
than 1%. It is felt that by a more efficient design of the 
electronic unit, this figure can be still bettered. If some more 
distortion may be tolerated (4-8%) then the stabilized output 
from the second stage (viz., E02) may be used. The stability 
performance even at this stage is essentially the same as that 
of the final stage but the regulation on load is better, being 
about 0.8% at full-load unity power-factor. 
The present stabilizer, like many constant-voltage trans-

formers, is self-protective against overloads. This is exhibited 
by the curves of Fig. 7, which are the complete load charac-
teristics of the stabilizer for three different input voltages, 
viz., 200 V, 230 V, 260 V. 

It is to be noted that when the output terminals are short-
circuited, the current from the mains is chiefly limited by 
the reactance of almost the entire unsaturated reactor, U.R. 
Therefore, the short-circuit current is sensibly proportional 
to the input voltage. This is substantiated by the nearly 
equal intercepts on the current axis made by the curves at 
equal voltage intervals of 30 V. 
The output of the stabilizer is rather frequency sensitive 

as is usual for constant-voltage transformers. The frequency 
characteristics are shown in Fig. 8 for the three output 
stages, viz., E.„ E02 and Et» of the present equipment at 
no-load and normal input voltage. E01 is least affected by 
frequency changes. This is to be expected, since stages E02 
and En, involve additional frequency sensitive circuits 
(LC filters and the harmonic extraction unit). It is expected 
that a stabilizer of this kind will be used on fixed frequency 
mains or in conjunction with a frequency stabilizer. In some 
commercial designs, frequency compensating devices are 
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incorporated, but usually they are effective at particular 
loads only. (This remark does not apply to stabilizers employ-
ing feedback methods for stabilization.) 

Conclusion 

It is claimed that a constant-voltage transformer of very 
high stability and almost pure waveform of exceptionally 
good performance has been designed. The equipment which 
is self-protective against overloads suffers from the disad-
vantage of a rather poor frequency characteristic, however. 
This is basically inherent in the principle of operation of this 
type of voltage stabilizer. 
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SYNTHESIZING 
THE RADIATION 
PATTERN OF A 
RING AERIAL 

W HEN designing aerials for very-high-frequency 
(v.h.f.) broadcasting, care must be taken to ensure 
that the powers radiated in certain directions do 

not exceed certain specified values; this is necessary to ensure 
that interference with other stations broadcasting in the same 
channel does not occur. At the same time, the aerial must 
give adequate coverage in its own service area. The maximum 
permissible and minimum desirable field strengths can be 
conveniently displayed in polar form as a templet comprising 
two closed figures. The horizontal radiation pattern (h.r.p.) 
of a v.h.f. broadcasting aerial must often satisfy somewhat 
stringent requirements and, although satisfactory radiation 
patterns can usually be obtained on a trial and error basis by 
calculating the performance of aerial arrangements which 
appear to be suitable, this can be a time-consuming process 
even when an analogue computer is available.' The investi-
gation described in this article was undertaken in an attempt 
to determine the aerial design by direct calculation from 
the radiation pattern requirements. 
The radiation pattern of any aerial, however complex, may 

be determined if its radiating currents are known, but the 
converse problem (generally known as synthesis) of finding 
the current distribution which will produce a given radiation 
pattern is much more difficult. To simplify the problem, 
certain assumptions are usually made about the phase varia-
tion of the radiation pattern, for example a particular relation-
ship between the feeds to the aerial elements may be postu-
lated. This is undesirable and may lead to an uneconomic 
aerial design, because the phase variation of a radiation 
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This article describes a method for determining the currents 
and voltages with which the radiating elements of a ring 
aerial must be driven in order to produce a specified 
radiation pattern, a process often referred to as radiation 
pattern synthesis. The application of the method to the 
practical case of a ring of dipoles mounted on a cylinder 
is illustrated with an example. 

By P. KNIGHT, B.A., A.M.I.E.E. 

pattern is generally of no practical interest; it is the ampli-
tude variation which is significant. 

In the method described in this article no restriction is 
placed on the phase of the radiation pattern, but the problem 
is simplified by limiting to five the number of real coefficients 
which specify the current or voltage distribution. This 
limitation restricts us to the synthesis of simple radiation 
patterns; these exist, however, in sufficient variety to enable 
many practical requirements to be satisfied. More compli-
cated patterns could naturally be obtained by using more 
than five feed coefficients but the synthesis problem would 
then be much more difficult to solve. 
The method may be applied to rings comprising any type 

of element whose radiation pattern is symmetrical both in 
amplitude and phase about a line joining the element with the 
ring centre. Suitable elements include rings of dipoles placed 
around a conducting cylinder; the individual dipoles may 
be either parallel to the cylinder axis or tangential to the 
circumference of the ring. It is equally applicable to rings 
of axial or circumferential slots in conducting cylinders. 

In applying the method, the magnitude of the required 
field strength is specified in five directions. Although an 
infinite number of radiation patterns satisfying the specified 
values exist, the technique described in this article leads to 
a single pattern whose shape depends on the relationship 
between these values. Should the shape of this pattern not be 
entirely satisfactory for the requirements of the templet in 
directions other than those with specified field strengths, it 

* B.B.C. Research Department. 
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may often be improved by making a fresh choice of the five 
specified values. 
When an acceptable pattern has been obtained the current 

or voltage distribution of the ring aerial is determined. The 
aerial is initially assumed to contain an infinite number of 
elements and the required current or voltage distribution 
derived is therefore a continuous function of the angular 
position around the ring; it is analogous to the aperture 
distribution of a linear aerial. In general, four such distri-
butions, all of which result in the same radiation pattern, can 
be obtained. The continuous distribution is then simulated 
(in the sense of a best approximation') by a finite number of 
elements with appropriate feeds and the extent to which the 
pattern deviates from the one originally specified is determined; 
the amount of deviation which can be tolerated determines 
the number of elements which are required. It is in this 
replacement of a continuous distribution of radiating elements 
by a finite number of elements that the weakness of the 
method lies. Although it is possible to satisfy a wide variety 
of templets, the number of radiating elements required is 
usually greater than the number which are found to give a 
satisfactory result by the trial and error method. 

Description of the Method 

Consider a radiating element P on a ring, as shown in 
Fig. 1. If the radiation pattern of the element in the plane 

Fig. I. Co-ordinate system 

containing the ring is symmetrical in amplitude and phase 
about OP, the pattern may be referred to the centre of the 
ring and written in the form 

+ Ki cos 0 + K2 cos 20 + Km cosniç. (I) 

where K„, K1, K2 etc. are complex coefficients, 0 is the angle 
measured from the direction OP and m is any integer. I K.1 
decreases as m increases. 
Suppose now that we have a ring of n equally spaced and 

co-phased radiating elements. Let the complex feed coeffi-
cient of each element be u0/n; this can conveniently corres-
pond to the loop current in the case of a dipole and the loop 
voltage in the case of a slot. Then the Ke terms in expres-
sion ( 1) will add together for the n elements and give a total 
of u0K0, but the K1-terms will mutually cancel, because of 
the symmetry, and so will the K2-terms and the Km-terms 
unless m is a multiple of n, in which case they will reinforce 
each other as the Ke terms did, to give a total contribution 
of u0Km cos m0. The first term for which this reinforcement 
occurs is u.K. cos ricb, and if n is sufficiently large this is 
negligible; the next 'reinforced' term u0K2n cos 2n0 is smaller 
still. The radiated field is therefore effectively constant and 
equal to u0K, in all directions. 

Consider now a similar ring in which the elements are 
driven with equal amplitudes but with a phase which advances 
progressively round the ring by an amount equal to 0. If 
the feed to the element at 0 = 0 is u1/n, the feed to the other 
elements is ulei°In and the radiation pattern is then equal to 
PtiKiele, provided sufficient elements are used.* 

Similarly we may consider a third ring with an anti-clock-

* Although denotes the azimuthal angle it is also used here to denote the phase 
of the ring element, because the phase of the element feed is directly related to it, 
angular position. 

wise phase rotation. If the feed to its elements is u-le-i0In 
the radiation pattern will be 

If the three rings are now superimposed the feed to the 
elements is given by 

uln = [uo u1e" ± u-,e-e›]!n (2) 

and the radiation pattern will be equal to 

E = u.K. Eule'0 u (3) 

Since the absolute phase of the radiation pattern is arbi-
trary we may specify uoK„ as a positive real quantity and 
write the pattern in the form 

E = A, + Qe'0 Re-n5 (4) 

where A„ is real and positive and Q and R are complex. Thus 

AO u.K., Q — 4u1K1, R — (5) 

The radiation pattern may also be written in the form 

E = A. — A, cos + B, sin ç5 + j[C, cos 0 + DI sin 0] (6) 

where A°, At, B1, C, and DI are all real. From equations 
(5) and (6) it may be shown that 

Q = HA, + D, - - C1)1 

R MA, — D, + j(B1 C1)] 

Since the relative phase of the radiation pattern is of no 
interest we need consider only the modulus of E or some 
function of it. The most convenient function is the square 
of the modulus, which is given by 

I El 2 - [A„ + Alcos + B, sin 0]2 
+ [CI cos 0 4- Di sin Or 

We may write this expression in the form 

1 El 2 - a, + al cos + a, cos 20 + b, sin 0 + basin 20 
(9) 

where 

a, — Ar, -1(4; + Br + 0 DI) 

a, - 2/10A1 

a, - - + C — 

h, - 2/1.81 

h, A,B, ± CID, 

(7) 

(8) 

Equations (8) and (9) are therefore alternative forms of the 
power radiation pattern, and since they contain five coeffi-
cients, the relative field strength (or the relative power 
density) may be specified in five different directions. The 
absolute field strengths do not need to be specified. All that 
are required are the ratios between the field strengths in five 
different directions. Now the coefficients in equation (9) 
can be readily obtained from the specified values by solving 
five linear simultaneous equations and the radiation pattern 
may then be calculated for all other values of 0 from this 
equation. 

It is important to note that any set of coefficients which 
results in a negative value of 1E1 2 for any value of 0 must be 
rejected, since it does not correspond to a realizable aerial. 
This is likely to happen if very small field-strength values are 
specified or if rapid variations of field strength with direction 
are demanded.t If this occurs, the specified values must be 
modified until 1E1 2 is positive for all values of 0; the 
coefficients of equation (9) then satisfy certain conditions 
which are discussed in the Appendix. 
To find the feed coefficients of the elements it is now neces-

+ Although a ring aerial which will satisfy such requirements may be possible, the 
feed distribution in its elements will not necessarily be of the type described here 

Industrial Electronics July 1963 539 



sary to determine the coefficients of equation (8) from those 
of equation (9). 

Algebraic manipulation of equations ( 10)-(14) gives 

{ 42e b 2 - 2 = OD? (15) 

where 
C; = a. + a2 - A - a;14/g 

D't = a. - a2 - A - 61142(t 

(16) 

(17) 

The term [alb,/4A;j2 is common to both sides of ( 15) and 
cancels to leave a cubic in A.. It can be shown that a prac-
tical solution is possible only if this equation has three real 
roots, in which case they are all positive, but only the two 
smaller correspond to physically realizable solutions of the 
problem. The equation therefore yields two values for A., 
which by definition is real and positive. 
The remaining coefficients may now be determined from 

equations ( 11), ( 13), ( 16) and ( 17). For each value of A. 
there are two values (positive and negative) of C, and D1 
but as the signs of C, and D, are related to each other by 
equation ( 14), there are only two solutions for each value of 
A., or four in all. Thus the radiation pattern of equation 
(9) can be achieved by four different feed distributions; 
their calculation is straightforward, Q and R being deter-
mined from equations (7) and the feed coefficients from 
equations (5). 

Application to Dipoles Mounted on a Cylinder 

An application which is of particular interest is the syn-
thesis of the h.r.p. of a v.h.f. broadcasting aerial. These 
aerials often consist of rings of dipoles placed round a mast; 
in many practical cases the latter may be assumed to be 
equivalent to an infinitely long conducting cylinder. 
A templet typical of those prescribed for Band I television 

transmitting aerials is shown in Fig. 2; the radiation pattern 
of the aerial is required to lie between the two closed curves. 

Investigation showed that by a suitable choice of the five 
specified field-strength values it was possible to obtain a 
pattern which satisfied the templet in all directions; the 
values which were chosen are given in Table I. 
By substituting these values in equation (9) and solving the 
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Fig. 2. Radiation pattern satisfying prescribed templet 

TABLE 1 
Specified Values 

0 45" 135 - 180' 2700 

1E1 1-00 1-00 0-30 0.30 
1E12 1-00 1-00 ' 0-09 0-09 

0.50 
0.25 

TABLE 2 

Radiation Pattern Coefficients 

Solution Number 
1(a) 1(b) 2(a) 

A. 0-3513 

A I 

2(b) 

0-5228 

0-6476 0.4352 

B 1 0.1736 0.1167 

CI 0-0467 0-0467 0-2870 1 - 0.2870 

0.4663 0-4663 0-2899 - 0-2899 

resulting five simultaneous equations, the following values 
for the coefficients were obtained: 

ao = 0.458 

al = 0.455 62= 0.122 

a2 = 0.087 b2 = 0.134 

These coefficients satisfy the conditions for which a solution 
can be found (as stated in the Appendix) and give the radia-
tion pattern shown in Fig. 2. 

Substitution of these values in equation ( 15) gives a cubic 
in A with three real roots. In the Appendix it is shown that 
the two smaller roots lead to a physically realizable solution 
of the problem; their values are 01234 and 0-2733 and the 
corresponding values of A. are 0.3513 and 0.5228. 

Each value of A c, leads to a pair of solutions; the four 
solutions are designated 1(a), 1(b), 2(a) and 2(b) and the 
corresponding coefficients are given in Table 2. 

It is of interest at this stage to calculate the radiation pat-
terns, in complex form, from equation (6). When plotted 
on the complex plane they appear as ellipses, as shown in 
Fig. 3. It will be seen that the amplitudes of all four radiation 
patterns are identical and correspond to Fig. 2. The two 
patterns corresponding to a particular value of A0 differ only 
in that their imaginary values are of opposite sign, but the two 
values of A. give quite different ellipses; it will be noted that 
the origin is inside the ellipse in one case and outside it in 
the other. 
The coefficients of Q and R of equation (4) are now calcu-

lated from equations (7); their values are given in Table 3. 
The coefficients given in Tables 2 and 3 define, in alternative 

ways, a radiation pattern passing through the five prescribed 
points. 
Up to this point no mention has been made of the type of 

radiating element, since the aperture distribution can be 
obtained from any type of radiating element whose radiation 

TABLE 3 

solution 

1(a) 0.5570 - j0-0635 
1(b) 0-0906 - j0-1101 
2(a) 0-3626 + j0-0852 
2(b) t 0-0726 + /0.2018 

0-0906 + 10-1101 
0-5570 + j0.0635 
0-0726 -- j0-2018 
0-3626 - j0-0852 
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?. Horizontal radiation patterns in complex form 

pattern satisfies the requirements of symmetry. The element 
pattern must now be taken into consideration to enable the 
feed distribution to be determined. 

Let us suppose that the aerial consists of a ring of vertical 
dipoles mounted on a mast, the latter being assumed to 
be equivalent to a conducting cylinder. The radiation 
pattern of a single element has been shown2 to be 

Vo V n cos ny5 

n = 1 

H.(2)(136) 
V. = J(lib) Jea)H„(2)(fla) 

1-17, (2) denotes the Hankel function of the second kind of 
order n, b is the distance of the dipole from the cylinder 
axis, a is the radius of the cylinder and /3 is the propagation 
constant of free-space. Comparing this expression with 
equation ( 1) it is seen that the complex coefficients of the 
element radiation pattern are given by 

K. = V. K, =j2 V, 

If fia = 0.5 and lib = 20 radians (typical values for a Band 1 
aerial), K. and K, have the following values: 

K. = 0.2385 + jOB535 K, = —01792 -I- fl .0886 

The feed coefficients for the three superimposed ring aerials 
may now be calculated from equations (5); they have the 
values given in Table 4. 
These four sets of coefficients enable the four feed distri-

butions to be calculated using equation (2). Each distri-
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bution is the sum of the currents or voltages with which the 
three basic ring aerials must be driven in order to give the 
radiation pattern shown in Fig. 2; they may therefore be 
regarded as cylindrical aperture distributions. Thus a ring 
aerial consisting of an infinite number of elements driven 
according to one of these distributions will have a radiation 
pattern which is identical with that shown in Fig. 2. 
The four aperture distributions are shown in complex 

form in Fig. 4 and it will be seen that these again take the 
form of two pairs of ellipses. Since a finite number of 
elements must be used in practice, curves of the type shown 
in Fig. 4 enable the most convenient arrangement of elements 
to be chosen. For example, Fig. 4 shows that in solution 
2(a) the current required in an element at y5 = 180' is almost 
zero and in a practical aerial this element could be omitted 
altogether. This solution therefore offers a definite advan-
tage over the other three solutions. 
The current in each element may be either the average value 

for the sector of the aperture which contains the element, or 
it may be the value for the actual position of the element; 

TABLE 4 
Feed Coefficients for Vertically Polarized Aerial 

Solution 
No. uo u I 

1(a) 0.270 — jC.570 — 0278 — f0978 0.170 — j0.195 
1(b) 0.270 — j0.570 — 0-223 — /0.129 — 0.050 — j1015 
2(a) ' 0-402 — j0.848 OB46 — j0-674 0.339 — 10.189 
2(b) 0.402 — j0848 — 0.382 — j0.070 — 0.259 — f0624 
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the latter value is the more convenient since it may be imme-
aiately determined from Fig. 4. 
The use of a finite number of elements means that the 

resulting pattern will deviate from that shown in Fig. 2. 
To illustrate the accuracy with which the idealized pattern 
may be reproduced, a number of patterns for different numbers 
of elements fed with currents corresponding to their actual 
positions (rather than values averaged over a sector) were 
calculated on an analogue computer;' the results are shown 
in Fig. 5. It will be seen that the agreement obtained with the 
use of eight elements is good, with six it is reasonable but 
with four it is rather poor. The number of elements which 
must be used to obtain good agreement depends on the ring 
radius and with a larger ring more elements will be required. 
The necessity for using an almost continuous ring of 

elements to obtain a close approximation to the required 
radiation pattern can possibly be overcome by using an 
alternative approach. In this method a finite number of 
elements would be postulated and their feed currents or 
voltages denoted by complex coefficients. The expression for 
the resulting radiation pattern (with higher-order terms neg-
lected) would then be compared with each of the four solu-
tions of equation (6) in turn, thereby yielding four sets of 
feed coefficients. Whether this method is feasible and, if so, 
whether the approximations involved cause the resulting 
pattern to differ appreciably from the specified pattern, has 
yet to be investigated. 

Conclusions 

The design of television transmitting aerials is usually 
carried out on a trial and error basis; h.r.p. calculations are 
repeated, for different radiating element arrangements, until 
a satisfactory result is obtained. 

SOLUTION I (a) 

30° 

-12.0 

SOLUTION 1(b) 
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The alternative synthesis method described in this article 
enables the feed parameters for ring aerials to be determined 
when the field strength is specified in five arbitrarily chosen 
directions. The method may be used for v.h.f. broadcasting 
aerials consisting of rings of dipoles or slots, when directional 
h.r.ps are required. A single radiation pattern results 
from the method but this may be obtained with any of four 
different sets of feed parameters; the most convenient of 
these feed arrangements may thus be chosen. 
The fact that the synthesis method leads to several solu-

tions for the feed parameters suggests that a number of 
solutions can also be found by the trial and error 
method. Only one solution is usually found in this way, 
however, and it may not be the most convenient one to 
achieve in practice; the choice of solutions offered by the 
synthesis method is therefore an advantage. The fact that 
the method leads to a continuous aperture distribution is a 
disadvantage, since it requires that each ring should contain 
a sufficient number of elements to approximate to a continuous 
ring. Moreover it does not reveal the fact that the desired 
radiation pattern can sometimes be achieved by a much 
simpler aerial system. For this reason its usefulness, when 
applied to the design of Band I and II aerials (i.e., those com-
prising rings of less than one wavelength diameter), is some-
what limited, and the trial and error method is preferable. 
In the u.h.f. band, however, where larger rings may be 
required, the method may have a useful application. 
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Fig. 5. Horizontal radiation patterns obtained with finite numbers of elements. The broken 
lines show the radiation patterns which would be obtained with an infinite number of elements 
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APPENDIX 

Conditions for a Realizable Solution 

Equation (9) gives a formula for 1E1 2 in terms of the given 
quantities au, al, a2, 1)5 and b.. The essential condition for 
a useful solution to be obtainable is that 1E1 2 be positive 
for all values of Ô. If we write 

1E1 2 = ao + k, cos(0 + al) k2 cos (20 ± a2) ( 18) 

where 

k, = (aï 6;)1; 

tan al = 

A2 = (a) ± M)1; 

tan ce2 = b2/a2 (19) 

then 1E1 2 must be always positive if ao > k1 k2 and 
cannot be always positive if ao < k.!. It is, however, 
less obvious what happens if ao is between lk, — k2I and 
k, + k2. 

Equation ( 15) reduces to a cubic in A;',, namely 

A), ± AM ILA H V = 0 (20) 
where 

— 2ao 

(21) 

= i[e(ao — a2) Mao + a2) — 2a,b,b2] 

This cubic may have one real root or three, but it can be 
shown that no useful solution is obtained from the largest 

value of A;2, when there are three real roots, or from the real 
root when there is only one. The reason for this is that the 
corresponding values of C and DI in equations ( 16) and 
(17) turn out to be negative. It can, however, be shown 
that even if equation (20) has three real positive roots in AZ; 
there is not necessarily a useful solution, but that the following 
conditions are sufficient to ensure that a pair of useful 
solutions can be obtained: 

a.; < (ao ± (12)2 

< (a. — a.)2 

4d) < [{(a. + a.)2 + (ao — a2)2 — b) 5J2 

/2À3 \ 2 I / À2 3 

27 -- T -v? < 

Although these conditions are always satisfied if 
a.> k, k„ this is not necessarily true if a0 lies between 
lki — k21 and k, + k.; in this case useful solutions will 
only be obtained if the four conditions stated above are 
satisfied. 

(22) 

(23) 

(24) 

(25) 

* 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 of the enquiry cards to be found inset 

in the front and back of the journal. 
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NEWS 

Personal and Company News 

Sir William Garratt, a director of Metal Industries Ltd., 
is joining the board of Internat onal Rectifier Europe S.A., 
Brussels. 

Thorn-A.E.I. Radio Valves & Tubes Ltd. have acquired the 
industrial cathode-ray tube business of Associated Electrical 
Industries (Woolwich) Ltd. Enquiries should be directed 
to D. H. Yates a: Enfield 5353. 

The nucleonic and telecommunication sections of Burndept 
Ltd. have been transferred to Burndept Electronics Ltd., 
Riverside Building, 'Erith, Kent. Both companies are 
subsidiaries of Royston Industries Ltd. 

Sir Tufton Victor Hamilton Beamish, M.C., M.P., has 
joined the board of A. C. Cossor Ltd. A subsidiary of this 
company. the Cossor Valve Co., has moved from Highbury 
to The Pinnacles, Harlow, Essex (Telephone: Harlow 
26862). The Cossor Instruments Service Department has 
moved to Edinburgh Place. Temple Fields, Harlow (Tele-
phone: Harlow 26862). 

James R. Stacey has been appointed chief of the engineering 
department of Allen West & Co. Ltd. following the retire-
ment of Eric Heathcote, M.B.E., Frederick W. White, 
A.M.I.E.E., becomes deputy and Sidney Alfred Seear, 
A.M.I.E.E., assistant chief of the engineering department. 

The Industrial Electronics Division of International General 
Electric Co., of New York, is moving to new premises at 
Boulton Road, Reading, Berks. 

E. M. Butterworth, chief engineer of B. & R. Relays Ltd., 
has been elected this year's chairman of the R.E.C.M.F. 
Panel W. 

R. V. Pow-ditch, 0.B.E., T.D., A.M.I.E.E.. Assoc.I.Mech.E.. 
has resigned his position as a director of E.M.I. Sound 
Products Ltd. and general manage: of that company's sound 
division. He has joined Hirst Electronic Ltd. as marketing 
director. 

Elliott-Automation have formed a new subsidiary company. 
Elliott Marine Automation Ltd. 
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The Plessey Co Ltd. have acquired the 25% interest in 
Telephone & Electrical Industries Pty. Ltd. of New South 
Wales which was previously owned by The General Electric 
Co. Ltd. Through its subsidiaries, Automatic Telephone 
& Electric Co. Ltd. and Ericsson Telephones Ltd., Plessey 
previously owned a 50% interest in this company. 

Derritron Research and Development Ltd. is taking on all 
the research and development work previously carried out 
by BEME Telecommunications Ltd. 

Walmore Electronics Ltd. have been appointed representa-
tives in the U.K. for the products of the 'Electronic Com-
ponents Division of Burroughs Corp. 

British Insulated Callender's Cables Ltd. have appointed 
Sir Harold Bishop consultant to the B.I.C.C. group and are 
electing him a director and deputy chairman of the company. 

G. & E. Bradley Ltd. have appointed Harper Robertson 
Electronics Ltd., 372 Argyle Street, Glasgow, C.2, as indus-
trial distributor for Scotland of Lucas silicon power rectifiers 
and transistors. 

Rank Cintel are marketing some of the products of the 
Systron Division of the Systron Donner Corp. in the U.K., 
British Commonwealth and Western Europe. The pro-
ducts include counter-timers. 

One of the 60-ft paraboloid dishes under construction at the 
Mullard Radio Astronomy Observatory near Cambridge. The 
tolerance on the curvature of the surface is only inch. Further 
details are given in Comment 
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At the Erith factory of G.E.C. (Engineer-
ing) Ltd. a DTIO digital data link is 
receiving data for a digital computer 
from the Wilton factory 130 miles away. 
The systtm operates over G.P.O. tele-
phone lines at the rate of 100 characters 
a second 

Birthday Honours The publicity department and press office of Associated 
Electrical Industries Ltd. has moved from Crown House to 
33 Grosvenor Place, London, S.W.1. (Telephone: Belgravia 
1234). 

Standard Telephones & Cables Ltd. have appointed Dr. 
J. F. Watkinson as manager of the Magnetic Materials 
Division. The Division's first manager, R. M. Barnard, is 
joining Standard Telecommunication Laboratories Ltd. 

The Glasgow branch and Scotland regional headquarters 
of British Insulated Callender's Cables Ltd. has moved to 
460 Helen Street, Glasgow, S.W.1. (Telephone: Govan 
2434). 

J. N. Toothill, C.B.E., general manager of te Scottish 
group of Ferranti factories and a director of Ferranti Ltd., 
is joining the board of A. I. Welders Ltd. 

JFD Electronics Corporation of U.S.A. is now represented 
in the U.K. and other countries of the E.F.T.A. (outer 
eight) by Standard Telephones & Cables Ltd., of Footscray, 
Sidcup, Kent, and Paignton, Devon; and by LCC Steafix, 
Montreuil-sous-Bois, Seine, France, in the six European 
Common Market nations. JFD is similarly represented in 
Australia and New Zealand by Ducon Condenser Pty. 
Ltd., of Christina Road, Villawood, N.S.W., Australia. 

Sellotape Products Ltd. is moving to Sellotape House, 54-
58 High Street, Edgware. Middlesex (Telephone: Edgware 
2345). 

Jack Bushnell has been appointed managing director of 
Crypton Equipment in succession to Rear-Admiral Robert 
F. Storrs, C.B., who remains on the board. 

R. G. Dancy has been appointed senior applications engineer 
of International Rectifier Co. (Great Britain) Ltd. 

Roberts Electronics Ltd. are the exclusive U.K. agents of 
Melabs Inc., of California, manufacturers of ferrite u.h.f. 
devices. 
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Major-General A. M. W. Whistler, C.B.E. (late Royal 
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A humidity cabinet at the environmental test laboratories of E.M.I. 
Electronics Ltd. It à used for testing mould growth 

The Television Society 
An International Television Engineering .-'st‘zird is being 

instituted by The Television Society. It will he presented 
annually beginning in 1964 and will be either to an individual 
or to a team in recognition of an outstanding contribution 
to television engineering or an associated science. Details 
of the terms of the award will he given early in 1964. 
The award will be known as The Geoffrey Parr Award 

in recognition of Geoffrey Parr's long association with The 
Television Society. 

Long-Term Credit Offer 

U.S. Industries Inc. Engineering Ltd.. of Burtonwood, 
Lancs.. are offering credit terms for the purchase of their 
industrial machinery and equipment, apart from oil seals. 
The arrangements are through United Dominion Trust and 
cater for repayments in up to three years. 

This is being done to enable firms to renew or modernize 
plant without having to tie up large amounts of capital. 

Institute of Physics and Physical Society 

A conference on 'Sonic aspects of surface behaviour' will 
be held at the University of Bristol on 16th arad 17th 
September 1963. 
A conference on the 'Electrical and magnetic properties 

of thin films in relation to their structure' is being held at 
Imperial College. London. from 16th to 18th December 
1963. 

Registration is necessary for attending the conferences 
and details are available from the Administration Secretary, 
The Institute of Physics and The Physical Society, 47 Bel» 
grave Square, London, S.W.1. 
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Aerial Reconnaissance 

E.M.I. Electronics Ltd. have completed tests on two new 
forms of aerial reconnaissance equipment. One is called a 
Sideways-Looking Radar and can provide an accurate map 
of the territory over which the aircraft is passing. A feature 
is that forward radiation is a minimum, so reducing the 
chances of the arrival of the plane being known in advance 
to an enemy. 
The second system is called Line Scan. This includes an 

optical scanner the information from which can be 
recorded in the aircraft or transmitted to the ground ; there 
it produces automatically a pictorial record of the ground 
over which the aircraft is flying. 

Institution of Electronics 

The 18th annual Electronics, Instruments and Com-
ponents Exhibition and Convention is being held in the 
Renold Building of the Manchester College of Science and 
Technology from 11th to 17th July, excluding Sunday, 14th. 
It is open to members and ticket holders from 2 p.m. to 
9 p.m. on 1 lth July, but from 10 a.m. to 9 p.m. on the 
other days. 
Complimentary tickets are available from exhibitors or 

from the General Secretary of the Institution. 78 Shaw 
Road. Rochdale. Lancs. The catalogue, which includes 
summaries of the lectures to be given during the Conven-
tion, is to be available from 1st July. 

Testing a Swartout control unit which is part of instrumentation 
and control equipment which Elliott-Automation are supplying to 
Montecatini of Italy for an ammonium synthesis plant which they 
are building for Russia 
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Physics in the Soviet Union 

By A. S. KOMPANEYETS. Pp. 592. Peter Owen Ltd., 50 Old 
Brompton Road, London, S.W.7. Price 45s. 
This is a translation from the Russian of the second 

edition of this book. It is divided into four parts, 
Mechanics, Electrodynamics, Quantum Mechanics and 
Statistical Physics. The starting point is generalized co-
ordinates and they are used to derive Lagrange's equations 
from Newton's. Mechanics then proceeds through con-
servation laws, motion in a central field. colliSion of 
particles and so on to the dynamics of a rigid body and 
the general principles of mechanics. 

Electrodynamics starts with vector analysis and goes on 
through electromagnetic and electrostatic fields, electro-
magnetic waves and radiation, to relativity and relativistic 
dynamics. Under quantum mechanics, electron diffraction 
and the wave equation form the starting points and the 
section finishes with the relativistic wave equation for an 
electron. 
The last part of the book starts off with the equilibrium 

distribution of molecules in an ideal gas. goes on to 
Boltzmann statistics, treats of the Bose and Fermi distribu-
tions and continues by way of thermodynamics to chemical 
equilibria and surface phenomena. 
The treatment is highly mathematical and yet there is a 

good deal of description and explanation. As a result. 
even those with but elementary mathematical knowledge 
can gain a good deal of information from the book. but it 
is essentially one for those who are at home with advanced 
mathematics. The book has an index. 

Famous Problems and Other Monographs 

Pp. 374. Chelsea Publishing Co., 50 E. Fordham Road. 
New York 68. Price. Paper S1.95. Cloth S3.50. 

This is actually four books bound as one. The first is 
'Famous Problems of Elementary Geometry', by r. KLEIN. 
It was originally published in 1895 and translated into 
English only two years later. It covers algebraic equations 
solvable by square roots. the Delian problem and the 
trisection of an angle, the division of the circle into equal 
parts, transcendental numbers and the quadrature of the 
circle, among other things. 
The second book is ' From Determinant to Tensor', by 

W. F. SHEPPARD. Sc.D., LL.M. This goes back to 1923 and 
its title is explanatory of its content. The third book is 
'An Introduction to Combinatory Analysis', by MAJOR P. A. 
MACMAHON. D.Sc.. LL.D., F.R.S.. and was originally pub-
lished in 1920. As the title implies it deals chiefly with 
distributions. The fourth book is 'Three Lectures on 
Fermat's Last Theorem'. by L. J. MORDELL. 

Physical Principles and Applications of Junction Transistors 

By J. H. SIMPSON and R. S. RICHARDS. Pp. 519 + xiv. 
Clarendon Press: Oxford University Press, Amen House, 
Warwick Square, London, E.C.4. Price 63s. 
There are 18 chapters and 13 appendices in this book. 

The first four chapters cover the electrical properties of 
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semiconductors, the properties of minority carriers, the 
construction of p-n junctions and transistors, and the p-n 
junction. Chapter 5 covers low-frequency equivalent 
circuits and Chapter 6 deals with the physical factors affect-
ing the d.c. and low-frequency operation of transistors. 
The next two chapters together cover high-frequency and 

switching phenomena and devices as well as power transis-
tors. Succeeding chapters take a more practical turn and 
cover bias circuits, noise, small I.f. amplifiers, power ampli-
fiers, tuned h.f. amplifiers, video amplifiers, switching 
oscillators and non-linear applications. A chapter on 
negative feedback is included. 
The general treatment is good and not unduly mathe-

matical. The authors repeat an old fallacy about the type 
of push-pull phase splitter which has equal emitter and 
collector loads. This is that the stage is unbalanced because 
the output impedances viewed from collector and emitter 

are unequal. 

Bump Testing Machines: For Testing Electronic Equipment 
(B.S. 3585 : 1963) 

Pp. 12. Published by the British Standards Institution, 
2 Park Street, London, W.I. Price 4s. 

It is common practice nowadays to subject sensitive tele-
communication and similar electronic equipment to 'bump 
tests', designed to test the resistance of these components 
to the repeated mechanical bumps which may be met with. 
for instance, during transport by land. Experience in the 
use of bump tests has shown that, though they are not 
necessarily related to actual conditions, equipment which 
has passed the machine tests satisfactorily may quite safely 

be transported. 
A new British Standard has recently been published for 

the performance of bump testing machines for testing 
electronic equipment. B.S. 3585 specifies the essential design 
and performance requirements for bump test machines. 
which will ensure reproducibility of bump testing. It is 
based on a study of the 50- lb bump test machine developed 
by the Ministry of Aviation. Although most of the experi-
ence in bump testing has been obtained using free- falling 
table machines, the requirements of the standard have been 
drafted to take in other types of bump machine. 
The severity of bump tests on components (as determined 

by the number of bumps) will be specified in the British 
Standards for the individual components. 
The standard is divided into three parts. covering ( 1) 

performance requirements for 40 g bump test machines. 
(2) performance requirements for the accelerometer used 
for measuring the performance of bump test machines. and 
(3) the method of measuring the performance of the 
machines. 

Appendices give information on the installation and use 
of bump test machines, and describe one type of bump 
test machine and an accelerometer which meet the require-
ments of this standard. 

Basic Theory and Application of Tunnel Diodes 

By SY, VESTER P. GENTILE. B.S.E.E. Pp. 295 + x. D. Van 
Nostrand Co. Ltd., 358 Kensington High Street, London, 
W.14. Price 70s. 
The first part of the book deals with the theory of tunnel 

diodes in a fairly elementary and non-mathematical manner. 
Chapter 3 covers amplification and oscillation using a.c. 
negative resistance. The treatment here is based on simple 
equivalent circuits embodying negative resistance and the 
usual simple algebra is employed. Amplifiers are considered 
in Chapter 4 and the cascading of such amplifiers in 
Chapter 5. 
Combinations of tunnel diodes with other semiconductor 

devices are next considered and in Chapter 7 oscillators 
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are covered. The final chapters deal with pulse and switch-
ing circuits and modulators, demodulators and heterodyne 

detectors. 
The book gives a good coverage of the subject in a by 

no means highbrow way and should be very useful to the 

newcomer to the tunnel diode. 

Electrons in Metals 

By J. M. ZIMAN. Pp. 80. Taylor & Francis Ltd., Red Lion 
Court, Fleet Street, London, E.C.4. Price 20s. 
The little book has the sub-title of 'A Short Guide to the 

Fermi Surface' and its five chapters have the headings:— 
The electron gas, Bands and zones, Dynamics of Bloch 
electrons and the calculation of band structure, The pro-
perties of real metals, and Gauging the Fermi surface. 
There is a fair amount of mathematics, but the book is 

well written and gives one a clearer account of a rather 

difficult subject than is commonly available. 

A Dictionary of Electronics 

By S. HANDEL. Pp. 384. Penguin Books Ltd., Harmonds-

worth. Middlesex. Price 7s. 6d. 

Introduction to Electronics 

By WALTER H. EVANS. Pp. 518 + vii. Prentice-Hall Inter-
national Inc., 28 Welbeck Street, London, W.I. Price 63s. 

A Survey of Switching Circuit Theory 

Edited by E. J. MCCLUSKEY, Jr., and T. C. BARTEE. Pp. 205 
+ ix. McGraw-Hill Publishing Co. Ltd., 95 Farringdon 

Street, London. E.C.4. Price 60s. 

Transistoren Taschenbuch 

By WERNER 1AEGER. Pp. 280. Fachverlag Schiele & Schón 
GmbH, Markgrafenstrasse 11, Berlin, S.W.61. Price DM22. 

Missile Guidance 

By J. CLEMOW, M.A., A.M.I.E.E. Pp. 87. Temple Press 
Books Ltd., Bowling Green Lane, London. E.C.1. Price 15s. 

Étude des Circuits Electriques. Vol. 1. Méthodes 
Générales d'Analyse. 

By JEAN LAGASSE. Pp. 223. Editions Eyrolles, 61 boule-
vard Saint-Germain, Paris 5. Price NF43.55. 

Useful Electronic Shop Hints 

Pp. 103 + vii. John F. Rider Publisher Inc., 116 West 
14th Street, New York 11. Price $ 1.95. 

Printed Wiring and Printed Circuit Techniques 

Pp. 49. Published for the Electronic Engineering Associa-

tion by Iliffe Books Ltd., Dorset House, Stamford Street, 
London, S.E.I. Price 5s. 

Radio Data Reference Book 

Compiled by G. R. JESSOP, A.M.Brit.I.R.E. Pp. 136. 
Radio Society of Great Britain, 28 Little Russell Street, 
London, W.C.1. Price 12s. 6d. 

Vier Jahre Radioastronomie an der Universitât Bonn & 
Grosse Richtantennen. 

Pp. 69. Westdeutscher Verlag GmbH, Ophovener 

Strasse 3, Opladen/Rhld. Price DM 8.10. 
This booklet contains lectures by FRIEDRICH BECKER and 

WERNER RUPPEI. together with a discussion of them. 

548 

Manufacturers' Literature 

A Quick Reference Guide to Milliard Components. To provide 
users with a rapid appreciation of the salient features of Mul-
lard components this 40-page brochure has been produced. It 
includes capacitors, resistors, electromechanical components, 
magnets, computer cores, inductors, TV components and thin-
film circuits. 
Mallard Ltd., Mulford House, Torrington Place, London, W.C.2. 

For further information circle 50 on Service Card 

Copper-Clad Bakelite Laminated for Printed Circuits. In this 
10-page booklet information is given on printed circuit 
material, including sheet sizes, thicknesses and tolerances. 
Bakelite Ltd., 12-18 Grosvenor Gardens, London, S.W.'. 

For further information circle 51 on Service Card 

Semitronic Transistors. This 16 x 20 in. wall chart replace-
ment guide includes approximately 2,000 transistors, both U.S. 
and foreign. 
Sentitronics Corporation, 265 Canal Street, New York 13, N.Y., 
U.S.A. 

For further information circle 52 on Service Card 

A.E.I. Radio and Electronic Components. Details are given in 
this 60-page catalogue, publication number 5887-71, of over 
330 components designed for the radio, television and electronic 
industry. These include sockets, connectors, fuseholders, valve 
bases, screening cans, tag strips, etc., etc. Where applicable, 
relevant mechanical dimensions and electrical specifications are 
quoted. 
Associated Electrical Industries Ltd., 33 Grosvenor Place, 
London, S.W.I. 

For further information circle 53 on Service Card 

M.O.M. Photoelectric Equipment. A simple 8-page fold-out 
leaflet briefly describing the photoelectric components and 
equipment produced by 
Photoelectronics (M.O.M.) Holdings Ltd., 19 Oldfields Trading 
Estate, Oldfields Road, Sutton, Surrey. 

For further information circle 54 on Service Card 

Brush's 4200 Series Solid-State Preamplifiers. Five 2-page 
leaflets describing their preamplifiers for use with oscillograph 
recording systems have been published by Brush. Available in 
the U.K. from: 
A veley Electric Ltd., South Ockendon, Essex. 

For further information circle 55 on Service Card 

Westinghouse Rectifiers with Transformers for D.C. Power 
Supply. This 16-page Engineering Publication 17-212 des-
cribes a range of full-wave rectifiers, mounted in substantial 
cases, and including transformers. They are designed for the 
operation of d.c. motors, excitation of magnets, battery charging 
and similar applications. 
Westinghouse Brake and Signal Co. Ltd., 82 York Way, Lon-
don, N.1. 

For further information circle 56 on Service Card 

T.M.C. Scrambler Type S2P. A 4-page leaflet describing the 
type S2P scrambler for mobile radio telephone equipment. 
Telephone Manufacturing Co. Ltd., Sevenoaks Way, Orping-
ton, Kent. 

For further information circle 57 on Service Card 

'Feedback' Short Form Catalogue of Instruments and 
Equipment. This 6-page leaflet carries brief details of the com-
plete range of servo and simulation equipment produced by 
Feedback Ltd., Crowhorough, Sussex. 

For further information circle 58 on Service Card 
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CURRENT 
a.c. and d.c. 
0 to 10 amps. 

VOLTAGE 
a.c. and d.c. 

0 to 2,500 volts 

RESISTANCE 
0 to 20 megohms 

200 

DECIBELS 
— I5dB to + I 5dB 

For further information circle 234 on Service Card 

HE world's most widely used multi-range electrical 
measuring instrument is available in several different models,specially 
designed te supply the needs of every field of industrial and scientific 
endeavour. 
The Model 8 AvoMeter provides 30 ranges of direct readings of a.c. 
and d.c. Voltage, a.c. and d.c. Current, and Resistance on a 5-inch 
hand calibrated scale with an anti-parallax mirror. Two rotary 
switches provide instant range selection, and the meter is provided 
with a polarity reversing switch and an automatic overload cut-out 
device_ 

Write for fully descriptive brochure, stating purpose for which instrument is requored, 

listk 

about Avoltier is. There 
is a model to suit your 
particular requirements. 
Detailed specifications 
on request. 

'X' ID AVOCET HOUSE • 9246 VAUXHALL BRIDGE ROAD • LONDON S.W.I. 
Teiepho.e VICtona 3404 ,12 1,nes/ Telegrams AVOCET, LONDON S \N I 

A8!7 
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For further information circle 235 on Service Card 

ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 

The BIGGEST range of 

ELECTRONIC EQUIPMENT 
Accessories of all kinds . . . 

ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 

NEW IN ULTRASONIC CONTROL! 

GULTON TRANSDUCERS 

TYPE 
1404 

78/-
each 

—quantity prices 
upon application 

Sole Distributor: 
Off che Shelf 
Supply Service 

NOTE THESE 
FEATURES: 

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

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

The DTV Group ore Manufacturer; & Stockists of 

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

CHEMICALS IN ELECTRONICS 
AMBERSIL MS.4 
AEROSOL SPRAT 
Non-Melting Sili-
cone Grease 
Excellent Di-Electric 
Properties 

USE FOR: 

Large 
Economy 

Size 

13/6 
plus 1'6 
P. & P. 

• Water Proofing • Lubricating 
• Insulating • Preserving 
• Electrical and Electronic Equip-

ment 

MS4 SILICONE GREASE 

Large 7/6 6d.re n  E etP P! R100 
_ 

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

time without any danger of 
cores splintering or formers 
breaking 

PERSPEX POLISH No. 3 
• For use on all Acrylite and 

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

able tubes 

Per tube 

4/6 net 
plus 6d. P.&P. 

3/6 „ 
plus 9d P 4., 

ELECTROLUBE BRAND No.1 

2 oz. " Snorkel" Dispenser 
No. 2a Aerosol 

18/- «meenl 
plts 1 - P. & P. 

ELECTROLUBE BRAND No.  2 
2 oz. " Snorkel " Dispenser 

Full Electrolube Range in 
Stock 

27/ nec - (Red) 
plus 1/- P. & P. 

TOP QUALITY TEST EQUIPMENT AT COMPETITIVE PRICES 
We offer this invaluable service of factory wired Heathkits. Write for full specifications and details, 
the examples shown are only a few from the comprehensive range. All units are styled to match and 
only hest quality components are used. Also available in Kit form— state which required. 

VALVE VOLTMETER V-7A1F 
Internationally famous. exceptionally 
‘ersatile, reliable and simple to use 

£19118/6 
(In Kit farm 
£13 18 6) 

32-Page 
Handbook 
with each 
model 

0-12U F LABORATORY OS- I F SERVICE 
5 OSCILLOSCOPE OSCILLOSCOPE 

£47/15 (Inc31,<3'1(;%.̀" 
plus carriage 

48- page Handbook sup-
plied with each model 

Overall dimensions 
x 8" x l4r 

Weight 10) lbs. 

AG-9IFF AUDIO 
SIGNAL GENERATOR 

io c s to 100 kc s 

£28119/6 
(In Kit form al 19 Er 

Handbook for each 
model 

3 MSP-1M STABILISED POWER PACK 
Specially recommend-
ed for industrial and 
laboratory use 

• 200-410V. D.C. sta-
bilised output in 3 
switched ranges 

• Two meters for 
reading voltage and 
current simultane-
ously 

• 6.3v A.C. centre-tapped output at 4.5 amps 
available at front-panel terminals 

• Separate L.T. and H.T. supply transformers 

£27/7 "211,19,1r 
plus carriage 

Handbook supplied 
with each model 

MSP-1W (without £36/1716 (In Kit form 
£29/17/6) 

MSP-IM (with meters) £43/12/6 (In Kit form 
06/12/6) 

THE FAMOUS WELLER 
SOLDERING GUN 100w. 72/-

P. & P. 3 - 

BEULAH 
TRANSISTORISED 

VIDEO 
TELEVISION 
MONITORS 

• Specifically designed 
to work in conjunc-
tion with the wide 
range of economy 
type C.C.T.V. Cameras now available 

• Designed for use in either vertical or horizontal 
plane 

• Can be used in cars, aircraft, ships, trains, etc. 
• Coaxial input is arranged for linked loop working 
• Models supplied against special order for operaron 
from I2v battery 

• Smallest transistorised types available in the U.K. 
• Housed in strong metal cases 
• Designed for continuous working 
• Six Beulah Monitors can be stacked on a shelf only 

9" deep and 28)" wide 
• All controls situated at the front of the Monitors 
• Ventilation no problem in stacking -- negligible heat 

is generated 

e Touch trigger for inst.ynt 
heat plus focused spotlight 

Beulah -1400- 14- Monitor 75 gns 
Beulah -850- sr Monitor 69 gns 

1 EXCEPTIONAL VALUE IN INTERCOMS FOR 
LABORATORY 8. FACTORY USE! 

7-STATION TRANSISTORISED 
INTERCOM 

Master : 

14 gns 
Extensions 

2 gns. each 

• Audio and visual calling. 
• Battery operated, consumes current only v. hen 

talking or calling. 
• Extensions supplied separately up to 6. 
• 13.itter, life 300 I's. 

BEULAH CLOSED CIRCUIT 
TELEVISION CAMERAS 
• Designed and built in this country by 

specialist engineers 
• Offer versatile equipment with unrival-

led range of facilities at a fraction of 
the cost of many other systems 

BEULAH D800 
Standard Single Unit 

C.C.T.tr. CAMERA 

Supplied complete 
with cable and FI.5 
or FI.9 lens, and in 

the following 
versions: 

I. 405 lines R.F. output 100 mV. 
2. 405 lines Video output 1 V C.C.I.R. 
3. 625 lines Video output IV C.C.I.R. 
4 625 lines R.F. output 100 mV. 

ALL YOUR ELECTRONIC EQUIPMENT— SPARES— ACCESSORIES FROM ONE SOURCE 
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For further information circle 236 on Service Card 

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES FROM ONE SOURCE 

... all on call from the 

D.T.V. GROUP GIP 6166 
DEPT. I.E. 126 HAMILTON ROAD, WEST NORWOOD, LONDON, S.E.27 

* Our new premises bring together under one roof the combined resources of an 
up-to-date factory, stores and offices and will result in on even better service to 
our many customers in the Electronics tndastry 

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

e TERMS OF BUSINESS 
C.W.O., Pro Forma 
or approved account 

AC VOLTAGES: 

OCCURRENT: 
RESISTANCE: 

DECIBELS: 

AF OUTPUT 
SHORT TESTS 

UNIVERSAL 
TESTMETER 
TMK MULTITESTER 

Model 500 (Imported) 

£8/19/6 

DC VOLTAGES: 
0 0.25 1 2.5 10-25 - 
I 00-250-500-1,000V 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. 
XIK; XIOK; X 100K (60 Megohms 
max.). Centre scale readings 
350 ohms; 35 K. ohms; 350 K. 
ohms. 
-20 to -I-56 db (0 db I mW, 
600 ohms). 
Inte,nal blocking condenser. 
Internal buzzer. 

D.C. CURRENT - 

RESISTANCE 

CAPACITANCE . 

DECIBELS : 

MODEL TP-5S 
TESTMETER 
(Imported) 

£5119/6 
DC VOLTAGES: 
0-10-50-250 500-
1,000V (20 000 ohms 
per volt). 

AC VOLTAGES: 
0-10 -50-250-500-
I ,000V ( 10.000 ohms 
per volt). 

0-50 Microamps ; 0-5.50-500 

0-10-100 IC: 0-1-10 Meg. 
(centre scale readings 62 
ohms; 620 ohms; 6.2 K; 
62K). 
0.0001-0.005 Microfarads ; 
0.005-0.1 Microtarads. 
- 20 to -4- 36 db in 2 ranges. 

Appointed Distributors 
For TELEFUNKEN VALVES 

INDUSTRIAL TYPES 

Type 

5654 
5672 
5676 
5678 
5726 
5749 
5915 
5920 
5965 
6005 
6057 
6060 
6067 
6090 
6189 
6201 
6211 
6267 
6397 
6397 spec. 
6463 
6681 
6687 
6688 
6922 
7247 
7561 
7643 
7722 
8255 
E80CF 
E8I CC 
E82CC 
E83CC 
E86C 
E88CC 
E9OCC 
E9 1 AA 
E9 I H 
E92CC 
E95F 
EI3OL 
EI8OF 
E188CC 
E280F 
E288CC 
E810F 

Send trade heading for complete list and trade 
prices. Generous discounts to industrial users. 
Delay will be avoided if you permit us to send 
Pinnacle Valves as alternatives. 

Retail Industrial 
Equivalent Price Users Price 

each Min. Order 
ES 

40/- 23/4 
27/. 15/9 
29/. 16/11 
27/. 15/9 
22/- 12/10 

6AK5W 
DL620 

DF60 
EAA9015 
6BA6W 
EH9005 
E9OCC 

6AQ5W 
ECC1303S 
ECC8015 
ECC802/5 

25/6 14/11 
27/- 15/9 
33/6 19 7 
53/6 31 3 
53/6 31/3 
32/- 188 
30/- 17'6 
133/6 7711 

ECC802S 32/. 188 
ECC80IS 32/- 18/8 

33/- 19 3 
EF806S 38/- 22 2 
DL70 130/. 75/10 

139/6 81/5 
37/- 21/7 

ECC8035 53/6 31/3 
E H9005 25/6 14/11 
El 8OF 52/6 30/8 
E88CC 43/6 25/5 

11/- 6/S 
25L6 43/. 213/-
E80CF 51/. 29/9 
E280F 80/- 46/8 
E88C 53/6 31/3 
7643 51/- 29/9 
ECC8015 32/- 18/8 
ECC802.5 30/- 17/6 
ECC8035 53/6 31/3 
EC8065 41/6 24/3 
6922 43/6 25/5 
ECC960 27/. 15/9 
EAA90 1 S 22 - 12 10 
EH900S 256 14 II 
ECC962 27 - 15 9 
5654 40 - 234 

223 6 130 5 
EF86 1 52 6 30/8 

51 6 35/11 
7722 80 - 46/8 

63 6 37/1 
7788 108 - 63/-

THE ' BEUKIT' 
Completely Transistorised — Easy-to Build 

C.C. TELEVISION CAMERA KIT 
BUILD & OPERATE YOUR OWN T.V. CAMERA 
Supplied with special Printed Circuit Board of reg-
i,ered design and step by step Instruction Manual. 
Ideal for the Home constructor and Technical Schools 

NOTE: THESE KITS ARE NOT MFRS.' SURPLUS 
BUT A CONTINUOUS LINE. 

Easy Stage Construction 

KIT NO. 1 £18/1716 
With specification, principles of vidicon tube, scanning 
assem bly and optical system diagram. 

KIT NO. 2 £1611010 
With printed circuit board and associated components, 
circuit diagram, layout instructions and Instruction 
Manu 

KIT NO. 3 0/010 
VV ,th all v.anaistor and semiconductors. 

KIT NO. 4 £610/0 
With all metal work. 

Plus 7/6 Past & Pkg. for each Kit. Send s.a.e. for full 
details of each Kit. (Kits cannot be split. Instruction 
Manual cannot be supplied separately.) 

This Kit is a WORLD FIRST! 
The Camera works in conjunction with a standard 
405 Line T.V. Set. 

SEE IT NOW! 
Demonstrations are held daily at our Showrooms. 

SAVE MONEY... 
with the Complete Kit less £48 Plus 76 
vidicon and lens, in attrac- Post & Pkg. 
live display box. 
Factory assembled and tested Camera with vidicon 
less lens available at 69 ens. 

The best way to learn about Transistors and 
T.V. Cameras is to make a a BEUKIT'! 

• Experimenter's vidicon £.12 plus 7/6 Post 
and Pkg. 

• Special Beulah Z1 Economy Lens, £11— 
Lowest Price in U.K.! 
Fixed Iris F2. 1V, an excellent lens. 
focus from 9' to infinity. 

LOW PRICE 
N.P.N. — P.N.P. 
DYNAMIC 

TRANSISTOR 
TESTER 

WITH COMBINED 
POWER SUPPLY 

CHECKS With transis-
tors in situ Alpha gain 
—(AC gain). 

CHECKS Beta gain (cur-
rent gain under D.C. 
conditions). 

The above tests are made using the tester as self-con-
tamed unit, indication, display on neon indicator. 
To convert the D909 to the equivalent of a high priced 
tester and analyser, use an external meter and you can 
measure leakage current between collector/base and 
colleCor, emitter, at any voltage between zero and 25 
volts. 

SIGNAL TRACER. The oscillator in the D909 can be 
used as a Signal Tracer. 

Labour Saving • Speedy • Simple 
Sizes: 54-- x 3' x 21" 

FULL TECHNICAL DATA 
ON REQUEST I £10 Post Free 

ISOLATION M ake 

TRANSFORMERS 
Your Mains 

Outlets Safe 

D.T.V. 1-0058 — 250 WATT 
ISOLATION TRANSFORMER 
Input 200-230-250. Output 200 - 
230-230. Double wound in steel 
box. 

D.T.V. 1-0059 — 500 WATT 
ISOLATION TRANSFORMER 
Input 230 volts. Output 230 volts. 
Double wound in metal box. 

D.T.V. 1-0060 — moo Warr 
ISOLATION TRANSFORMER 
Input 210 volts. Output 230 volts. 
Double wound. 

Alternative Input and Output Voltages Available— 
State Requirements When Orde ing. 
Quality Prices t ; pun Application. 

£6/1/10 

£9/1/6 

£11/1/0 

trà 72,0à1\=). RECTIFIERS 

An important addition to D.T.V. agencies. We supply to 
the industry at manufacturers' prices. 

Latest developments from U.S.A.! 

FROM STOCK: TO ORDER: 
Silicon Rectifiers Solar Cells 
Silicon Controlled Photo Cells 

Rectifiers Send Business Heading 
Zener Diodes for Price List and Data 
Selenium Rectifiers Sheets 

NEW ZENER DIODE KIT! 
The cost of these items if bought individually would be 

more thon £20 

40 Zener Diodes and Design Hand-
book. L ist available. £10 

FOUR INTERNATIONAL RECTIFIER 
COMPANY PUBLICATIONS 

• Engineering Handbook. 128 pages. 
• Solar Cell & Photo Cell Handbook. Ill pages. 
• Zener Diode Handbook. 96 pages. 
• The Controlled Rectifier. 132 pages. 

ALL 15/9 m.h post. or Set of 4-63 post free 

ALL YOUR ELECTRONIC EQUIPMENT — SPARES — ACCESSORIES FROM ONE SOURCE 
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For further information circle 237 on Service Card 

High Performance Blower Size cut by two thirds! 

Five inches in diameter, 8 inches long and weighing only 

141 lbs., the new Plannair type 4PL-366-526 blower 

provides 80 c.f.m. at 2" s.w.g.! Blowers of comparable 

performance need a space up to 600 cu. in. The new 

Plannair blower occupies only 160 cu. in.—a space saving 

of 66%. In addition to saving space, the blower 

includes these outstanding design features: six axial stages— 

unique on small axial blowers—and impellers mounted on 

the rotating stator sleeve of the inside-out motor. 

The Type 4PL-366-526 is also outstanding from the aspect 

of long life with negligible maintenance— it offers 
10,000 hours operation without bearing re-lubrication. 

Electric supply 115 V. or 230 V. single phase 50 cycles; 

power input 140 watts at 2,800 r.p.m. 

Blowers for every project 

Whenever you need high pressure air from a compact 

reliable source, for special projects, or any situation 

demanding planned air movement or temperature control, 

call in the Plannair design team during the first stages 

of planning. This early consultation enables the 

Plannair experts to solve the most complex air movement 

problems quickly and economically by designing the 

right blower to meet your exact requirements. 

Write or telephone for full details on the new Plannair 

6-stage blower, for information on the complete Plannair 

range of blowers and the special Design Service. 

Plan with PLANNAIR—Specialists in Air Movement 

T WATTS AMPS RPM 
.. 

TEST SUPPLY .- 

CAPACITOR 

TEST DUCT 

r . 0.075 

115Y .IPH. 50 ,-• 

- 16 uf 

DIA 4-25 

lbs/cu. ft. 

- 

- 150— 

- 100— 

- 50— 

— -.-2500 

— 

2-.- 

1— 

0 

3000 30 

..ut 

RPM 

... 
25 

2.0 

I% 

.0 

I 5 WATTS 

1.0 

AMPS L 
05 

0 
o 20 40 

VOLUME 
60 80 100 

C.F.M. 
120 

Plannair Limited, Wmdfield House, Leatherhead, Surrey. Telephone: Leatherhead 4091/3 and 2231. 

PLA76 
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For further information circle 238 on Service Card 

A PROMISE 
IS A PROMISE 
IS A PROMISE 

Tharks not least to the finest postal service in 

the world you get Harwin Components when 
we promise them. Insulators, Lugs, Stand-offs, 

Brackets, Terminal Boards, Chassis Fittings, 
etc. Reliable, precise, rigidly inspected, and 

delivered to you post haste. 

HARWIN ENGINEERS LTD • RODNEY ROAD • PORTSMOUTH 

HAMPSHIRE • TELEPHONE: PORTSMOUTH 35555 (4 lines) 

As Mini-Tronic says: 
When time and space are tight, 

HARWIN see you right' 

Just telephone or write 

GREAT FOR MINIATURE ELECTRONIC COMPONENTS 
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For further information circle 239 on Service Card 

WONDERFUL NEWS! 
IN 

ELECTROLYTIC CAPACITORS 
ALUMINIUM FOIL CAPACITORS FOR TRANSISTOR AND OTHER LOW VOLTAGE CIRCUITS 

ALL-MOULDED PLASTIC ENCAPSULATION 

* HERMETICALLY SEALED ALL-PLASTIC 
ENCASEMENT 

* ULTRA-SMALL SIZES WITH CAPACITIES TO 200 uF 

* CLOSE TOLERANCE DIMENSIONS 

* LEAD SPACING TO .015" 

* HIGH RELIABILITY BY CLOSE QUALITY CONTROL 
PROVEN IN THE EXACTING U.S. MARKET 

* SURPRISINGLY LOW COST 

* FAST DELIVERY 

FOR FULL INFORMATION WRITE OR PHONE: 

TECHNICAL 

CAP. TOL. — 20% + 100% OF RATED 

DISSIPATION FACTOR EXTREMELY LOW - 
LESS THAN 8% AT 50 WVDC 

D.C. LEAKAGE EXTREMELY LOW - LESS THAN 6 UA 
AFTER 1 MIN APPLIED WVDC 

OPERATING TEMP. 65°C AT RATED WVDC 

II IPS INTERNATIONAL LTD. 
SHANNON AIRPORT 

IRELAND 
SHANNON 245 
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For further information circle 240 on Service Card 

Industrial Electronics July 1963 

"Here's u really lively character 

• 

••••••• 

THE NEW 
HARWIN 

12 Character 
INDICATOR 

UNIT 

says Mini Tronic 

• 
• • 

• •• • • 
• • • ••• 
• • • • • • • • • • 

The new HARWIN Indicator Unit is 

a marvel in miniature equipment; 

Only 2+}" long 1" wide and 137-i" deep, 

(excluding plug pins), it is fitted with 

a plug base and mounting socket for 

instant interchange without tools, and 

it uses bulbs of 28, 12 or 6 volts. 

Although its glass window is only 

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

maximum clarity and visibility. Like 

all HARWIN miniature electronic 

components it's a precision 

made instrument, backed by the 

HARWIN speed of service. 

Send for illustrated leaflet. 

Smaller. „ Lighter... Brighter 

• • • • • • • • • • • • • • • • • 

Great for miniature electronic components 
HARWIN ENGINEERS LTD. 

RODNEY ROAD 

PORTSMOUTH, HANTS. 

Tel: Portsmouth 35555 (4 lines) 
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For further information circle 241 on Service Card 

/el DC 0 L  
(Ra9d.Trada Mal) 

HIGH EFFICIENCY 

SOLDERING INSTRUMENTS 

FOR 

BENCH LINE PRODUCTION 

Apply direct to 

Head Office Sales and Service 

ADCOLA PRODUCTS LTD. 
ADCOLA HOUSE 
GAUDEN ROAD 
LONDON S.W.4 

Telephones 

MACaulay 

4272 

and 

3101 

34 

Telegrams 

SOLJOINT, LONDON S.W.4 

For further information circle 242 on Service Card 

WHITELEY 

have 
built 

for 
quality 

electronic 
components 

a high 
reputation 

and 
reliability 

The items shown here are representative of the extensive 
variety of products manufactured by the Whiteley organisa-
tion. Our technical resources are available for the develop-
ment and production of specialised components for the 
electronic industry. 

Get in touch with us NOW. 

WHITELEY ELECTRICAL RADIO CO LTD 
MANSFIELD • NCYFTS • hit-Phone: Mansfield 1762-5 
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For further information circle 244 on Service Card For further information circle 246 on Service Card 

WECOWA y 
TAB TYPE 

Plug-in CABLE coNNErrotts 

NOWAY . KEMP tOW/I . two, 1114$7011 7. mums fee 

* Have you a copy of this NEW Metway 
list, dealing specifically with Wecoway 
Connector Blocks for Faston' type 
connections ? If not write now for 
List No. MEI/62A/IE 

OBTAINABLE FROM ALL GOOD WHOLESALERS OR DIRECT 

METWAY • KEMP TOWN BRIGHTON 7 

For further information circle 245 on Service Card 

for all interested in ferrite 

materials and their 

applications in computers 

Square-loop Ferrite Circuitry 

storage and logic techniques 

C. J. QUARTLY M.A. 

Describes the behaviour of square-loop ferrite materials and their 
application in memory stores for digital computers, both in large 
computers and in small data handling equipment. Early chapters 
describe the historical developments and then discuss the properties 
of square-loop materials in general. Various systems—coincident 
drive storage, word address storage and faster storage—are then 
described in detail. Further chapters explain fully non-destructive 
read-out, the construction of stores, special purpose stores, circuits 
in storage systems, logical circuits, multi-apertured logical elements 
and counting circuits using more than two flux levels. 

42s net by post 42s I Id. 100 pages, 92 diagrams 

obtainable from leading booksellers 

I LI FFE Books Ltd. DORSET HOUSE, STAMFORD ST. LONDON, S.E. I 
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METEOR COIL WINDERS 

(SWISS MADE) 

No gears to cause backlash 
Suitable for winding wires as small 
as 0 -0004 in. diameter. Arranged for 
single or multiple winding; layer 
shortening device available. 
Traverse is obtained by 
magnetic clamping on 
to a non-reversing steel 
tape. 
Extremely fine reversal 
settings by 
micro limit 
switches. 
Stops auto-
matically if 
wire breaks. 

Demonstrations arranged 
at our London works on 
request. 

Please write for leaflet. 

SOLE AGENTS FOR THE U.K. 

ACBA RS LTD. 

eel 'teNtets 

íL ,f"ii 

331-3 WALWORTH ROAD, LONDON, S.E.I7 RODney 7822 
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THERE ARE MORE THAN 

40,000 FRAMES OF PROGRAMMED INSTRUCTION 

IN USE WITH THE USI AUTOTUTOR MK. ll 

Full details 

will be 

sent on request 

.111LUI U.S. INDUSTRIES INC. GREAT BRITAIN LTD. 

1-5 NEW BOND STREET • LONDON W1 • HYDE PARK 3416 
0-32 
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Numerical methods for 
high speed computers 
G. N. Lance, tvi SC, PH D, MAIS, AFR ALS 

This book assembles the most useful numerical methods developed 
by research mathematicians, with the particular aim of explaining 
the facilities that computers offer. Most of these methods have 
never been published before except to a very limited readership 
and all have been tested for their practical value. The book will 
be found invaluable by mathematicians, programmers, engineers, 
physicists and scientists generally. 

42s net by post 42s I Id 166 pages from leading booksellers 

Published by ILIFFE Books Ltd. 
DORSET HOUSE, STAMFORD STREET, LONDON, S.E.I 
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HAVE YOU A 

SEALING PROBLEM. 

TELCON METALS LTD 

For this 9 inch diameter glass to metal sealing ring 

MULLARD LTD 
use TELCOSEAL 1, one of the five glass sealing alloys 

manufactured by 

TELCON METALS LTD 
These are available as strip up to 6' wide (normal 
production) in thicknesses down to 0.008', but widths 
of 10', 12" and 18' can be specially produced. All alloys 

can be supplied in the forms of drawn wire and rod. 
For further details, please apply to: 

P.O. Box 12 Manor Royal • Crawler Sussex • Tele;/ rawley 28800 • Telex: 8748 • Telegrams: Telcon, Crawley 

MEMBER OF THE 1:1133 .1ClITP OF COMPANIES 
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Introduction to Electromagnetic Fields and Waves 
C. A. HOLT, Department of Electrical Engineering, 

Virginia Polytechnic Institute 

This book is an introduction to the fundamental ideas of 

electromagnetic field theory. Traditionally, introductory texts 

on field theory begin with and emphasize the study of the 

special case of statics. In this book the emphasis is on the 

study of dynamic, time-changing electromagnetisms. 

599 pages, 94s. 

Introduction to Linear Systems Analysis 
ROBERT G. BROWN and JAMES W. NILSSON, both 

Professors of Electrical Enaineering 

Iowa State University 

This book is an attempt to fill the need for an introductory 

treatment of linear systems analysis which includes some of the 

basic ideas of random processes, as well as, the usual material 

dealing with explicit driving functions. The emphasis of the 

book is on applications of transform methods to physical 

problems, and it is intended for use by all engineers rather than 

just electrical engineers. 400 pages, 79s. 

John Wiley • Interscience 
Glen House • Stag Place • London SW1 

itegenenleggiganagegagenerallennene 
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10-1d BLACK • SMOOTH • LONG WEARING 

EXCELLENT FOR BLUE PRINTS 

10H TO 8B • FROM DRAWING OFFICE 
SUPPLIERS AND STATIONERS EACH 

FABER-CMITELL 
Faber-Castell are also famous for slide rules and 

offer a wide range including student models 
from 27/6. Ask for literature. 

Sole agent U.K.: Made in Bavaria 

DERRICK BROS. LTD., 20-24 Kirby Street. London, E.C.1 
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delivery 
dates ARE 
important 

W
e know the importance of making realistic 
delivery promises, and abiding by them. 
We know that cabinets and consoles to 

house electrical and electronic equipment often 

have to be designed and produced in a hurry and we 

are organised to do this. We know that a major 
factor in our success is the close personal contact 
we establish and maintain with our customers at 
every stage of project development. We know that 

tricky one-off special jobs can be a headache to 
some people, but we like handling them. We think 

we are useful people to know and we would like 
you to know us. May we send you our literature? 

nassizilr L. Ilarper bc1 
REGENT PLACE • BIRMINGHAM 1 

TELEPHONE: CENTRAL 6418 

ESSENTIAL 
for sampling 

and 

monitoring 

R 

R. J. Hendrey, 
Founder and 

Managing 
Director) 

HENDREY 

Mercury Vapour 

Concentration Meter 

Type E 3472 

Hendrey Relays 

HENDREY RELAYS LTD. 39]-394 BATH ROAD • SLOUGH • BUCKS 
Telephone: Burnham 609 611 Telegrams: "Hendrelay", Slough 

MANUFACTURING ELECTRICAL ENGINEERS 

CONTROL AND LABORATORY APPARATUS 

On Admiralty. Principal Ministries and Post Office Lists. 

A.R.B. & M.O.A. Approved Inspection 
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- 

The finest testing instruments are 
11 L" IL el 

VOLTAGE INDICATOR 
This new unique instrument is the perfect substitute for test lamps. It operates 

in the 50-600 volt range at any frequency and on D.C. It fits comfortably into 
the hand, measures only 3r • 21" •- y", is almost unbreakable, and has no 

moving parts. Indication is by four neon tubes which light progressively as 

the voltage rises. The use of a number of tubes is an additional safety 

..-...1\  factor as at the higher and more lethal voltages more than one lamp is 

illuminated. Fully fused and protected. Can be used to ascertain polarity. 

11 1 

VOLTAGE TESTER 
The MARTINDALE Model F.P. Voltage Tester incorporates 
exclusive features and advantages (including unique prod 
design) that make for maximum efficiency with complete 
safety. Instantly records voltage (up to 600), whether A.C. 
or D.C., if wires dead or alive, which is " earth ". Fully fused 
and protected. A low Voltage Tester L V. F.P. is also available 
for 24l00 voltages. 

Witte for illustrated 
descriptive 
leaflet to 

MARTINDALE ELECTRIC CO. LTD., Dept. HI, Movitex House, 6 Empire Way, Wembley, Middlesex. Tel: Wembley 30.11 
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An important new book—the first fully 
comprehensive work to appear in this field 

ultrasonic 
flaw detection 
in metals 
B. Banks, A.M.Insl.W., Hon.F.N.D.T.S. 

G. E. Oldfield, A.Met., A.I.M. 

H. Rawding, A.N.D.T.S. 

Theory and practice 

This book covers what is now one of the most 
important branches of the new science of non-
destructive testing. The use of ultrasonics extends 
from the examination of material before initial work-
ing to the subsequent periodic examination of com-
ponents and structures after installation to detect 
flaws caused by such factors as metal fatigue or 
irradiation. Invaluable to all engineers connected 
with quality production and, above all, gives the 
Test Inspectorate the " know-how" which otherwise 
would take many years of personal experience to 
acquire. 

63s net by post 64s 256 pp. plus 30 pp. of plates 

obtainable from leading booksellers 

Published for W ELDING AND METAL FABRICATION by 

ILIFFE Books Ltd. 

Dorset House, Stamford Street, London, S.E. I. 
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Illuminated 
PUSH-BUTTON 

SWITCHES 

TWIN LIGHT VERSION 

Up to two change/over switches 230V A.C. 6 amps, 
momentary or push/push, fast action. 5 colours, single 
or two colour screens with light barrier. Wide range 
of lamp voltages. Matching annunciators available. Write 

for full details and prices. 

DUBESCO Laboratories Limited 
5 Violet Hill. London N.W.8. 

MAIda Vale 4577 
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VISUAL INDICATOR for TRANSISTORISED 
CIRCUITS 
FUJITSU TG121A 
Cold Cathode 

Controlled by low 

voltage signals (4-5) 

Long Life 

ri 
WALMORE ELECTRONICS LTD. 
11-15 Betterton Street, Drury Lane, London, W.C.2 
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OXLEY 
DEVELOPMENTS 

CO. LTD. 

SOLDERLESS 
WRAPPED 

JOINTS 
CHARACTERISTICS 

Chassis thickness ... 16-18 SWG-048/064"—I.2/1.6 mm 
Capacity ... Less than 1.5 pF 
Operating tem-
perature ... —55°C to + 200°C 

The Oxley " Barb" solderless wrapped connector is 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. 1138. 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. 

ACTUAL SIZE BRITISH 

c=c9neel-
& FOREIGN 

PATENTS 

Write for Technical Details of these and other Oxley products. 

OXLEY DEVELOPMENTS CO. LTD ULVERSTON, LANCE. 

Small size (8mm dia.) 

Self resetting 

Telephone: Temple Bar 0201,5 Telex: London 28752 
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An essential book for 

research workers and 

designers .. . 

MICROWAVE 
DATA TABLES 
by A. E. Booth, M.I.R.E., GRADUATE I.E.E. 

This book forms an accurate and labour-saving 
aid for computations involving basic microwave 
quantities which occur continually in design and 
development work on waveguides and similar 
transmission lines, such as decibel 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 
figures in the tables have been computed on a 
Pegasus electronic digital computer to the limit 

27s. 6c1. net of practical measuring accuracy. 
by post 28s. 8d. 

Over 23,000 separate computations 

from leading booksellers 

Published by 

1LIFFE Books Ltd., 

Dorset House, Stamford Street, London, S.E.I 
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INDUSTRIAL 
ELECTRONICS 

Press date for the August 1963 issue is 

first post 24th July 1963 

CLASSIFIED ADVERTISEMENTS 
Advertisement Rates. 6d. per word, minimum charge 6/-, each paragraph charged 
separately. Remittances payable to" Industrial Electronics", Dorset House, Stamford 
St., S.E.1. Series discount of 15% is allowed for 12 consecutive insertions. 
Box Numbers are available at an additional charge of 2/- to defray cost of registration 
and postage. Replies should be addressed Box No. 0000, do " Industrial 
Electronics", Dorset House, Stamford Street, London, S.E.I. 
Semi-Display advertisements with centralized lines £ 11151- 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. 

PATENTS 

Patent No: 869,703 entitled " Electronic Computer" 
is for sale or licence. For details apply to CH ATWIN 
& COMPANY, Chartered Patent Agents, 253, Gray's 
Inn Road, London, W.C.I. 

BOOKS, ETC. 

"LAPLACE Transforms for Electrical Engineers." 
By B. J. Starkey, Dipl.Ing., A.M.I.E.E. A 
presentation of the theory of the Laplace trans-
formation in which a physical vocabulary rather 

12029 than a purely mathematical one is used as far as 
possible in an attempt to attain the utmost simpli-
city. This method of analysis has become of 
increasing importance to electrical engineers in 
many fields during recent years, and the work is 
designed to provide a thorough treatment of the 
subjçct in a language with which they will be 
familiar. 30s net from all booksellers. By post 
Xis 2d from the publishers: Iliffe Books Ltd., 
Dorset House, Stamford Street, London, S.E.I. 

MISCELLANEOUS 

PHOTO-ELECTRIC CONTROLS 

for industry 

Send for catalogues 

HIRD-BROWN LIMITED 

FLASH STREET, BOLTON 
Telephone 27311 

"RADIO Interference Suppression: As Applied 
to Radio and Television Reception." By G. L. 
Stephens, A.M.I.E.E. 2nd Ed. An up-to-date 
guide to the various methods of suppressing elec-
trical interference with radio and television recep-
tion. Many practical applications are given, 
particular attention being paid to the problem 
of interference at television frequencies. Other 
chapters deal with the design and choice of 
suppressor components, methods of locating the 
source of interference, and suppression at the 
receiver itself. lOs 6d net from all booksellers. 
By post Ils 2d from Iliffe Books Ltd., Dorset 

12027 House, Stamford Street, S.E.1. 
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THE BEST THAT AMERICA CAN OFFER 

Health Physics and Nuclear Test Equipment. Miniature and Sub-

miniature Neutron Detectors. Rack and Panel Connectors. 

V.R. Tubes. Satellite Instrumentation. Television Deflection 

Components 1"-e,". Complete Process, A-Z of Printed Circuitry, 

Apparatus, Chemicals, etc. Class A-H Insulations, P.T.F.E., 

Plastic Tapes. Samica. Isomica. Flexible Laminations. A range 

of Radio and Stable Isotope Compounds. 

Offered by: 

T. J. SAS 81 SON LTD. 
23 UPPER BROOK ST., LONDON, W.1 

Telephone: HYDe Park 0521 

EXCLUSIVE U.K. DISTRIBUTORS for • 

Etchomatic Inc. 

Lionel Laboratories Inc. 

Cleveland Electronics Inc. 

Irvington and Mico Divisions of the 3M Co. 

Industrial Electronics July 1963 

"LONG-WAVE and Medium-wave Propagation." 
by H. E. Farrow, Grad.I.E.E., B.B.C. Engineer-
ing Training Department. The main features o 
propagation at low and medium frequencies, 30-
3,000kc/s, and in particular the broadcasting 
bands 150-2135kc/s and 525-1,650kc/s, are ex-
plained. There are sections on aerials, ground 
and sky-waves attenuation due to earth losses, 
recovery effects, mixed path propagation, syn-
chronized group working, ionospheric reflection, 
fading and low-power installations. 4s 6d net from 
all booksellers. By post 4s 10d from Iliffe Books 
Ltd., Dorset House, Stamford Street, London, 
S.E.I. 

"RADIO Circuits: A step-by-step Survey." By 
W. E. Miller, M.A.(Cantab.), M.Brit.I.R.E. 
Revised by E. A. W. Spreadbury, M.Brit.I.R.E. 
associate editor of WIRELESS & ELECTRICAL 
TRADER. This established introduction to super-
heterodyne receiver circuits has been greatly 
enlarged and brought completely up to date with 
the inclusion of transistor and f.m. receivers; 
there are new chapters covering battery receivers 
and car radio sets, while the modern a.m./f.m 
receiver is fully described. Mathematics and 
obscure theoretical considerations are entirely 
omitted, and over 80 easy-to-follow circuit 
diagrams are explained in a simple but practical 
manner, splitting up the circuit into sections and 
working from the aerial terminal through to the 
loudspeakers. 15s net from all booksellers. By post 
15s 10d from Iliffe Books Ltd., Dorset House, Stam-
ford Street, London, S.E.1. 
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ELLIOTT-AUTOMATION 
LIMITED 

SUMMARY OF RESULTS AND POINTS OF INTEREST 1962 
(in appro.tioune figures) 

Group Sales  £36,000,000 
Profit before Debenture Interest and Tax £3,188,000 

(being 8.9" 0 on Sales) 
Profit before Tax £2,862,000 

(being I8.(1" „ ' in 1.1 il,h • As,) 

of which Taxation toc £1,349,000.s 47%   

Preierence Dividends 5% £ 32,000 

Ordinary Dividends 21%  £601,000 
Retained in Business 27% £780,000 

Depreciation   £736.000 

Cash Flow (Retained Profits plus Depreciation)  £1.516,000 

Fixed Assets Acquired (gross)   £2,150,000 
(e, lading a., sets brought in by newly-acquired contpanies) 

Earnings before Tax per 5s. Ordy. Share is. 11A. 

Number of Shareholders*  21,000 

Number of Employees in U.K.*  15,500 

Factory Floor Area in U.K.* 2,100,000 sq. ft. 
•Average for _Year 

There are over 100 operating Companies 

and Divisions in the Group 

Copies of the full Report and Accounts can be obtained from 
The Secretary, 34 PORI LAND PLACE, LONDON, w.l. 
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ARE YOU UP-TO-DATE WITH MINIATURE PLUG-IN 
YOUR SOLDERING 

TECHNIQUE? RELAYS 

eZ 

A new Adamin mains model is the 
COL. shown on a Bench stand 
which we also manufacture. This 
model is probably the smallest mains 
voltage model in che world. BIT 
DIAMETER. 3/32 in. L ENGTH. 7 in. 
WEIGHT, g oz. ( Less Flex). HEATS 

IN 30 seconds. 

Brochures A & L30 

post free from the sole proprietors:— 

There is a large range 

of instruments (BIT 

sizes 1/32 in. to 13/32 

in.) and accessories 

marketed under the 

names of . . . 

ADAMIN and 

LITESOLD 

Get the brochures 
and see for 

yourself what 

others are 
using! 

LIGHT SOLDERING DEVELOPMENTS LTD. 
28 SYD.fflHAM ROAD, CROYDON, SURREY. Telephone: CROydon 8589 

I I  

o 

Operate 
D.C. Volts Type 
6 Volts 68.5 m/A (MQP 108) 
12 Volts 37. in/A (MQP 208) 
24 Volts 19.5 miA (MQP 308) 
48 Volts 10-2 m A (MQP 408) 
100 Volts 4-9 m A (MQP 508) 

Fitted 4 C (o, 1 amp— I00 V.D.C. 
Operate Time 6 m/S. Release Time 4 miS. 
Insulation up to 250 V.A.C. Twin Contacts. 

Temperature — 10-C. to -;-- 40-C. 
Mounting only requires 2 screws. Fitting 
supplied with Relay. Mounting rack can be 
supplied for 36 Relays. P.O. 19" >t 31". These 
racks can be cut to any size. Weight of Relay 

43 grams. 

A.D.S. RELAYS LTD 
89 — 97, ST.JONN STREET, CLERKENWELL,E.C.1 

Telephone: CLErke.nwell 3395/4/5 
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LAPLACE TRANSFORMS FOR ELECTRICAL ENGINEERS 

By B. J. Starkey, Dipl.Ing., A.M.I.E.E. 

presentation of the theory of Laplace transfor-

mation in which a physical vocabulary rather 

than a purely mathematical one is used as far as 

possible. This method of analysis has become 

of increasing importance to electrical engineers 

in many fields, and the work is designed to 

provide them with a thorough treatment of the 

subject in a language with which they will be 

familiar. 

30s. net BY POST 31s. 2d. 
From leading booksellers, published by ILIFFE Books Ltd., Dorset House, Stamford Street, London, S.E.s 
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TIME-BASE 

f. 

OSCILLOSCOPE 

• 

amyl, 

411w 

HIGH CAPACII ANCE 

alai-ECTIROLYTICS 

FOR!RELIABILITY 
AMPLIFIH• 

QUA 

FeEnFOR 

T.C.C. Electrolytics provide, in extremely 
compact form, the large capacitance essen-
tial to the effective smoothing of heavy D.C. 
current. 
They have exceptionally low leakage char-
acteristics and can be relied upon for long, 
trouble-free life. Available in a wide range— 
from 570 1F at 300V to 25,000 F at 15V - and 
can be readily assembled in large banks for 
smoothing exceptionally heavy current sup-
plies. Post the coupon opposite to obtain a 
copy of T.C.C. Bulletin No.92 which contains 
full details. 

ITV 

ANCE 

THE TELEGRAPH CONDENSER CO. LTD. 
WALES FARM RD • NORTH ACTON • LONDON W.3 

Please send me a copy of T.C.C. Bulletin No. 92 

NAME 

ADDRESS 

I.E.1 

THE TELEGRAPH TELEGRAPH CONDENSER CO. LTD. (Head Office and W or k 9)N*M ACM, London, errni: AZW-0061 

(Also at) Chessington, Surrey Bathgate, Scotland 
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PAR,T, E KO 
CONTROL AMPLIFIER 

TYPE P3029 
incorporating D.C. INTEGRATING AMPLIFIER 

and S.C.R. TRIGGER UNIT 

ief I ll//14 The Parmeko Control Amplifier provides in one unit all the 
requirements for controlling silicon controlled rectifiers. It 

consists of three basic Parmeko potted circuit elements 

arranged to provide a reference supply, a D.C. error integrating amplifier, and a variable phase gate 

firing circuit. These combined facilities make this amplifier ideal for use in equipment for applica-

tions such as motor speed control, power supply regulations, and alternator voltage regulation, etc. 

Write for list No. 790 giving full technical 
specifications 

PARMEKO LIMITED, 
PERCY ROAD, LEICESTER, ENGLAND 




