


For further information circle 200 on Service Card 

LOOK NO CONTACTS! 
NORBIT STATIC SWITCHES 
for automatic control systems 
NEVER NEED MAINTENANCE 
No maintenance, no sneak circuits', 
operation in any position, constant speed 
and a life unaffected by the number of 
operations. 
These are only some of the many reasons 
why electrical and electro-mechanical engi-
neers, in increasing numbers, are using 
Norbit static switches instead of relays in a 
wide variety of automatic control and 
alarm applications, from lift systems to 
food processes. 
Since they use no moving parts contactless 
Norbit switches need no adjustments, no 
cleaning and suffer no mechanical wear or 
variation in operating speed. Time wasting 
'cut and try' methods are also eliminated 
during system design— using Norbits you 
can plan your complete system on paper 
and know that what you plan will work in 
practice. 
Furthermore, one basic Norbit gives you 
any switching function you need. No con-
tacts, no sparking, no heat to dissipate, 

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

Here's all you need to know flow 
does the Norbit switch if it uses no contacts? 
Just regard the Norbit as a switch which 
does not open or close, but one which 
either conducts or does not conduct. 
Furthermore, there's no need for you to 
know any electronic theory to understand 
Norhits and apply their many advantages. 

Free to the practical engineer Write 
for a free copy of ' Static Switching Simply 
Explained'. This booklet gives you a 
completely non-mathematical explanation 
of Norbit static switches— what they can do 
and how they can be used. Write today for 
this practical guide to contactless switching 
using Norbits. 

MULLARD EQUIPMENT LIMITED 

MANOR ROYAL, CRAN;VLEY, SUSSEX 

Telephone Crawley 28787 
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755 Automatic Blade Angle Control for Motor Graders 

by A. T. MacDonald, B.Sc. 

In the construction of roads and airfields the ground has to be 

shaped to some prescribed slope. This is done with a motor grader. 

The operation is greatly assisted by automatic control of the blade 

in the grader so that its angle is maintained correctly despite the 

movement of the grader over rough ground. 

759 Test Rigs for Torque Converters 

The testing of motor-car gearboxes and differentials, as well as other 

forms of torque converter, can be carried out automatically according 

to a pre-arranged programme. This article describes equipment in 

which electric motors provide the drive power and simulate the load. 

The apparatus can be manually-controlled for research or auto-

matically for routine testing. 

780 Linear Delay Circuits Using Constant Current Diode 

by S. S. Hakim, Ph. D., B.Sc. 

The article describes a linear delay circuit using a constant-current 

diode as part of the timing circuit of a monostable multivibrator. 

The pulse-width-control-voltage' characteristic is linear over quite 

a wide range. An application of the constant-current diode to a 
linear pulse stretcher is also described. 

783 The Owen Bridge hy K. Pose!, Ph. D. 

According to the generalized classification the Owen bridge is what 

is termed an 'adjacent balancing-arm' type of bridge. This con-

figuration is prone to shielding difficulties which are shown to be 
removed by inserting a balancing arm in series with the unknown. 

The aims of this paper are firstly to pay attention in general to the 

resulting configuration and secondly to investigate in this regard the 

specific case of the Owen bridge when component residuals are taken 

into account. It is shown that care is necessary in the interpretation 

of what is termed the 'short-circuit' test results as the case can easily 

arise in which, contradictory to views now held in the relevant 

published literature, the short-circuit test decreases, instead of 

enhancing, the accuracy of the determination of the unknown 

inductance. A remedy for this situation is suggested. Experimental 
evidence in support of the derived theory is provided. 

continued overleaf 
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789 Dynamic Balancing Machines hi D. E. T.v.ruck 

This article discusses the various methods employed to determine 

where balancing weights should be placed on rotating devices in 

order to minimize vibration. In most cases balancing weights 

placed in two different planes suffice, but sometimes they must be in 

three or four planes. 

FEATURES 
758 Spectrometer Increases 

Foundry Production 

767 New X-Ray Microscope 

768 Eddy-Current Coupling 

769 Electronics in Thermal 
Analysis 

769 New V.H.F. Aerial 

770 Equipment Review 

782 Excess Demand Warning 
System for Steelmaking 
Plant 

782 Standard Frequency Re-
ceiver 

Next Month 

787 STEVI Provides Safety 
Shut-down 

788 Illustrated News 

792 New Real-Time Computer 

793 Illustrated News 

794 Industrial News 

797 Correspondence 

797 New Books 

798 Manufacturers' Literature 

799 Annual Index to Editorial 

43 Classified Advertisements 

44 Index to Advertisers 

The January issue will contain an article discussing the mechanical 
requirements for the automatic control of machine tools. Other 
articles will deal with the measurement of vibration in the develop-
ment of steam turbines and with the recording of level and 
temperature in storage tanks. 

DECEMBER I 9 6 3 

OUR COVER 

This shows a motor grader with electronic blade 
control preparing a new rood formation to the fine 
limits required by modern specifications. It is an 
Aveling-Barford all-wheel drive and all-wheel steer-
ing grader equipped with Sperry •Crademaster' 
automatic blade control. Elsewhere in this issue 
an article describes the control system 

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. 

C) Biffe Electrical Publications Ltd., 1963 

Permission in writing front the Editor must first be obtained before letterpress or illustrations are reproduced front Mis journal. Brief abstracts 
or comments are allowed provided acknowledgment to the journal is given. 
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DISC SEAL VALVES 
(take your pick from this complete and remarkable range) 

Here is a complete range of disc seal valves offering powers 

to lkW and frequencies up to 4000 Mcis. 
In co- axial circuits over the frequency range 500-2000 Mcis the DET24 

gives outputs of 15W to 1W, but several DET24's paralleled in a radial 

cavity will give increased output at television UHF frequencies. Below 

500 Mc s, simple lumped circuits can be used to give a performance 

superior to double tetrodes of comparable rating. 

Industrial Electronics December 1963 

DET22 DET23 DET24 DET29 ACT22 AC128A 

Pout (W) 2.5 2.5 10 1.5 35 1000 

350 frog Lency 
(kids) 

1500 1500 1000 

400 

4000 1000 

Va (VJ 350 350 450 600 1500 

Pa ( W) 10 10 20 10 75 1500 

Our technical information centre is ready to help with your application problems. Write for full data sheets on 

these or other M-0 V products, or telephone RIVerside 3431. Telex 23435. 

M-0 VALVE CO LTD 
BROOK GREEN WORKS • HAMMERSMITH • LONDON W6 
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CUSTOM-BUILT OR READY-MADE SIC Thir Film Circuits are now available ready-made 
or manufactured to order. Custom-built circuits are 

being developed, produced and delivered at extremely short notice. Six ready-made circuits a-e immedi-
ately available; among them, Amplifiers, Logic Networks, Trigger Circuits & Multivibrators. All STC 
Thin Film Circuits are manufactured under Full Quality Control; subjected to SIC Quality Assurance 
Testing. For full information write, ' phone or Telex to: Components Group, Capacitor Division, Standard 
Telephones & Cables Limited, Footscray, Sidcup, Kent. Telephone Footscray 3333; Telex 21836. 

high grade electronic components by S 
COMPONENTS GROUP 

63 16MC 
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WELWYN 
METAL FILM 

RESISTORS... 

WELWYN 
TYPE 

OHMIC 
RANGE 

RATING 
(WATTS a, 70°C) 

BODY 
LENGTH 
MAX. 

BODY 
DIAMETER 
MAX. 

LEAD 
LENGTH 
MAX. 

LEAD 
DIAMETER 
S.W.G. 

M3 1000-250K 
ii 

0437 0165 ' 1625" 23 

M4 10011-250K 1 0615 0200 1.625 23 

M5 1000-250K 0820 0258 1.625 21 

SELECTION TOLERANCE: + 1% 

TEMPERATURE COEFFICIENT: + 100 p.p.m. ,°C OVER THE 

AMBIENT TEMPERATURE RANGE 

— 55°C TO 125°C AT WHICH 

THESE RESISTORS CAN BE 
OPERATED 
+ 50 p.p.m./°C TO SPECIAL ORDER 

AFTER 2,000 HOURS FULL LOAD 
AT 70 C IN CONFORMANCE 
WITH DEF 5114 THE MAXIMUM 

CHANGE IN RESISTANCE WILL 

NOT EXCEED 0 25"„ 

STABILITY: 

NOISE: LESS THAN 01 , v PER VOLT 

E LAN VN 
M S 

WRITE NOW FOR FULL DETAILS 

M5 

M4 

M3 
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Miniature multi-aperture 
core provides simple and 

reliable magnetic logic element 

Mullard introduces Laddic 

An important contribution towards the development of logic 
systems has been made by the availability of laddic. Laddic 

is a miniature ladder-shaped core of square-loop ferrite 
material which, by means of suitable winding configurations, 

can perform logic functions. It is simple in construction 

(being merely a ferrite core with windings), has an extremely 

high reliability, and can be easily arranged to fail to safety. 
The Mullard laddic core is 0.8 0.13in and 0.08in thick. 

It has eleven apertures and the geometry has been designed 

to give a good signal-to-noise ratio. 

OPERATION 
There are many possible winding configurations for laddic 
cores but a simple configuration enabling the logic function 
AND to be performed is shown in the diagram. A current pulse 
in the 'Set' windings of sufficient amplitude to saturate the 
material produces, for example, the magnetic flux pattern 
shown. A pulse of opposite polarity in the ' Drive' winding will 
reverse the flux in the shortest closed path. In this case, the flux 
will be reversed in rungs A and B and the sections of the side 
rails joining them. There will be little flux change in other parts 
of the core. 

If, however, ' Hold' winding B is energised so that it opposes 
the flux reversal in rung B produced by the ' Drive' pulse, the 
reversal will have to take place along the next shortest path. 
Rung C is already saturated in the 'reverse' direction by the 'Set' 
winding, so the flux reversal will occur in rung D. By also ener-
gising ' Hold' winding D to oppose the flux change, the reversal 
will occur in rung F, and when all the intermediate ' Hold' wind-
ings are energised, the reversal will be transferred to rung K and 
so induce a pulse in the 'Output' winding. 

LOGIC FUNCTIONS 
An output pulse will occur if, and only if, all the ' Hold' windings 
are energised. In other words, the laddic performs the logic 
function AND. More than one 'Hold' winding can be wound 
on one rung but as the flux reversal in that rung can be prevented 
by energising only one, the logic function OR can be performed. 
Other logic functions can be performed by suitably designed 
winding configurations. 
As long as the ' Hold' and ' Drive' pulses overlap for a time 

Hold Hold 
D 

A •4 '13 C • - E •F G • ',I 1 • 

Magnetic flux patterns in an eleven-
aperture laddic core produced by 

the current pulses in the 'Set' winding 

Output 

greater than the material switching time, the pulses need not be 
accurately defined. This is advantageous in, for example, 
industrial control equipment where the pulses for the ' Hold' 
windings could be produced by transducers a considerable 
distance from the laddic. The only requirements for the pulses 
are that the amplitude is sufficient to switch the core, and the 
pulse duration is greater than 214. There is no lower pulse 
repetition limit and the present upper limit of a laddic is 40kc/s. 

FAILURE TO SAFETY 
In many applications, it is necessary for the equipment to fail 
safe, that is, any conceivable fault must lead to the logic circuits 
assuming a particular output condition which is chosen as safe. 
An example of this is in railway signalling where any fault must 
result in the affected signals being set to danger. By choosing 
the no-output state as the safe condition, the laddic can satisfy 
the fail-safe conditions. 

Mullard are introducing an encapsulated general-purpose 
wound laddic. By suitable interconnection of the windings, 
most logic functions can be performed. Laddic cores are also 
available for systems engineers to wind to their special require-
ments. 

For further information on laddics, please use the reader reply 
card of this journal (see reference number opposite). 

What's new from Mullard 
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TWO NEW PLANAR TRANSISTORS 
FOR HIGH-SPEED LOGIC CIRCUITS 

Low saturation voltage 
a special feature 

-rwo n-p-n silicon planar epitaxial transistors specially designed 
for high-speed logic circuits are nom available. These tvvo tran-
sistors, types 13S). 38 and IIS1.39, have a maximum desaturation 
time constant of 1 6ns, a maximum saturation voltage of 0.25V 
at a collector current of 10mA, 
and a collector-to-emitter rating 
of 15V. 
The BSY38 and BSY39 are 

introduced to fulfil economically 
the requirements of logic circuits 
with propagation delay times of 
10 to 25ns. In these circuits, the 

TUNABLE 1 BAND 

MAGNETRON WITH 

225kW PULSE OUTPUT 

An X-band packaged magnetron 
designed for use as a pulsed 
oscillator in ground-based and 
airborne radar equipment is now 
available from Mullard. This 
magnetron, the YJ1010, is servo-
tunable over the frequency range 
8.5 to 9.6Gc/s, and is the electrical 
equivalent and near mechanical 
equivalent of the 4J50. 

With an anode pulse current of 
27.5A the peak output power is 
225kW for a pulse duration of 
I.01.s and a duty cycle of 0.001. 
The average output power under 
these conditions is 225W. Natural 
cooling can be used unless other 
items of equipment impede the 
air flow round the magnetron. In 
these cases, low-velocity forced-
air cooling is necessary. 

voltage swing of the signal must 
be kept as low as possible con-
sistent with maintaining an ade-
quate margin between the voltage 
levels used to represent '0' and ' 1'. 
and providing an adequate margin 
against induced noise pulses. The 
transistors used should therefore 
have a low saturation voltage, a 
small desaturation time, a high 
cut-off frequency at low voltage, 
and a small depletion capacitance. 
In addition, the spreads on current 
gain and input voltage should be 
narrow. The abridged data shown 
below shows how the BSY38 and 
BSY39 meet these requirements. 

ABRIDGED DATA FOR 
BSY38 AND BSY39 

%Is (max) (IE=OmA) 
VcE (max) (cut off) 

'CM(max) 
Ptot(max) (Tamb25°C) 
hFE (Ic= 10mA) 

BSY38: 30 to 60 
BSY39 : 40 to 120 

f-r (Vcr = 2V. lc ----- 10 mA) 
> 200Mc/s 

+20 V 
+15 V 

200 mA 
300 mW 

Large-capacitance 
electrolytics 
for computers 

A range of large-capacitance 
electrolytic capacitors for use in 
computers and other professional 
equipment is now available. The 
range ofcapacitance values is from 
900 to 31500vF with voltage 
ratings from 6.4 to 100V. These 
capacitors, the C432FR series, are 
intended for use in power supply 
units in professional equipment 
where a long service life and high 
reliability are required. 
The operating temperature 

range of these capacitors is from 
— 40 to 70°C. In practice, the lower 
temperature limit depends on 
the increase in losses and decrease 
in capacitance value that can 
be tolerated, and will therefore 
vary with the application. The 
maximum value of impedance, 
measured at 100kc/s and 20C, is 
010 for all capacitors in this 
range. The tolerance on the capaci-
tance value is — 10 to + 50. 

COMPACT 
COOLING 
WITH 

PELTIER 
e.) BATTERIES 

New pot-core 
material extends 
frequency range 
up to 15Mcls 

A new ferrite material has been 
introduced which will enable 
Vinkor pot-core assemblies to be 
used at frequencies up to 15 Mc/s, 
the previous frequency limit being 
2Mc/s. The new material will be 
of particular interest to designers 
of h.f. communicationsequipment, 
enabling them to incorporate the 
benefits of Vinkors into their 
equipment. 

Pot- cores using the new 
material, which has the desig-
nation B10, are available in the 
10, 12, 14, 16, and 18mm sizes and 
all the accessories for these sizes 
of Vinkor can be used with the 
new material. By careful winding 
of the coils, Q-factors of 300 to 
400 can be obtained. 
The new range of Vinkors is 

colour coded blue and joins the 
three existing ranges—red, yellow, 
and violet—to provide a complete 
range of adjustable inductors 
covering frequencies from 400c/s 
to 15Mc/s. Inductors incorpora-
ting these Vinkors are highly 
stable, and high Q-factors can be 
obtained. Both standard housings 
and clip-mounting versions are 
available. 

COLOURED 
CONTROL KNOBS 

Complementary 
range to Fill series 

A range of coloured control knobs 
for use with professional equip-
ment has recently been introduced. 
These knobs are available in four 
styles and in three colours with a 
range of interchangeable coloured 
centre caps to facilitate easy 
identification. Spindle sizes of 
and j in, and 4 and 6mm can be 
accommodated. 
At present, the knobs are avail-

able in three colours—black, grey, 
and white. The centre caps are 
available in black, grey, white, and 
red. 

Three Peltier batteries are now 
available for a wide range of 
cooling applications where a com-
pact 'cold source' is required. In 
applications where space is strictly 
limited, the Peltier battery offers 
considerable advantages over 
refrigerators requiring compressors 
or heating units. Typical examples 
of the use of Peltier batteries 
include heat sinks for transistorised 
equipment, medical and biological 
research applications, and small-
scale refrigeration. 
The batteries, which use bismuth 

telluride as the thermoelectric 
element, operate on the Peltier 
principle in that when a direct 
current is passed through a junc-
tion of dissimilar metals or semi-
conductor materials, a temperature 
gradient is established across that 
junction. 

Peltier battery PT11/20 is de-
signed for an orerating current of 
18 to 22A at 1.0 to I.2V, and has 
a maximum cooling capacity of 
16W. Battery PT20/20 has an 
operating current of 20A at 2V 
and has a cooling caracity of 23W, 
while battery PT47/5 operates at 
5 to 6A and 5-0 to 5-4V with a 
cooling capacity of I6W. Batteries 
PTI 1/20 and PT47/5 can be 
supplied with either a flat copper 
plate for use with solid surfaces or 
with fins for the cooling of gases or 
liquids. The battery, PT20/20, 
is supplied complete with flat 
copper plates, and all types are 
ready for immediate use. 

Reader Enquiry Service 

Further details of the Mullard 

products described in this ad-
vertisement can be obtained 
through the Reader Enquiry 
Service of Irclustrial Electronics. 
using the appropriate code 

number shown below. 

Laddic 206 
Planar transistors 
BSY 38 and BSY 39 207 
Peltier Batteries 208 
Capacitors for 
computors 209 
Magnetron 
YJ1010 210 
Pot-core material I l 
Control knobs ' 1 2 

Mullard Limited, Mullard House, Torrington Place, London, W.C.1. Telephone: LANgham 6633 
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-AMAZING! 
Searchers for particular rectifiers 
should call on IR. IR have been 
making so many kinds of silicon 
rectifier for so long that they're sure 
to have the one you're looking for. 

And a few you weren't, but can use. 

Call on us, and be sure of a 
pleasant surprise. 

INTERNATIONAL RECTIFIER 
uii details of any type of rectifier, or advice on any particular application will be provided on request 

INTERNATIONAL RECTIFIER COMPANY (GREAT BRITAIN) LIMITED, HURST GREEN, OXTED, SURREY. OXTED 3215 

Immediate off- the-shelf delivery from I.R. distributors throughout the U.K. I  rz _4= 
l 1 "f u 

Assoc ate Company of International Rectifier Corporation U.S.A. and the Metal Industries Grou p, Great Britain 

6 Industrial Electronics December 1963 
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Fundamental Research. 

Virtually all Electronic Measurement 

and Test Instrumentation for 

ANY INDUSTRY. 

RF/UHF Transmission and 

Reception. 

Electronic and Photographic 
Recording. 

Educational aids. 

Our application engineers 

are competent to advise on any 

electronic measuring problems 

which you may have, and will 

suggest the correct instruments 

for the project in mind. 

After sales service is ensured 

by a well-equipped Technical 

Services Department, repairing 

and re-conditioning equipment 

and producing special 

modifications and accessories 

as required. 

e Electric 
Distributors in United Kingdom for: 

ROHDE & SCHWARZ 

DUMONT 

NARDA 

BRUSH For 
s TODDAR T 

AWL INSTRUMENTATION 

for Every 
Electronic 
Need 

The 765 " PORTASCOPE— 

A high sensitivity lightvieight 'scope weighing 27 lbs. only. 
Designed to accept a constantly expanding range of -plug 
ins- it has a versatility hitherto unobtainable. 766 Bench & 
767 Rack mounting s ersions are also as 

Ring the changes with the 
latest range of " plug ins—. 

Limited 
SOUTH OCKENDON ESSEX 

Telephone. SOUTH OCKENDON 3444 

Telex: 24120 AVEL OCKENDON 

Further Information Write or Phone 
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OSCILLOSCOPEïnlis  

TYPE CD 122C ' (/7J//o¡ivy 

OSCILLOSCOPE CD 1220 

Delayed and mixed sweeps! Large 
6cm x 10cm display! Plug-in Y units! 
Tunnel diodes for high performance 
trigger and sync!— Four features from 
the comprehensive specification which 
gives the CD 1220 precedence for use 
on all projects! 
Its wide, basic sweep range, second 
time- base generator and ability to 
record fast, single shot transients, 
contribute toward making theCD 1220 
a high quality, general purpose instru-
ment suitable for the examination of 
the most complex waveforms. 
Some of the many fields of application 
include communication, telemetry, 
television, automation and power 
engineering. Time-base delay permits 
investigation of pulse trains and allows 
pulse-to- pulse interval,timedifference 
and signal jitter measurements to be 
accurately made. 

Y UNITS 

Two plug-in Y units are currently 
available:- Type CX 1256, a fast rise-
time, wide- band amplifier with fre-
quency compensated input attenuator. 
Type CX 1257, a wide- band amplifier 
with two input channels, either of 
which can be operated separately. 
The two channels can, by electronic 
switching, be either alternately dis-
played or chopped at approximately 
100 kc/s. Both channels can be 
combined at the output, either adding 
or subtracting. Trigger signals can be 
taken from either channel and permit 
accurate phase displacement 
measurement. 

Using the Dual Trace Unit CX 1257 
and Solartron Pulse Generator GO 
1377 gated to produce pulse trains, 
the upper trace in each case is dis-
playing the output from the GO 1377 
and the lower trace the gating pulse. 

1. A and B mixed 

2. B brightened by A 

3. A delayed by B 

MAIN UNIT CD 1220 

X Amplifier 

Bandwidth : DC - 150kc/s (-3dB) 

Sensitivity : 200mV/cm ( maximum) 

TIME-BASE A 
Range : 0.1psec/cm - - 12 sec/cm 

Expansion : x5 ( 20nsec/cm maximum speed) 

Measuring Accuracy : 3% 
Trigger-Sensitivity : < 5mm ( internal) 

250mV pk-pk ( external) 

— Level : Time-base triggered from 

any selected point on 

waveform over 6 cm 

(internal) and 6V ( external) 

—Modes : DC; AC; AC LF Reject; Sync. 

TIME-BASE B 

Range : 2psec/cm — 1 sec/cm 

Expansion : x5 ( maximum speed 0.4psec/cm) 

Measuring Accuracy : 3% 

Length Control : 4-10cm ( approximately) 

Trigger : Facilities as time-base A 

May also be used to delay time-base A by 

2psec to 10 sec. 

SINGLE TRACE UNIT CX 1256 
Bandwidth : DC 40Mc/s (-3dB ± 1dB) 

Sensitivity : 50mV/cm - 50 V/cm 

Measuring Accuracy : 3";, 

DUAL TRACE UNIT CX 1257 
Bandwidth : DC- 24 Mc/s 

(-3dB + ldB) 

Sensitivity : 50mV/cm — 50V/cm 
Measuring Accuracy : 3% 

U.K. LIST PRICE 

Main Unit CD 1220 

Single Trace Unit CX 1256 

Dual Trace Unit CX 1257 

) Each 

Channel 

- £545 

- £50 

- £100 

Please write or telephone requesting further 

particulars or to arrange for a demonstration. 

THE SOLARTRON ELECTRONIC 

GROUP LTD. ( Instrument Division) 
Victcria Road • Farnborough • Hants 

Tel: Farnborough ( Hants) 3000. 

Telex: 8545 Solartron Fnbro 

Cables: Solartron • Farnborough M & P S150 

Indu trial Electronics December 1963 9 
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RECTIFIER EQUIPMENT FOR 

INDUSTRIAL ELECTRONICS 

TELECOMMUNICATIONS 

DATA PROCESSING 

RADAR 
INSTRUMENTATION AND CONTROL 

lo 

COMPONENTS GROUP 
RECTIFIER DIVISION 

Standard Telephoner, and Cables Limited 
•%íïL., FOOTSCRAY SIDCUP KENT 

Telephone FOOtscray 3333 Telex 21836 

63/9 MF 
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MUREX MAGNETS 
to small accurate sizes for 

INTERNAL MAGNET 
SYSTEMS 

Murex offer to Instrument Manufacturers the new 
internal magnets manufactured by the `SINCOMAX' 
technique. This provides a magnetic system in 
which the symmetrical iron shoes and magnet are 
made as a single unit, thus avoiding gaps of high 
reluctance between magnet and pole pieces. 

MUREX LIMITED (Powder Metallurgy Division) 
RAINHAM • ESSEX • Telephone: Rainham, Essex 3322 

Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex. 

London Sales Office: Central House, Upper Woburn Place, W.C.I 

Industrial Electronics December 1963 II 
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HERE ARE SOME FURTHER ADVANTAGES OF AMPILLUME LIGHTS: 

SOUTH •MItICA DISTRIBUTOR: E. S. MIDWAY & SONS .PTYI STD. SI -E7 MILKS STAEST, •.0. 1110X 437 °URI.. MAYA/ 

• NEED AN 

\ 

AMPILLUME neon pilot 

lights are a new and 

complete answer to the 

problem of providing 

illuminated indicators 

which are low in cost, 

easy to install, efficient 

and really safe. 

Integral lens Forms part of the moulded nylon housing. Shock resistant; 
cannot crack, break or come apart after installation. Resists detergents, 
fats, etc. 
Tamper-proof Wires, bulb and resistor pre-assembled in the moulding. 
Rapid installation Snaps into position in mounting hole, where it locks into 
position. No mounting accessories. Will not pop-out from front of mounting 
hole. 
Simple connection Faston Receptacles push onto integral tabs. 
High light emission Uni form, non-directional illumination. 
Choice of colours Natural, red, orange, amber or yellow, with or without 
stainless steel bezel. 
May we send you full particulars? 

AMPILLUME NEON PILOT INDICATORS 

AIRCRAFT- MARINE PRODUCTS (GT. BRITAIN) LTD 
H EAD OFFICE, AMPLO HOUSE, 87!89 SAFFRON HILL, LONDON, EC1 a 

Tel: CHA ncery 2902 (7 lines). Telex: 23513. Cables. A MPLC LONDON 7 ELEX 

•ssOCI ATED COMPANIES H USA.. •USTIIMIA CANADA. HOLLAND. FRANC.. GERMANY. ITALY. JAPAN ANO MEXICO 

1P.2.11 
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PARAMETRIC AMPLIFIERS 

FREQUENCY MULTIPLIERS 

3,000 Mc, s. Broadband Ampliller 
Bandwidth 140 Mc/s. 

Noise Factor 3 db. 
Gain 15 db. 

IFIERS 

FERRANTI 
First into the Future 

• • •• -• ••-•— 

TYPE 

- - -- — 

FREQUENCY GAIN db I 
NOISE 

FACTOR db 
BANDWIDTH 

Mc/s 
PUMP 

FREQUENCY 
SPECIAL FEATURES 

VCA/L10 408 20 1 5 X-BAND COAXIAL Very low noise factor 

RE UENCY RANGE 1500-3000 Mc/s — WIDEBAND TYPES 

VCA/S30 1700 18 <3 28 X-BAND COAXIAL Insensaiye to changes in 

VCA/S30 
VCA/S40 

2300 
3000 

15 
15 

<3 
3.0 

50 
140 

X-BAND 
X-BAND 

COAXIAL 
COAXIAL 

pump frequency because 
of wide bandwidth idler 

FREQUENCY RANGE 1500-5000 Mc 's -- NARROW BAND TYPES 

VCA/S10 
VCA/S20 
VCA/C10 

2300 20 2.7 15 X-BAND COAXIAL 
3000 20 3.0 25 X-BAND COAXIAL 
4600 20 3.5 25-30 X-BAND WAVEGUIDE 

Wide tuning range 

WE ARE ALSO PREPARED TO SUBMIT SPECIFICATIONS AND QUOTATIONS FOR PARAMETRIC AM°LIFIERS 
AT FREQUENCIES OTHER THAN THOSE GIVEN ABOVE. 

SERIES 
INPUT 

FREQUENCIES 
OUTPUT 

FREQUENC:ES 
BAND 
WIDTH 

OUTPUT 
POWER 

CONVERSION 
EFFICIENCY 

TERMINATION DIMENSIONS SOCKETS 

VC2/S/— 200-500 Mc/s 400-1000 Mc/s ±5"0 3 WATTS 60% 50 ohms 
6" x 5,, x i. N-Type 

connector≤ 

FERRANTI LTD • GEM MILL CHADDERTON • OLDHAM • LANCS • Tel: MAIn 6661 

Londoi Office: Telephone: TEMple Bar 6666 

I 3 

1 

Fr 247/2 
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DEPENDABLE Delaneo 
COPPER CLAD LAMINATES 

, 

14 

the # material 

for 

For applications where ministry speci-
fications and others demand a material 
with characteristics far above the 
commercial range of copper clad lami-
nates for printed circuitry, Delanco 
epoxy-glass base, and Teflon base, the 
materials with the "Plus" character-
istics will fill the need. Demand for 

The material with the plus characteristics 

Reproduced by kind 
permission of Ferranti Ltd. 

Circuitry by Tectonic 
Industrial Printers Ltd. 

this material is growing, but produc-
tion is keeping in step, and most 
requirements can be executed ex stock, 
and price is competitive. It will pay 
you to investigate our claims, so send 
for sample, with grade details and test 
report. Both single and double sided 
are available. In sheet, or cut panels. 

WRITE NOW FOR DELANCO TECHNICAL BULLETIN OF 

Deianeo COPPER CLAD LAMINATES 
ANGLO-AMERICAN VULCANIZED FIBRE CO. LTD • Cayton Works • Bath Street • London • E.C.i 

CLE 8484 • Grams: PROMPSERV CENT, LONDON • Delanco Works • Leonard Street • London • E.C.2 

Industrial Electronics December 1963 
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DIGITRON DISPLAY 
FOR INSTANTANEOUS READOUT 

Digitron type cold cathode readout is now universally accepted as 

the most economical and versatile method of presenting numerical 

and character display. 

Their vivid presentation and wide angle viewing facility enable these 

robust tubes to be viewed quite easily over long distances even in 

areas of high ambient light. A wide variety of well proportioned 

character sizes are available in side viewing and end viewing types 

with wire ended or " pin- base" terminations. 

Methods of initiating the readout can be from virtually any switching 

source ranging from simple mechanical or electro-mechanical 

devices to cold-cathode counting tube or transistor circuits. 

If you are looking for a low-cost, reliable, long life and brilliant 

method of displaying numerical or character information Digitron 

tubes are worthy of your consideration. 

For data and application information about Digitron Display tubes 

please write to the address below. 

TYPE Characters Character Height 
Nominal 

current 
Viewing Base Equivalents 

GR2J • and — 18 mm .709" 1.5 mA SIDE B26A 

GR4J 4 + 4 1 30 mm 1.181 3.5 mA SIDE B26A 

B26A Z522M* GR1OJ 0 — 9 30 mm 1.181 4.5 mA SIDE 

GR1OK 0 — 9 19 mm .748" 2 mA END 

END 

SIDE 

B17A 

0 — 9 15.5 mm .610" 2 mA B13B GRIOM7520M 
65031* 

GR1ON 0 — 9 60 mm 2.362" 10 mA B17A 

GR1OX 0 — 9 15 mm .591" 2 mA SIDE 
FLYING 
LEAD 

ZM1080* 

•Nea Equivalents 

"Digitron is an Ericsson Registered Trade Mark. 

TUBE DIVISION TECHNICAL SERVICE DEPT. 

ERICSSON TELEPHONES LIMITED 

ETELCO LIMITED 

A Principal Operating Company of the Plessey Group 

ERICSSON TELEPHONES LIMITED • TUBE DIVISION BEESTON • NOTTINGHAM TEL 254831 
EFto 
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For further information circle 223 on Service Card 

Potting shed? 

Araldite is a registered trademark CIBA (A.R.L.) LIMITED DUXFORD CAMBRIDGE TELEPHONE: SAWSTON 2121 

Industrial Electronics December 1963 

Araldite epoxy resins are ideal for potting—but this is not 

a potting shed. Here Araldite is being used to seal capa-

citor windings at Telephone Manufacturing Co. Ltd. 

The Araldite filler cures, with negligible shrinkage, to 

form a complete seal. It adheres strongly to metal surfaces 

—provides perfect insulation and resists tracking. It is 

impervious to moisture. Araldite sealing formulations 

pour and cure at room temperature. In many cases curing 

can be speeded up by heating. 

May we send you a copy of our publication ' Araldite 

epoxy resins in the electrical industry'? 

ARALDITE EPDXY RESINS ARE USED: 

• for casting large high-grade electrical insulators and insulation 

around equipment such as transformers, switch gear components 

etc. 

• for impregnating, potting and sealing electrical windings and 

components. 

• for constructing glasscloth laminates in electrical, nuclear, 

mechanical and aircraft engineering. 

.1 for bonding metals, ceramics, glass, rubber, plastics, wood etc. 

• for constructing tools for forming plastics or sheet-metal, patterns 

for moulding foundry sand, jigs and fixtures for checking accuracy 

of assembly etc. 

• for chemical resistant-flooring and floor surfacing. 

• for anti-corrosion protection of wood, concrete, metals etc 

Araldite epoxy resins 

17 
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POST OFFICE 1000 TYPE 

Mechanical Actions: 

LOCK LOCK 

LOCK STOP 

NON-LOCK LOCK 

NON-LOCK STOP 

NON-LOCK NON-LOCK 

T MC 

Designed to replace existing telephone keys, the new miniature lever 

key, now available from TMC, is a compact, space saving switching 
device of smart modern appearance. The functionally shaped 

moulded handle is available in several colours. The mechanical action 

includes a double pivot which ensures positive locking in either the 

normal or operated positions, and virtually eliminates follow-through 

of the handle on double-throw keys. A sliding, comb-shaped plate, 

actuated by the key handle, operates the pre-fabricated spring set. 

Up to twelve contact springs can be operated by each throw of the key 
—a total of four changeover actions in either direction. 

Twin silver contacts are supplied as standard for switching 300 mA 

100 V d.c. non-inductive loads. Several contact arrangements, in 

all switching actions, are available on excellent delivery. 

T MC 
TELEPHONE MANUFACTURING COMPANY LIMITED 
Dept. 0 • Telephone Equipment Division • Componeits Unit 
Martell Road • West Dulwich • London S.E.21 • England Telephone: GIPsy Hill 2211 Telex: 28115 
A MEMBER OF THE  GROUP OF COMPANIES 

I 8 

-.330 T.C. 
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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. 

: 

: 

: 

DECEMBER 1963 — For further information circle appropriate number (IF) 

Editorial rode number— 1 2 3 4 5 6 7 8 9 10 II 12 13 14 15 
16 I 7 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 
34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 5 I 
52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 
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232 233 234 235 236 237 238 239 240 241 242 243 244 245 246 247 248 249 
250 251 252 253 254 255 256 257 258 259 260 26 I 262 263 264 265 266 267 
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I would also like details of 

Your Name  Position held   

Name of Firm   

Address 

Nature of Business   

PLEASE USE BLOCK CAPITALS 

t. 
/" ,i`",,,"st• °\ •• ,•••\/"\.," 

Postage will 

be paid by 

Associated 
Iliffe Press 

BUSINESS REPLY CARD 
Licence No. SE 591 

No Postage 
Stamp 

necessary if 

posted in 
Great Britain 

or Northern 

Ireland 

"INDUSTRIAL ELECTRONICS", 

DORSET HOUSE, 
STAMFORD STREET, 

LONDON, S.E.1 

••• •••\./. • •••\..W. •..\/..\7 •••S7'..ç 

INDUSTRIAL 
ELECTRONICS 

Subscription Rates 

Home £3 Os. Od. 

Overseas £3. 10s. Od. 

USA and Canada $ 10 

NAME   

ADDRESS 

DECEMBER 1963 

SUBSCRIBER'S ORDER FORM 

Please supply 

INDUSTRIAL ELECTRONICS monthly for 

the next 12 months 

I will remit on receipt of invoice 

MAKE SURE OF YOUR COPIES 

USE THE ORDER CARD NOW 
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STC 
LATEST RANGE OF ZENER 
REFERENCE DIODES 

1.5 WATTS 

Extensions to the STC ranges of Zener Diodes are wire-
ended devices with a maximum rating of 1.5 Watts. 
Designated Z3 Series, they are available in standard 
preferred values from 3.3 Volts to 100 Volts inclusive with 
voltage tolerances of 5",„ ' 10"„ or 20"„. 

Z3 SERIES ZENER DIODE (actual size) 

ABRIDGED DATA 

Nominal voltage range 3.3 100 V 

Maximum power dissipation 1.5 W 

Maximum continuous forward current 1.3 A at 25 C ambient 

Maximum working junction temperature 175 C 

Storage temperature range 55 C to 

Maximum forward volt drop at 1.3 A 1.2 V 

Maximum thermal resistancc (junction to air) 100 C W 

Standard outline VASCA SO-16 JEDEC DO-1 
IEC 1 101 

175 C 

3 

1 6 

1.4 

POWER DERATING CURVE 

I•2-

.2 1.0 
co 
•0. 
(n 

0.8— 
E1 

e 0.6— 

0.2 

20 40 60 80 100 120 140 160 180 

Ambient Temperature ( C) 

Write, 'phone or Telex for Data Sheets to STC Semiconductor 
Division (Rectifiers) Edinburgh Way, Harlow, Essex. Tele-
phone Harlow 26811. Telex 81146. 
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DECEMBER,1 

NEW COLD CATHODE 
INDICATOR TUBES 
for Displaying Numerals 

These new cold cathode indicator tubes have been intro-
duced by STC Valve Division. The GN-4 and GN-5 types, 

designed for end viewing, are improved quality versions of 
the earlier types GN-3 and GN-2 respectively. The GN-6 is 
intended for side viewing. The tube bulbs are coated with 
an orange filter to enhance the display but if GN-4 or 

GN-5 type tubes are required for use with an external filter, 
clear bulb versions can be supplied under codes GN-4A 

and GN-5A. 

ABRIDGED DATA 

Nominal 
Character 

Numera, Height 
Type Display (mm) Base 

Minimum Nominal 
Supply Cathode 
Voltage Current 
(V) (mA) 

GN-4 0 - 9 15,5 B1313 170 2.0 

GN-5 0 - 9 24,4 B12A 200 2.5 

GN-6 0 - 9 14,0 Flying Leads 200 2.5 

The intended method of operation of these tubes is by 
selector switches, transistors or other electronic switching 

devices. An important feature is that the non-conducting 

cathodes should either be left open-circuited or held at a 

bias potential of approximately 100 volts (not less than 

75 volts or more than 110 volts). Data regarding Transistor 

switching can be provided, on request, by STC, Semi-
conductor Div.sion (Transistors) at the address overleaf. 

Write, 'phone or Telex for Data Sheets to STV Valve Division, 
Brixham Road, Paignton, Devon. Telephone Paignton 53685. 
Telex 4230 or London Sales Office, Footscray, Kent. Telephone 
FOOtscray 3333. Telex 21836. 

Industrial Electronics December 1963 D 
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STC 

For further information circle 228 on Service («ard 

components review 

THERMISTORS 
IN ELECTRONICS 

SENSITIVE I SMALL / ROBUST / RELIABLE 

The use of thermistors in electronic circuits is now well 

established, especially for the control of output power and 

the measurement of the power in complex waveforms. 

STC offer a very wide range of thermistors designed 

specifically for these and many allied applications. For 

example, the type R thermistor was designed for circuits 

operating at very low power levels. A power input of 

only 3 mW will reduce the resistance of this device to 

less than 1 23 of its value when cold. 

TYPE A 

tel 

TYPE E 

ç-x) 

Ji 
TYPE G 

TYPE R 

Write, 'phone or Telex for leaflet MK'140 to STC Semi-
conductor Division ( Transistors), Footscray, Sidcup, Kent. 
Telephone FOOtscray 3333. Telex 21836. 

( 0  __--i COMPONENTS GROUP - FOOTSCRAY - SIDCUP • KENT 

miniature 
SELENIUM RECTIFIERS 
for low-cost reliability 

STC miniature selenium rectifiers are designed for use in 
electronic circuits calling for a diode of good reverse 
forward resistance ratio and closely controlled character-

istics. When used in place of thermionic valves, these 

rectifiers virtually eliminate problems of heat dissipation 

and a.c. hum, and save the cost of provision of heater power, 
valve bases and associated wiring. Of small size, they are 

easily accommodated in circuits and are suitable for most 
applications including modulators and demodulators, dis-
criminators, logical circuits, limiting diodes, asymmetrical 
resistors, etc. 

Actual size 

Type Description Remarks 

Single plate in aluminium case, 
M available with insulating sleeve 

if required. 

Two aluminium case sizes. One or 
T two plates or from three to five 

plates. 

n Up to five plates in series in moulded 
‘4 nylon case. 

As for (:) but hermetically sealed and 
tropicalized ce-arnic case. 

Half-wave 
devices 
fitted to 
axial lead .1. 

Up to five plates in moulded 
p rectangular plastic case shaped for 

automatic insertion. 

A skeleton form of P for use in 
" restricted space. 

Cylindrical case in two sizes for 
` up to ten or up to twenty plates 

Available in 
half-wave. 
doubler, 
rush pull or 
bddge 
con riguration 
with multiple 
leads. 

The Rectifier plates are of four basic types and their 
characteristics and ratings offer a wide range of voltage 
and current selection. 

Write, 'phone or Telex for Data Sheets and applications booklet 
to: STC Semiconductor Division (Rectifiers) Edinburgh Way, 
Harlow, Essex. Telephone Harlow 26811. Telex 81146. 

Standard Telephones and Cables Limited 
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TosBRIEFLYIsTHER0111 
Can you take a chart from your recorder and put it straight into your report or do you have to re- plot the 

whole trace on a different time scale? Can you compare multiple test runs on the same chart or do you 

have to cut up the roll and start again? You do if you're still using a conventional strip chart or circular 

chart recorder you don't if you use an ADVANCE HOUSTON 11 x 17 in. X-Y Recorder. 

ADVANCE HOUSTON Model HR-97 X-Y Recorder The Model HR-97 X-Y Recorder is a precise, 

rugged instrument designed for recording information from two mutually independent variables or from 

a single variable as a function of time. It features 0.25'„ overall accuracy, 15 in sec pen speed, 600 in sec' 

peak pen acceleration, vacuum paper hold-down, continuously variable precision attenuators, zener 

references, interchangeable plug-in control modules, snap-on cartridge pen assemblies and flat bed 
construction. For further details on the ADVANCE HOUSTON range of precision X-Y Graph Recorders 

and T-Y Chart Recorders, please write to: 

ADVANCE COMPONENTS LIMITED 

ROEBUCK ROAD, HAINAULT, ILFORD, ESSEX TELEPHONE HAINAULT 4444 

AH 2 
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THERE'S 
SCOPE 

FOR 

underwater sound OR ALL SONAR TYPE APPLICATIONS RANGING FROM 
SMALL BOAT ECHO SOUNDERS TO HIGH POWER MULTI-
ELEMENT ARRAYS 

THE MOST EFFICIENT ELEMENT FOR 

CLEANING APPLICATIONS, FLAW DE-

TECTION, DRILLING AND CUTTING AND 
ALL ULTRASONIC TRANSMISSION AND 

RECEPTION REQUIREMENTS. 

FOR HIGHLY SPECIALISED SURGICAL TECHNIQUES. 

THE MOST SENSITIVE MATERIAL FOR PRESSURE GAUGES, 
ACCELEROMETER AND VIBRATION DETECTORS. 

FOR ACCOUSTIC ELEMENTS 
BOTH GRAMOPHONE AND 

MICROPHONE APPLICA-

TIONS, SPECIAL FERRO-

ELECTRIC TECHNIQUES 

AND HIGHLY STABLE 
PIEZOELECTRIC FILTERS. 

* Lead Zirconate Titanate is the most advanced mat-
erial available today for all piezoelectric transducer 

application. Compare these figures for example: 

Barium 

Titanate 
PZT 

Radial Coupling Kp 0.35 0.56 

Piezoelectric Charge Coefficient d33 200 a 10-12 330 x 10' 12 

Max. Operating Temperature .0 85 300 

BRUSH CRYSTAL ARE THE LEADING MANUFACTURERS 
OF PIEZOELECTRIC CERAMIC MATERIALS IN EUROPE 

BRUS 
TELEPHONE: HYT BRUSH CRYSTAL CO. LTD., HYTHE, SOUTHAMPTON 

PIEZO-ELECTRIOd 
CERAMICS 

sad CERAMIC DIVISION , al 

E   

Electronics December 1963 



INDUSTRIAL ELECTRONICS 

Comment 

It is a commonplace to say that research is the basis of technical progress. 
From a practical point of view, however, research is of little use without 
subsequent development. Some people indeed think that development is the 
more important of the two, but this is merely because its results are more 
quickly apparent. On the basis of existing knowledge an industry could go on 
developing new and better products for quite a long time before it eventually 
reached the stagnation which would inevitably occur without continuing 
research. 

Research and development both cost a lot of money, but the results of 
development can be forecast much better than those of research. Com-
mercially speaking research is always something of a gamble. It is an attempt 
to gain new knowledge and until one has gained it one cannot know whether 
it will be of any immediate practical use. It will always be of some use, of 
course, but the real benefits of new knowledge may not be gained for many 
years; they may well depend on the results of further research in other fields. 
The general long-term welfare of an industry depends on its maintaining a 

proper balance between research and development. This is true also for some 
of the larger companies within an industry. Generally, however, the proper 
amount of research and development for a company will vary enormously 
from one to another and it may well be impracticable for small ones to carry 
out research at all. 

In view of the importance of research and development we think it is good 
news that the Department of Scientific and Industrial Research and certain 
representatives of the electronics industry are undertaking an economic and 
technical study of the research and development problems of certain sections of 
the electronics industry. A detailed statement about this appears on p. 796. 
The study is to cover firms producing apparatus for the civil market, but 
excluding consumer products, and it is expected to take less than two years 
to complete. 

Equivalent Circuits 

In September we referred to 
equivalent circuits and pointed out that 
such circuits do not always lead to the 
same results when calculations of 
internal power are made. In particular, 
we referred to a voltage generator 
with series resistance and compared it 
to its 'equivalent' of a current generator 
shunted by a resistance. We pointed 
out that the two gave the same value 
for the power dissipated in the internal 
resistance only when the external 
load resistance equalled the internal 
resistance. 

In this issue a correspondent points 
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out that even in this condition the 
calculated 'internal' power is not 
necessarily the true power of the real 
circuit. We agree. The reason is, of 
course, that neither of the two equiva-
lent circuits may be identical with the 
real circuit. 
The real point is that equivalent 

circuits are equivalent only in their 
effects on external voltages, currents 
and powers. B.S. 204 : 1960 defines an 
equivalent network as 'A network 
which may replace another network 
without altering the performance of 
that portion of the system external to 
the network'. We have no quarrel 
with this, but it is worth while to 
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COMMENT (Continued) point out that if a network and its equiva-
lent are both passive then the total internal 
power dissipations must be the same. If 
they were not the performance of that 
portion of the system external to the network 
would be affected. 
The equivalent circuits which we con-

sidered in September were active ones and 
their non-equivalence as regards internal 
power dissipation arises because of a change 
in the internal source of power. An example 
using Thévenin's theorem makes this clear. 
Suppose we have a 10-V battery with a 5-ka 
series resistance supplying 1 mA at 5 V to 
some circuit. The power dissipated in this 
resistance is 5 mW. 

It is well known that alternatively we can 
use a 100-V battery and feed the circuit with 
mA at 5 V as before by using a potential 

divider across the battery. Its two resistances 
must in parallel be 5 ka and the ratio of 
their values must be such that on open-
circuit there is 10 V across the one from 
which the output is taken. A simple 
calculation gives one resistance as 50 ka and 
the other as 50/9 1(12 and the total power lost 
in the resistances of the potential divider is 
185 mW. 
The high-voltage supply with the potential 

divider is commonly used in practice but in 
circuit analysis and design it is also common 
to imagine it replaced by the low-voltage 
supply with the series resistor. So far as the 
rest of the circuit is concerned nothing at all 
is changed. The two equivalent circuits are 
not identical and their internal power 
losses are quite different. There is nothing 
theoretical or imaginary about the difference. 
In this case both are eminently practical 
circuits and the different power losses as 
calculated are both right for their respec-
tive circuits. 

In practice we usually adopt the potential-
divider circuit in spite of its relatively high 
power loss because it enables us to use a 
single battery for supplying many different 
circuits and so avoids the nuisance of having 
to use a lot of different batteries. 

Valves and Transistors 

We did not ourselves refer in September to 
the equivalent circuits of valves and tran-
sistors, but our correspondent does. We do 
not want to say much about this here but we 
think it worth while to point out that neither 
of these devices really includes a voltage or 
current generator of any kind. At one time 
this was emphasized by calling the generator 
of the equivalent circuit a fictitious one. It is 
perhaps a pity that this custom has fallen 
into disuse. 

Neither valve not transistor have any 
internal source of energy. The currents are 

all driven by external e.m.fs. The devices 
merely use an external voltage or current 
applied between one pair of electrodes to 
control the magnitude of a current flowing 
under the influence of an external e.m.f. 
between another pair of electrodes. That 
being so, it would be closer to reality for an 
equivalent circuit to comprise a resistance 
the value of which is a function of the 
controlling voltage or current. Thus the 
equivalent circuit of a triode valve could be a 
resistance the value of which depends on the 
grid voltage. 

This is not a very useful equivalent circuit, 
however, for the relation between the resis-
tance and the controlling quantity is far from 
a simple one. 

It may be argued that there are some 
internal sources of energy in these devices, 
because some external current flows with no 
externally applied e.m.f. In the case of the 
valve this is due to the energy of electrons 
emitted from the cathode, but in reality this 
energy comes from an external source, the 
cathode-heating supply. In semiconductors 
any such current is again due to external 
sources of energy— the ambient temperature 
and light. 

Lasers 

A good deal is now being heard about 
lasers. Two very different applications have 
recently come to our notice. One is that 
light energy produced by a laser has been 
used to bore holes of under five microns 
diameter in tin wire which is itself only '2 
thou' diameter. This has been done by 
Raytheon and it is said that when boring 
brass molten metal flows back through the 
opening cone and gives the inner surface of 
the hole a high polish. 
The second use of a laser was at the 

Crimean Astrophysical Observatory. In-
stalled at the focal point of a 2.6-metre 
telescope a laser pulse was transmitted to the 
moon and the reflected pulse received back. 
A special receiver was used, but no details of 
this are yet available. The returned light 
pulses are said to have been greatly attenuated. 

Ourselves 

With this issue the first volume of Industrial 
Electronics is completed and we therefore 
include in it an index covering the fifteen 
issues which comprise the volume. Because 
the change from Electronic Technology to 
Industrial Electronics occurred in October 
1962, this first volume comprises the October 
1962 to December 1963 issues inclusive in 
order that subsequent volumes may follow 
the normal practice of running from January 
to December. 
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CONTROL FOR 

In the construction of roads and airfields the ground has to 
be shaped to some prescribed slope. This is done with a 
motor grader. The operation is greatly assisted by automatic 
control of the blade in the grader so that its angle is 
maintained correctly despite the movement of the grader over 
rough ground. 

AUTOMATIC 13LADE ANGLE 

MOTOR GRADERS 

R
OADS and airfields today are constructed for high-
speed, high-performance vehicles and aircraft. As 
such, particularattention must be paid to their cambers, 

gradients, surfaces and foundations. The cost of construction 
work is high; the business is highly competitive. Any 
automation or efficient mechanization which can reduce 
costs is, therefore, welcomed. Use of the Sperry Grade-
master on motor graders (vehicles used in road or airfield 
construction to shape a formation to some prescribed slope' 
results in the achievement of the desired plane with fewer 
passes of the grader and with a consistency of performance 
which is virtually independent of the operator's skill. Time 
and money are therefore saved. 
The grader has a curved-section blade mounted between 

the front and rear wheels and positioned by hydraulic rams 
to give variable depths of cut and slope angles. In con-

Sperry Gyroscope Co. Ltd 

I Pendulum unit 

2 Hydraulic control valve 

3 Control console 

4 Levelling switch 

By A. T. MACDONALD, 
B.Sc., 

‘entional grader operations the operator controls the blade's 
height and slope with two of the blade rams and will, while 
the vehicle is in motion, have continually '.o correct the blade 
slope angle due to the mo‘ement of the road grader over 
uneven ground. The equipment described in this article 
maintains the blade slope argle to a preset value auto-
matically in a range of L 6 from the horizontal to an accuracy 
of 0-1 °. 
The equipment consists of four units: pendulum, hydraulic 

valve, control console and levelling switch which are shown 
in position on a grader in Fig. I. The basic reference is the 
pendulum which is mounted on the frame carrying the blade, 
known as the goose neck, in such a manner that the plane 
of the pendulum remains at right angles to the fore and aft 
axis of the machine. Thus even when the blade is rotated 
at an angle to this axis, the vehicle's accelerations do not 
disturb the pendulum. The pendulum is fitted with a synchro 
resolver for signalling purposes. 

Fig. I. Aveling-Barford motor grader 994 
fitted with Sperry Gradenwster apparatus 
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The slope angle of the blade is controlled from the right-
hand ram by the operation of a specially-designed, high-
speed, two-stage solenoid valve. Two solenoids are fitted, 
the operation of one solenoid raising and of the other lowering 
the blade. 
The control console is mounted in the driver's cab and 

contains the operating controls as well as the system elec-
tronics. When the blade is not at right angles to the fore 
and aft line of the grader and the goose neck is not horizontal 
a compound angle effect is introduced which produces a 
'zero error' between the actual and set blade slopes. A 
control is provided on the console which, in conjunction 
with a mercury level switch directly mounted on the blade, The Sperry Grademaster 

control console 
allows the datum to be reset at the blade operating height; 
.e., the 'zero error' to be eliminated. 

A functional diagram of the electrical system is shown in 
Fig. 2. One winding of the stator of the pendulum resolver 
is fed with a constant-amplitude 1,000-cis voltage. The 
other winding is fed from a potentiometer bridge. By this 
means the voltage on the second winding can be varied both 
in amplitude and phase. One potentiometer of the bridge 
is used to 'set in' the required slope angle, the other is used for 
zero setting. The rotor of the pendulum resolver will have 
zero volts induced in its winding when it is at right angles 
to the field set up by the stator voltages. This will occur 
when the blade is at the required slope angle. The output 
voltage from the synchro rotor will indicate, in amplitude 
and phase, the departure of the blade from the required slope 
angle. The rotor signal is amplified before being applied 
either to the 'up' solenoid or to the 'down' solenoid to bring 
the blade to the correct slope angle. 

Solenoid valves are used, since this allows the normal 
grader hydraulic system to remain unchanged. However. 
for stable operation a dead zone is required which ideaik 
should be no wider than the required accuracy, here H 01 . 
Due to the machine dynamics, instability can occur when 
the dead zone is as small as this. To prevent instability the 
solenoid valves are pulsed as the blade approaches the 
required angle, thereby effectively reducing the approach 
speed so that overshoots are reduced and a stable system 
results. The zone in which the solenoid valves are pulsed 
is approximately :II' about the desired angle and has been 
termed the dynamic zone. 

The amplifier therefore performs a number of functions. 
A block diagram is shown in Fig. 3. The position error 
signal from the pendulum resolver is passed to two separate 
level detectors, LD, and L1202, one for the dead zone and 
one for the dynamic zone. Should the position error signal 
exceed ir.1 then the dynamic zone reference level is exceeded 
and signals will be produced at the output of La,. These 
signals are amplified, full-wave rectified and fed to a pulse 
generator. The pulse generator produces pulses if no signals 
are received from LD2. If, however, the signals have broken 
through LI32, then the pulse generator is inhibited and its 
output stays at a fixed positive voltage. Should the error 
signal be less than 1 no signals are produced from Close-up of ¡he 
LD2. The pulse generator therefore operates to produce control panel 
negative pulses at a frequency of two pulses per second. 
The dead-zone level detector LD, is set at r 01 . An 

output will be obtained from LD, only if the error signal 
is greater than 0.1'. The output of LD, is passed to a gate 
which will conduct, and pass the error signal, when the output 
of the pulse generator is positive. The negative pulses from 
the pulse generator make the gate non-conducting and 
therefore prevent the error signal from passing to the next 
stages for the duration of the pulse. 
Any signals passing the gate go through a limiting stage 

before they are fed to the amplifier and phase-sensitive de-
tector. The phase-sensitive detector is arranged to operate 
the solenoid valves in such a manner that the resultant motion 
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The console with its 
cover remoted showing 
the plug-in printed-
circuit boards 
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A printed-circuit hoard 

of the blade reduces the error signal. The limiter after the 
gate is provided to prevent asymmetrical saturation of the 
output stages when the error signal is large. 
A circuit diagram of the amplifier is shown in Fig. 4. The 

level detector LD 1 is formed by the Zener diodes MR 1 and 
MR,. The transistor VT, acts as the gate. If the base is 
held positive the transistor is cut off and does not effect the 
signal voltage across RI. The pulses from the pulse generator 
apply a negative voltage to the base, the transistor goes 
fully on and shorts out the signal voltage, thus preventing 
it passing on to the succeeding stages. The phase-sensithe 

detector is a peak detector with a quick response. In the 
absence of any error signal a d.c. voltage is developed across 
the resistor chain R2, R3, 121. The mid-point of the chain 
is at approximately earth potential. If a signal is received 
in one phase, both ends of the resistor chain move in a 
positive direction; if a signal is received in the other phase, 
both ends of the chain move in a negative direction. The 
driver stages for the output solenoids are fed from inter-
mediate points on the resistor chain to match the bias 
potentials. Diodes MR„ and MR, decouple the driver stage 
bias potentials from each other. 
The dynamic zone level detector is the Zener diode MR,. 

The pulse generator is a free-running multivibrator which is 
biased off by the full-wave rectified signal voltage. 

Construction of Electronic Unit 

Since the electronic unit is to be mounted on a road 
vehicle, considerable thought was given to making it as 
rugged as possible. The circuits are produced on printed-
circuit plug-in boards. All heavy components have been 
mounted on a slide in a horizontal metal tray, which also 
acts as a heat sink. The boards are kept in position by a 
foam-rubber pad on the back of the front panel. Various 
photographs show the complete unit, the unit with the 
front panel removed to expose the plug-in boards and 
a view of the control panel. All control knobs, lamp covers, 
etc., have sealing gaskets fitted so that the console is splash 
proof. The console is mounted in the grader cab on anti-
vibration mountings. The printed-circuit boards are sprayed 
with Selastic' compound, thus affording an extra measure 
of protection. Prototype units of the system have been 
extensively tested, not only on motor graders, but also on 
vibration tables and under extreme environmental con-
ditions, thus ensuring that mechanical and other deficiencies 
have been discovered at an early stage. 

Spectrometer Increases Foundry Productivity 
As a part of a development programme, Lancefield Foundry 

at Glasgow has installed an automatic X-ray spectrometer for 
the rapid analysis of bronzes and other non-ferrous metals 
before they are poured. 
With this instrument, samples may be taken from the melt 

and within minutes an analysis is available on which correc-
tions can be based or the decision to pour be made. A 
typical check on leaded gunmetal sample for lead, tin, zinc. 
nickel and copper takes 4 minutes. Previously, wet chemical 
methods of analysis took from 4 to 24 hours. 

Metals used by Lancefield include brasses, gunmetals. 
phosphor bronzes, nickel bronzes and aluminium bronze. 
As many as eight furnaces may be operating at once and 
individual samples may have to be checked for up to ten 
elements. This easily handled by the spectrometer which, in 
one cycle, can analyse sequentially four specimens for up 
to 15 elements. Different types of specimen are catered for 
by a small plug-in patch board which can be changed in a 
few seconds. The results of the analysis are printed out 
with an identification number on paper tape. 
For further information circle 41 on Service Card 

Inserting a speritnen in the automatic. X-ray s peen-0171(1er 
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TEST RIGS FOR 
TORQUE CONVERTERS 
The testing of motor-car gearboxes and differentials, as well as other forms of 
torque converter, can be carried out automatically according to a pre-arranged 
programme. This article describes equipment in which electric motors provide 
the drive power and simulate the load. The apparatus can be manually-

controlled for research or automatically for routine testing. 

T
HE term torque converter' used in this context covers 
the conventional and automatic types of gearbox as 
used in the automobile industry today, various types 

of differential units which may or may not incorporate an 
ntegral gearbox with variable ratios, and the hydraulic 
torque converter which provides an infinitely variable ratio 
instead of fixed ratios of torque conversion. 

In this age of speed, MI and other motorways, manu-
facturers of torque converters are becoming increasingly 
conscious of noise and vibration, as are the people who buy 
the vehicles these components are fitted into. The motor-
ways now enable cars to be run at maximum speeds for long 
periods which prior to the advent of the M I were not possible 
for every-day motorists in this country. It is thus natural 

a Lancashire Dynamo Electronic Products Ltd. 

Gearbox test rig for rear engine 
drive vehicle 

By H. J. BUNKER, 
Grad.I.E.E., A.C.T.(13irm.) 

that the companies in the highly-competitive automobile 
industry should be concerned in eliminating as many 
undesirable facets in their products as possible. 
Thus there is a requirement for electronically-controlled 

test rigs incorporating accurate measuring equipment from 
which data may be obtained for development work during 
the prototype stage. Often it is desirable to monitor and 
record speed, torque, efficiency, noise and vibration during 
an endurance test, the recorded data being rationalized after 
the test. 

Obviously it is desirable to test the torque converters after 
unit assembly, but prior to fitting into the vehicle in order 
to avoid the expensive procedure of having to replace faulty 
units once they have been fitted into the vehicle. 
The test rigs are required to provide facilities for testing 

the torque converter from minimum to maximum speed 
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under various load conditions as near to actual road-running 
conditions as possible, together with accurate control of 
speed and loads. At the same time the equipment must 
be simple to operate while the time taken to adjust the 
speed or load from one level to another must be kept to a 
minimum so that the overall test time may be kept as low 
as possible and a high rate of throughput maintained. 

Twin-Arm System 

The equipment for testing gearboxes, automatic gearboxes 
and hydraulic torque converters is the same from the con-
trol point of view and comprises two main sections, the drive 
section and a load section. 

Fig. 1 shows the basic control system which is divided 
into two sections. 

Drive Section 
A foot-mounted variable speed d.c. motor (drive motor 

DM) simulates the car engine and drives the gearbox. In 
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Fig. I. Gearbox test electrical schematic 

LOAD SECTION  
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order that the gearbox may be tested under conditions 
experienced on the road the drive motor is designed to have 
a maximum speed equivalent to the maximum engine speed 
and a minimum speed equivalent to the slow-running speed 
of the engine. Maximum speeds of 6,000 r.p.m. and higher, 
with an infinitely variable speed range of down to 100 r.p.m. 
can be obtained. The drive motor is rated so that it is 
capable of delivering a torque equivalent to the maximum 
torque developed by the car engine, which is usually developed 
at about 60% maximum engine speed. In fact, because the 
speed of the d.c. driving motor is controlled by adjusting the 
armature voltage it is capable of delivering the maximum 
engine torque throughout its speed range. This is useful 
because, providing the motor is rated for the maximum 
engine torque condition, it is adequately rated at all speeds 
throughout the speed range. 

Fig. 2(a) shows the typical torque characteristic of an 
internal combustion engine and the constant torque charac-
teristic of the d.c. driving motor, while Fig. 2(b) shows the 
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equivalent horsepower characteristic for the drive motor; 
i.e., horsepower proportional to speed. 
The armature of the drive motor is supplied from a 

common generator G, Fig. 1, forming part of a 3-machine 
Ward-Leonard M.G. set. By exciting the field of the 
generator from thyratrons or silicon controlled rectifiers the 
excitation of the generator, and hence its output, is controlled. 
A tachometer generator TG, mounted on the non-drive 

end of the driving motor, provides an electrical signal 
proportional to the speed of the motor. This signal is 
compared with that obtained from a speed-setting potentio-
meter SS fed from a stable reference voltage, and the 
difference or error signal is used to adjust the field excitation 
F of the common generator and hence the armature supply 
to the driving motor so that the speed of the driving motor 
is restored to the level set by the speed-setting potentiometer. 
Thus by this closed-loop system the speed of the driving 
motor is accurately controlled to maintain the level set by 
the speed-setting potentiometer to within close limits 
irrespective of the load on the motor and gearbox. 
Under steady-state conditions for loads ranging from 

no-load to full-load a regulation of better than +0.25% of 
maximum speed is obtained. For certain applications 
where the noise or vibration from the gearbox is being 
monitored by a frequency analyser it is desirable that the 
set speed be maintained as accurately as possible. By using 
a very accurate tachometer generator, and a stable reference 
voltage to feed the speed setting potentiometer, a speed 
regulation of better than ± 0-1 % for a driving motor speed 
of 6,000 r.p.m. maximum can be provided. 
The speed of the driving motor is indicated by measuring 

the signal from the tachometer generator with a voltmeter 
calibrated in r.p.m. (SI in Fig. 1). 

In order to change gear during running an electrically-
operated clutch is shown in Fig. I. This could in fact be 
the same type of clutch as used in the vehicle. 

Load Section 

The output shaft of the gearbox is coupled to a foot 
mounted d.c. motor (load motor LM) which simulates the 
load imposed on the gearbox by the road wheels via the 
transmission. 
So that the gearbox may be loaded under conditions 

experienced in practice, the load motor has to be capable of 
operating over a speed range equivalent to that of the drive 
motor together with a further range due to the range of 
gearbox ratios. 

For example, if we have a gearbox whose ratios are 1 : 1, 
2 : 1, and 4 : 1 driven from a motor with a speed range of 
6,000 r.p.m. to 100 r.p.m., when the gearbox is in 1 : 1 the 
speed range of the load motor will be 6,000 r.p.m. to 100 
r.p.m., but when the gearbox is in bottom gear 4: 1 the 
speed range of the load motor will be 1,500 r.p.m. to 25 r.p.m. 
Hence the total speed range of the load motor will be 6,000 
r.p.m. down to 25 r.p.m. 

Furthermore, the rating of the load motor must be such 
that it is capable of loading the gearbox and driving motor 
for all gear ratios. For example if we assume a gearbox 
approaching an efficiency of 100% driven by a driving motor 
capable of developing 60 h.p. at 6,000 r.p.m., when the 
gearbox is in top gear ( 1 : 1) the load motor must absorb 
60 h.p. at 6,000 r.p.m. to load the gearbox and drive motor 
fully. If the gear ratio is then changed to bottom gear (4 : 1) 
the load motor must absorb 60 h.p. at 1,500 r.p.m. to load 
the gearbox and drive motor fully. Hence the load motor 
must be capable of absorbing 60 h.p. over a speed range of 
6,000 r.p.m. down to 1,500 r.p.m. and must have a constant 
horsepower characteristic over this range. See Fig. 2(c). 
Because of this constant-horsepower range the load motor is 
physically larger than the driving motor. 
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In order to control the load motor over a constant horse-
power range the field excitation F of the motor, which is 
supplied from silicon controlled rectifiers, is varied. 
The armature of the load motor is supplied from the 

common generator via a buck/booster generator (B/BG, 
Fig. 1), which forms part of the 3-machine M.G. set. This 
buck/booster generator has two fields (F), the one excited 
in a positive sense and the other in opposition or in a negative 
sense. This enables the buck/booster generator to provide 
an output, the polarity of which may be reversed. The 
polarity of output depends upon which field is the greater 
and the amplitude of output depends upon the difference 
in excitation of the two fields. The excitation of the field of 
the buck/booster generator is supplied from silicon controlled 
rectifiers. 
By controlling the output from the buck/booster generator 

the amount of current flowing through the load motor is 
controlled and hence the torque developed, while by con-
trolling the polarity output from the buck/booster generator 
the direction of current flow through the load motor armature 
is controlled. It is possible therefore to make the load 
motor act as a generator and try to resist the turning of the 
output shaft of the gearbox hence simulating loading under 
normal running conditions or alternatively, by reversing the 
current, the load motor acts as a motor and tries to drive the 
output shaft of the gearbox round, hence simulating loading 
under over-run conditions. 
Upon adjustment of load, the buck/booster generator 

initially controls the current flowing round the loop com-
prising the driving motor, loading motor and a buck/booster 
generator. The field of the loading motor is then controlled 
to reduce the output from the buck/booster generator to a 
level equivalent to the IR drop in the loop while still main-
taining the same amount of armature current flowing in the 
armature circuit. This ensures that the buck/booster 
generator has capacity available for further control and at 
the same time that the load motor field is excited at the 
correct level for the particular gear ratio. 

Drive Load Control 
The control system is arranged so that the load is measured 

in terms of torque developed by the drive motor. A voltage 
obtained from a resistor R in series with the armature of the 
drive motor provides a signal proportional to drive motor 
torque. This signal is compared with a signal obtained from 
a load setting potentiometer (LS, Fig. 1) and any error 
voltage is used to control the excitation of the buck/booster 
generator in such a manner that the load imposed by the load 
motor via the gearbox on the drive motor is maintained at 
the level set by the load-setting potentiometer. 
Hence by this closed-loop load control system the load is 

accurately controlled to maintain the level set by the load 
control potentiometer irrespective of the speed of the drive 
motor. A load regulation of better than ± 1% of maximum 
load can be attained. By measuring the armature current 
and indicating it on a meter, calibrated in terms of torque 
(TI, Fig. 1) drive torque indication is provided. 

In cases where a more accurate means of torque measure-
ment and control are required a torque transducer coupling 
is interposed between gearbox and drive motor. This 
coupling provides an electrical signal proportional to the 
torque exerted which when amplified may be used, instead 
of the signal from the armature circuit of the drive motor, 
for control purposes. A load regulation and torque indica-
tion to within 0.5% of maximum may be obtained by this 
method. 

Overrun Load Control 
By reversing the current flowing in the loop comprising drive 

motor, load motor and buck/booster generator, the load motor 
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tries to drive the output shaft of the gearbox round at a 
torque determined by the amount of current flowing round 
the loop dictated by the setting of the load control ( LS). 
The speed of the gearbox is still, however, determined by 
the driving motor-speed control potentiometer, as the drive 
motor speed is maintained at the set level, irrespective of the 
load motor trying to drive the drive motor, via the gearbox, 
faster. 

This provides facilities to test the gearbox under overrun 
conditions, as experienced when the vehicle is coasting, or 
travelling down hill using the engine as a brake. 
The control system is similar to that for drive load control 

and the same load setting potentiometer is used to adjust 
for drive or overrun conditions. By feeding the potentiometer 
from a centre-tapped reference the polarity of the load-
setting signal is reversed over the second half of its travel, 
this causes the buck-booster generator to reverse in polarity 
and hence the current round the loop. Over the first half 
of its travel the potentiometer adjusts for drive torque 
conditions from maximum down to zero torque, and over 
the second part for overrun torque conditions from zero to 
maximum overrun torque; there is therefore no discontinuity 
in adjustment of torque setting. 

Because the load motor feeds current back to the drive 
motor and helps to provide the power to supply the 
drive motor, the system is a minimum-loss system. The a.c. 
motor (AC) driving the M.G. set (a.c. motor—common 
generator—buck/booster generator) is rated to supply the 
losses in the system, the losses comprise those in the gearbox 
together with the other rotating machines. Normally, the 
a.c. motor will have a rating of the order of 50% of the drive 
motor, this depends to a certain extent upon the minimum 
efficiency of the gearboxes to be tested. 

This minimum-loss system avoids having to dissipate large 
amounts of power in the form of hot air o hot water on the 
load side, which of course saves a considerable amount of 
power over a period of time and keeps running costs to a 
minimum. 
Although a large proportion of the power to supply the 

driving motor is obtained from the load motor, the common 
generator itself is normally rated to supply the drive motor 
in order to provide a fast rate of acceleration and deceleration. 
The buck/booster generator rating is of the order of 20% 
of the rating of the common generator. 

Reverse Gear 

Under conditions where reverse gear on a gearbox is to 
be tested it is important that the armature supply from the 
load motor be reversed. This supply could be switched 
manually by the operator switching the armature contactors 
over. It is, however, preferable that this be done auto-
matically as failure to reverse the armature contactors could 
cause a fault condition to occur which may not be detected 
by the operator. A d.c. tachometer generator, driven by 
the load motor, is fed into a polarity-sensitive relay which 
switches the armature contactor. Under reverse conditions 
the polarity of the output from the tachometer generator 
changes and the relay it feeds operates and switches the 
reverse armature contactor. 

Maximum Speed Limit ( First and Reverse Gears) 

Sometimes there is a requirement for limiting the maximum 
speed of the drive to, say, 3,000 r.p.m. when first or reverse 
gear is selected. This is achieved by taking the outputs 
from the drive-motor and load-motor tachometers and feeding 
them into a circuit which senses the ratio of the two signals. 
If the signals are at a ratio equivalent to first gear or reverse 
gear a clamp is switched on to the drive speed setting reference 
so that it cannot be adjusted by the operator to exceed a 
predetermined maximum speed, in this case 3,000 r.p.m. 
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One of the photographs shows the gearbox test rig used 
by Rootes (Scotland) Ltd. for a rear-engine drive vehicle, 
the Imp. 

Three-Arm System 

The equipment for testing differentials of fixed ratio, as 
in the case of the rear axle, and also differentials with a 
variable gear ratio, as used on some of the smaller cars 
today, comprises three sections. 

Fig. 3 shows the sections which are the drive section, the 
master-load section and the slave-load section. 
The drive motor drives the differential, thus simulating the 

internal combustion engine driving through a gearbox, while 
the load machines simulate the load imposed by the half-
shaft and differential by the road wheels. 

Drive Section 

The control of the driving motor is similar to that already 
described for the gearbox test equipment and provides the 
same facilities in the form of accurate speed control and 
close speed regulation for all load conditions. 

Load Section 

As shown in Fig. 3 the load section of the test equipment 
is divided into two parts, the master section and the slave 
section. 
Each half-shaft is loaded by a load motor (LM) which is 

normally rated to absorb half the power exerted by the 
drive motor. 
The speed range of each load motor is determined by 

three factors: 

(a) The speed range of the drive motor which has to cater 
for maximum engine speeds down to tick-over speeds 
plus a further speed range due to a range of inter-
mediate gearbox ratios, if any. 

(b) The range of differential ratios to be catered for. 
(c) An increase in speed above the nominal maximum 

which would be required if facilities for setting a speed 
differential between load shafts is required. 

The maximum speed of the load motors is usually much 
lower than that of the drive motor because of the step-down 
ratio of the differential itself, while the minimum speed of 
the load motors is usually very low. It is of the order of a 
few r.p.m. only, due to the stepdown ratio of the differential 
together with that of any intermediate variable-ratio gearbox. 
Thus each load motor has to have an extremely wide 

variable-speed range and although each motor only has to 
absorb half the power exerted by the driving motor (because 
the maximum speed of each load motor is much lower than 
that of the drive motor), size for size, the load machines are 
physically larger than the drive machine. 

Furthermore, the load machines have to incorporate a 
constant horsepower characteristic over part of their speed 
range in order to cater for a range of differential ratios 
or provide facilities to set a speed differential between each 
load motor. 
The armatures of both load motors are connected in 

parallel and supplied from the common generator G via a 
buck-booster generator B/BG. The buck/booster generator 
has two fields which may be excited in a similar manner to 
that already described for the gearbox test equipment so 
that the output and polarity from the buck/booster generator 
is controlled. 

Drive Load Control 

The load control system is such that the two d.c. load 
motors are controlled to maintain the load imposed via the 
differential on the driving motor to a level set by the load 
setting potentiometer LS. As in the case of the gearbox 
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test equipment, the load is controlled in terms of torque 
exerted by the drive motor. 
Under load conditions the loading motors regenerate and 

act as generators, thus helping to provide power for the 
driving motor. In this manner minimum power is used from 
the mains supply and the a.c. motor on the M.G. set purely 
serves to make up the losses in the system. 
The control of the drive load is achieved in a similar 

manner to that already described for the gearbox equipment 
by :aking a signal proportional to the armature current of 
the drive motor, and hence drive torque, and comparing it 

SI 
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against a signal obtained from the load setting potentiometer. 
Any difference is used to control the buck/booster generator 
and hence armature current of the load machine. In this 
manner the load imposed by both load machines via the 
differential on the drive motor is controlled and maintained 
at the level set by the load setting potentiometer LS. 
To cater for any range of differential ratio, or ratios of 

gearbox incorporated in the differential, the fields of the 
load machines are also controlled to maintain the output 
from the buck/booster generator equivalent to the IR drop 
in the loop while at the same time maintaining the load 
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imposed on the drive motor. This is achieved in a similar 
manner to that already described for the gearbox test equip-
ment. 

In order to obtain speed matching between the two load 
machines, a signal is obtained from a tachometer generator 
TG, mounted on the non-drive end of the master-load 
machine, and compared with a signal obtained from a 
tachometer generator mounted on the non-drive end of the 
slave-load machine. Any deviation between the two tacho-
meter generator signals is used to adjust the field excitation 
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Combined gearbox and differ-
ential test rig 

of the slave-load machine so that its speed is maintained at 
the same level as that of the master load machine. 

Overrun Load Control 

Overrun load control facilities can also be incorporated, 
the control system being similar to that already described for 
a gearbox test equipment whereby the buck/booster generator 
is controlled to reverse the current flowing round the loop 
so that a reverse torque condition is simulated. 

Programme control desk 
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The maximum amount of overrun torque is not normally 
as high as the maximum amount of drive torque, as under 
overrun conditions the degree of torque is mainly determined 
by the engine friction torque and frictional losses in the 
gearbox and transmission shaft. Normally, the test equip-
ment is rated to provide a maximum amount of overrun 
torque of the order of 25% of the maximum drive torque 
available. 
A single control is used to set either drive load or overrun 

load, the circuit being arranged so that over the first part 
of rotation the control sets drive load, while over the latter 
part of rotation the control sets overrun load, as in the case 
of the gearbox test equipment. 
The torque is indicated on a circular-scale meter TI which 

monitors the armature current of the driving motor and is 
calibrated over the first part of its scale in terms of drive 
torque and over the second part of its scale in overrun torque. 

Differential Speed Setting 
Sometimes it is necessary to test the action of the differ-

ential and simulate the effect of the vehicle turning round a 
corner and this is achieved by controlling the field of the 
load machines so that one machine rotates at a speed faster 
than the nominal speed and the other machine at a speed 
slower than the nominal speed level. 

This is achieved by taking the output voltages from the 
two load-motor tachometer generators and feeding them 
into a differential network which trims each signal. Under 
conditions where the speed of the two load motors is the same, 
and with zero differential setting, the output from the 
differential network is zero. If, however, the differential 
setting is adjusted, the differential network is designed to 
trim the signals controlling the field excitation of each load 
motor so that one load motor speed is increased and the 
other decreased by a percentage determined by the setting 
of the differential speed potentiometer DS. 

Additional Features 
In cases where the equipment is used to test a combined 

gearbox and differential system, as in the case of the gearbox 
test equipment, automatic reversal of armature contactors 
for the two load motors when reverse gear is selected can 
be incorporated, and also facilities to limit the maximum 
speed setting of the drive motor when the gearbox is selected 
to a particular gear such as first, or reverse gear. 
A typical test equipment for a differential incorporating a 

variable-ratio gearbox as well is shown in a photograph. 
Thus the system described above provides accurate drive 

speed control, the speed of the drive being controlled to the 
set level irrespective of the load; accurate control of the 
load on the drive motor and hence load on the component 
being tested, the load being controlled to the set level 
irrespective of the speed; facilities to simulate reverse torque 
conditions; provision for maintaining a set differential 
percentage irrespective of speed and load; and a minimum-
loss system where the maximum amount of power is recircu-
lated and used to contribute to the power required by the 
driving motor. 

Programme Control 

Often, a desirable feature of test rigs testing on production 
is that each gearbox or differential has the same type of test. 

Because speed and load parameters are adjusted by a 
potentiometer it is simple to programme a series of speed and 
torque settings, by using a uniselector. The uniselector is 
driven round from pulses derived from a timer, and at each 
step selects two of a number of preset potentiometers which 
set the desired speed and torque. 
Thus a complete programme of speed and load torque 

may be preset and once initiated the programme controller 

will reproduce the preset test cycle ensuring that each item 
being tested has the same type of test. 
By adjusting the timer setting, the overall cycle time may 

be varied. 
This type of programme controller not only ensures that 

each unit is tested to the same conditions but also dictates 
the test time taken for a particular item. Thus a gearbox or 
differential can be tested to its optimum in the minimum 
amount of time. 

Alternatively, the manual speed and load control potentio-
meters can be adjusted by means of a lever and cam arrange-
ment. The profile of the cam determines the level of speed 
or torque and also the rate at which it is adjusted. Normally, 
the cam itself is driven round by a constant-speed a.c. geared 
motor unit, but by using a small variable-speed d.c. geared 
motor unit the cycle time of cam control can be adjusted 
to suit the particular test requirements. 
An alternative to the operator adjusting the speed-control 

potentiometer manually is the electronic integrator. This 
provides a speed setting reference voltage of increasing 
amplitude; the rate of increase and hence rate of acceleration 
of the drive is determined by the time constant of the inte-
grator, which can be preset. The initial and final amplitudes 
of the integrator signal can also be preset and hence the speed 
at which the drive starts to accelerate and the final speed 
of the drive. By reversing the procedure the integrator can 
also control deceleration as well as acceleration. It is also 
possible to interpose a dwell period, the duration of which is 
controlled by a tinier, so that after an acceleration the drive 
is maintained at the maximum speed for a set period before 
decelerating. 

If the preset potentiometers controlling the characteristics 
of this sequence are selected by means of the uniselector 
system, a number of sequences can be preset and run through 
in succession. Normally, during acceleration and decelera-
tion sequence the load on the gearbox is maintained at a 
preset level during acceleration, with facilities to change the 
load to another preset level during deceleration, so for each 
sequence of acceleration and deceleration two preset load 
settings are available. 
Once the various preset levels have been set up the operator, 

having fitted the gearbox on the test rig, selects a gear and 
presses the programme start push-button. The drive then 
accelerates from the set minimum to maximum speed at a 
rate determined by the acceleration rate control potentio-
meter and upon reaching maximum speed dwells for a period 
of time determined by the dwell timer. On timing out, 
another load setting is selected and the drive decelerates 
from the maximum to the minimum preset speed and dwells 
at the preset minimum speed level. During this dwell time 
the operator selects the next gear and the sequence continues. 
This type of programme control can be adapted to control 
equipment for testing automatic type gearboxes. On all the 
above types of programme control equipment a push-button 
is incorporated to arrest the programme in the event of the 
operator wishing to stop the programme and maintain the 
drive speed and torque at any particular instance. 
The above simple types of programme control are normally 

used for production tests. 
For research and endurance tests more complex types of 

programme control equipment, for use with the previously 
described gearbox and differential test equipment, can be 
incorporated in the form of a punched-tape programme, 
magnetic-tape programme or line-follower programme. 
The punched-tape programme control uses a tape which 

is punched from available data. The tape is fed into a tape 
reader which provides signals to control the speed, load and, 
where applicable, percentage differential in speed of half-
shafts. 

Magnetic-tape programme control may be used to control 
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Load motor with tonme transducer coupling 

the speed of the test equipment so that it reproduces an 
actual road test run. This is achieved by recording the 
contact breaker pulses during the road test run, the frequency 
of the pulses being proportional to engine speed, and then 
playing back the recording on a tape recorder on the tes: 
equipment. The tape recorder provides a pulse output 
proportional to the required drive speed; the digital train of 
pulses is then converted to an analogue signal which is used 
to control the speed of the drke. 
A more sophisticated type of programme control is the 

line-follower programme controller. Each programme is 
drawn as a curve on a roll of paper strip 6 in. wide. The 
paper is passed across the face of a cathode-ray tube the 
other side of the paper being viewed by a photo-electric 

Control desk incorporating efficiency computer 
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multiplier which senses the position of the ink line on the 
paper. This is achieved by monitoring the position of the 
spot on the c.r.t. at the instant when the photo-multiplier 
detects absence of light due to the line on the curve obscuring 
the spot. An output proportional to the position of the 
curve at any instance is obtained and used to control speed, 
load, or differential. 
A small variable-speed d.c. drive is used to move the paper 

strip across the face of the c.r.t. Hence, by varying the speed 
of the strip, the programme time can be varied. 

Instrumentation 

Apart from the instrumentation already mentioned in the 
form of speed indicators and load indicators, the equipment 
lends itself to incorporating strip-chart or disc-chart type 
recorders. These instruments can be used to produce a 
permanent record of the control parameters during a test so 
that an assessment may be made on a quantitative basis during 
the research and design stage of a component. 
Equipment is available to monitor and record the noises 

and vibration from a gearbox or rear axle. The information 
obtained when used in conjunction with a recording of load 
and speed conditions can be used to an advantage when 
considering modification of geared teeth in order to produce 
a quieter unit. 
On the differential type of test equipment, for design or 

research purposes, it is often desirable to monitor individually 
the torque on each half shaft. This is possible by using the 
torque transducer type of coupling, which provides an output 
signal proportional to the torque on a particular shaft. The 
signal is fed into a servo-rebalance type of instrument which 
indicates the torque on a large circular scale. With very 
little additional equipment a permanent recording of torque 
can be provided on a disc chart. 

By using the torque indicator also to drive a potentiometer, 
a system to compute continuously the efficiency of a gearbox 
being tested can be incorporated. 

Fig. 4 shows the electrical schematic arrangement for an 
efficiency computer. A drive motor DM drives via a drive 
torque coupling DT the gearbox which is loaded by the load 
machine LM coupled to the gearbox via a load transducer 
LT. Each transducer feeds a torque indicator and each 
torque indicator drives a potentiometer, so that the angular 
position of the potentiometer bears a direct relationship to 
the torque transmitted through the torque coupling. By 
feeding a signal from a tachometer generator TG on the 
drive side, across the potentiometer, and taking the output 
from one side of the potentiometer and the slider a signal is 
obtained proportional to the product of drive speed and 
torque and, hence, proportional to the drive horsepower. A 
similar signal is obtained proportional to the load horse-
power. 
These two signals are fed into a circular-scale indicator 

which produces an indication proportional to the ratio of 
the two signals, the indicator being calibrated directly in 
percentage efficiency. The torque indicators and efficiency 
indicator are driven by servo mechanisms operating on the 
rebalance principle and provide a highly accurate means of 
measurement plus adequate force to drive any associated 
potentiometers. Normally, the efficiency indicator also 
incorporates disc-chart recording facilities so that a per-
manent record of the efficiency of the gearbox during the 
test procedure can be obtained. 
A photograph shows a control desk which incorporates 

instrumentation for monitoring drive and load speed, drive 
and load torque, together with instrumentation for directly 
computing and recording the efficiency of a torque converter 
during the test procedure. It may be noted that an additional 
indicator and recorder has also been incorporated for moni-
toring the oil temperature of the converter during the test. 
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Controls for the television 
system, X-ray source and specimen 
traversing mechanism are all grouped 
so that they can be adjusted while 
the operator views the monitor screen 

New X-Ray 
Microscope 

R
AD1OGRAPHIC examination of objects in minute 
detail, from the detection of latent faults in tran-
sistors to the observation of the movements of the 

internal organs of insects, is made possible by the Norelco 
*Searchray:,a new X-ray equipment now available in Britain. 
The equipment utilizes an X-ray sensitive vidicon tele-

vision camera tube working in conjunction with a high-
quality closed-circuit television system. The X-ray image is 
received on the vidicon target and is converted directly into 
a video signal. There is no intermediate conversion of 
the X-ray image into an optical one as is the case with image 
converters and ordinary television camera systems. The 
resolution of the electronically-magnified image on the tele-
vision monitor screen of the equipment is consequently very 
high, and good sensitivity and contrast are obtained. 
The results with both stationary and moving specimens 

are claimed to be equal to or better than those obtained 
with other radiographic techniques, and can be produced 
with materials of different densities such as plastics. 
ceramics, steel, rubber and aluminium. 
The specimen is carried on a tray that can be auto-

matically traversed in both X and Y directions under the 
X-ray tube at speeds from 1 to 12 in./min, At these speeds 
a copper-mesh sample of IOU wires to the inch can be seen 
clearly without blurring. An indication of the resolution 
with a stationary specimen is that a single 0.0005- in. dia-
meter tungsten wire at the vidicon face plate can be detected 
without additional absorbers in the X-ray beam. The 
radiographic sensitivity is 1.4"„ through aluminium or 
*-in. steel. Image magnification with a I7-in, monitor tube 
is 27 times. 

All the controls for the television equipment. traverse 
mechanism and X-ray unit are grouped together so that 
the operator may contro: all parts of the system while view-
ing the display. This arrangement also enables the operator 
to be located remote from the X-ray tube and so simplifies 
radiation screening requirements. 
The equipment is well suited for the inspection of very 

small instrument assemblies and thin welds in space 
vehicles and nuclear plan:. It may also be used for the 
detailed inspection of precision castings of light alloys and 
thin sections of dense materias such as jet engine turbine 

Schematic outline of the Searchray' radiography equipment. In practice the television monitor control is located immediately at 
the side of the X-ray control console, and both may be several yards from the X-ray tube and specimen 

X-RAY 
CONTROL 
CONSOLE 
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blades. In instrument movements, valves and similar 
mechanisms, the spacings between internal parts or their 
motions can be observed and measured to 0.00I - in. 
accuracy. 

In hydraulic and pneumatic systems, internal passages, 
orifices and fluids can be examined for particle contamina-
tion of the order of 10 microns. With dense fluids such 
as mercury, bubbles or voids can be detected through 
metallic walls of thickness. With low density wall 
materials, it is sometimes possible to see motions of water 

or hydrocarbon fluids as well as contaminants of greater 
densities. Extreme examples of applications of the equip-
ment have included the study of the motions of body fluids 
in insects and the birth of larvae from a fly. 
The Norelco Searchray' is manufactured by Philips 

Electronic Instruments, U.S.A., under licence from the 
Research Foundation of Ohio State University. It is 
supplied and serviced in Britain by Research & Control 
Instruments Ltd. 

For further information circle 42 on Service Card 

Eddy-Current Coupling 

As a result of a recent licensing agreement between 
Lancashire Dynamo Electronic Products and Elco S.A. of 
Paris. eddy-current couplings, known as LDEP Elcotron 
units, are available in the U.K. 
This coupling is a variable-torque transmission device 

in which the input torque is equal to that imposed by the 
load on the output shaft. 

It is an air or liquid cooled cylindrical unit comprising 
a stator and two independent concentric rotors separated 
by a small air gap. The inner rotor is driven at a constant 
speed by an external prime mover and the outer rotor is 
connected by a shaft to the load. 
The coupling depends upon electromagnetic induction for 

its mechanical and electrical characteristics. A stator coil 
is wound concentric with the two rotors and, when excited, 
magnetic lines of force emanate from the coil passing 
through the two air gaps into the two rotors and from 
the rotors back to the stator. 
With the stator coil excited by d.c., any relative move-

ment between the two rotors will generate eddy currents 
and a motor torque is produced. The magnitude of the 
torque is related to the difference in speed of the two rotors 
and to the intensity of the stator coil magnetic field. 
This device can therefore be used simply as a torque 

transmission device. Alternatively by varying the energizing 
field current, and therefore the torque-handling capacity, it 
can be used as a step-down speed control. 

Models are available covering a range of 1 to 1.000 h.p. 

For further information circle 43 on Service Card 
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This simplified cross-sectional (Ironing shows the basic components 
of an LDEP Elcotron unit 

Illustrated here is a 200 h.p, liquid cooled coupling being used in a 
strip steel application 



For ftirther information circle 231 on Service Card 

Reliability+ Consistent Quality+ Proved Service 

+Fast Delivery 

Semiconductoritis can be cured... prescribe Hughes ... service and deliveries 

will improve immediately aid Hughes quality control will ensure no unpleasant 

side-effects. Hughes prescribe from a comprehensive list of PNP/NPN 

Silicon planar Transistors, Silicon planar and Germanium computer diodes, 

Silicon power and Zener diodes and voltage variable capacitors—for imme-

diate and regular application. Be sure, too, that Hughes research is constantly 

alert for new strains of semiconductor tis* and will be ready with appropriate 

remedies. 
•Sermconductoritls, productlon hustrdtion ca un th, f.clurn or r on-availability ot sobd-state components. 

Why not phone or write 
now for Technical Data or 
Quotations. Alternatively, 
our Sales Engineers will 
be delighted to call and 
discuss your immediate or 
future needs. 

1 
HUGHES INTERNATIONAL ( U.K.) LTD I 

U.K. SALES: KERSHAW MOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX. TELEPHONE: HOUNSLOW 5222 

OVERSEAS ENQUIRIES: HUSINT S.A., 3 RUE AMI LULLIN, GENEVA 
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WHEN YOU BUY 

TOM 111611 PERIIIMILITY TOROIDAL CORES 
YOU BUY 

THE 110111171 OF FOR III IF 1A1)1111:1( I: 
Telcon Pioneered the Production of 
Strip Wound Cores which are available in 

MUMETAL, SUPERMUMETAL 

RADIOMETAL, SUPER RADIOMETAL 

H.C.R. ALLOY 

PERMENDUR AND SUPERMENDUR 

All these alloys are manufactured EXCLUSIVELY 
by Telcon Metals Limited at Crawley, Sussex, 
where melting, hot and cold rolling, slitting and 
core fabrication are carried out under closetechnical 

Typical Spiral Cores 

FOR SPIRAL 

( iee 

supervision. Inspection starts with the raw materials, 
is maintained throughout the production processes 
and ends with an individual magnetic test on every 
finished core. 

WHEN YOU BUY 
TELCON CORES 

YOU BUY 
RELIABILITY 

Cores are available in a wide variety 
of sizes and strip thicknesses down 
to 0.000125" (3 microns) and full 
technical information will gladly be 
sent on request. Core finishes can be 
made to suit customer requirements 
which include epoxy resin and other 
coatings, metal casings and sealed 
boxes of various plastic combinations. lest Gear tor Cores 

CORES - WHATEVER THE 

BUY TELCO‘ 
APPLICATION 

Telcon Metals Ltd. P.O. Box No. 12. Manor Royal, Crawley, Sussex. Phone: Crawley 28800. Grams: tel con Crawley. Telex 87248 

Member of the BICC Group of Companies 
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Electronics 
In 

Thermal 
Analysis 

The differential scanning calorimeter in operation 

The application of electronics to thermal analysis is well 
illustrated by the Perkin-Elmer DSC-1 'Differential Scan-
ning Calorimeter'. Performance advantages over manual 
calorimetric techniques include higher resolution, higher 
scanning speeds, smaller sample requirements and good 
reproducibility of qualitative and quantitative data. The 
instrument is also noteworthy in that it may include within 
the system a thermal conductivity gas monitoring system 
for analysis of sample decomposition products. 
Conventional thermal analysis subjects equal quantities 

of sample and inert reference material to gradually increas-
ing temperature while measuring the difference in tempera-
ture between them. In the DSC-1. sample and reference 
material are subjected to either an increasing or decreasing 
temperature; a separate control system detects any differ-
ence between sample and reference temperature and 
simultaneously changes the heat applied to either in order 
to maintain them both at the temperature called for by the 
rate of change set into the overall control system. The 
instrument's actual measurement is the difference in elec-
trical power required in maintaining sample and reference 
at the desired temperature. Because this power is directly 
proportional to the quantity of energy involved in any 
change undergone by the sample. it can be directly cor-
related with the physical or chemical mechanism involved 
in the change. 
Thermal lags associated with conventional equipment 

are avoided through the use of very small samples. These 
samples, which are sealed in inert-metal foil packets before 
analysis, can be in either powder, disc or sheet form, and 
as small as 0-1 mg. 
The operating range of the DSC-1 extends from — 100 °C 

to + 500 °C. The instrument, which has a digital tempera-
ture readout facility, will scan temperatures automatically 
at fixed, reproducible rates up to 80° / min. A typical 
analysis can be carried out in 10 min, with the analytical 
output presented on a strip-chart recorder and taking the 
form of peaks superimposed on a reference line. The area 
of peaks corresponds to the quantity of energy absorbed 
or liberated by the sample. Because the rate of tempera-
ture change is linear, the position of the peaks on the 
record indicates the temperature at which the energy 
transition occurs. 

Provision is made for conducting analyses in atmospheres 
on inert gas which may then be sampled by other tech-
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niques, such as gas chromatography, to provide additional 
information on products of sample breakdown or chemical 
change. Differential scanning calorimetry thus has direct 
application to such fields as polymer studies, structural 
analysis of fatty acids in glycerides, investigating the break-
down of lubricants and additives at high temperatures, and 
measuring the melting range, curing rate and crystallinity 
of plastic materials such as polyethylenes. 

For further information circle 44 on Service Card 

NEW V.H.F. AERIAL 
Broadcast v.h.f. receivers usually embody some form of 

folded dipole as an internal aerial or have a telescopic rod. 
Both are apt to be inefficient and the latter is often incon-
venient since it should be more or less horizontal. Such 
aerials are also directional which is again an inconvenience. 
Development is taking place on a ferrite-rod aerial which 

is non-directional and which is small enough to be included 
in even a portable receiver. It depends on the use of a 
grade of Ferroxcube which has low losses and a reasonable 
permeability at 100 Mc/s. The resonator of the aerial 
comprises a copper tube of 2 cm internal diameter and 
14 cm long. The tube is slit longitudinally and six capacitors 
are connected at equally spaced intervals across the slit. The 
resonator is. in effect, a single turn coil with the capacitors 
for tuning. 
Two lengths of ferrite rod of total length 16 cm are 

inserted in the tube with an air-gap at the centre between 
the two. In this air gap there is a single-turn coupling coil 
with its leads brought out through holes in the tube. Tuning 
is carried out by sliding one of the ferrite rods in and out 
of the tube and the rod can be ganged to the main receiver 
tuning control. 
The coupling coil connects to an earthed-base transistor 

amplifier which is, of course, of low input impedance. 
The aerial is mounted vertically for the reception of 

horizontally-polarized waves. It is described in Philips Tech-
nical Review, Vol. 24, No. 10, p. 332, and it is still experi-
mental. The present performance is about 13 dB below that 
of a half-wave dipole of 130 cm total length. 
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1. Paper Tape Reader 
Ohr-Tronics, Inc. has announced a new 
paper tape reader, model 119, which 
reads up to 8-channel paper tape bi-
directionally, at a speed of 30 c/s (tape 
readers for more than 8 channels are 
available on special order). Sensing 
of the holes is accomplished by the use 
of star wheels. When a star wheel 
enters the hole, an arm carrying the 
star wheel closes a switch. Bounce 
time of the sensing switch is well under 
one millisecond. Two electromagnets 
are used for stepping the tape in either 
direction. 

Available voltages are 24,48 and 90 V 
d.c. Coils are conservatively designed 
for continuous duty and are arc-
suppressed with zener diodes. An 
interrupter switch is provided to protect 
the star wheel sensing switches and also 
for self-stepping of the tape. The 
reader is available with extension plates 
for mounting on to a standard 19 in. 
rack. Height of the unit, which is wired 
to a 24-pin connector, is 31- in. A 
mating connector is supplied.—Ohr-
Tronics, Inc., 516 Fifth Avenue, New 
York, N.Y., U.S.A. 
For further information circle I on Service Card 

2. Insulating Laminates 
Three types of electrical insulating 
laminates formed from glass fibre and 
synthetic resins have recently been 
marketed by Attwater & Sons. These 
are (a) glass fibre Bakelaque Phenolic 
Bond which is suitable for operating 
temperatures up to 155 °C; (b) glass 
fibre Bakelaque Melamine Bond for 
operating temperatures up to 240 
and (c) glass fibre Bakelaque Silicone 
Bond for operating temperatures up to 
250 °C. The range thus provides elec-
trical insulating laminates for class B, 
class F, and class 1-1 insulation require-
ments. 
The materials which have good di-

electric and mechanical properties are 
available in sheets 36 by 24, 48 by 24, 
and 36 by 18 in., and from 015 in. 
thick. Where required Attwaters can 
machine, punch, drill and assemble 
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these laminates against any given 
requirements. The melamine and sili-
cone-based laminates are available in 
white, phenolic laminate being available 
in brown and black. 
The photograph shows (above) a 

part for a constant voltage generator in 
glass fibre Bakelaque Silicone Bond, 
and (below) shapes punched from 
Bakelaque Phenolic Bond.—Attwater & 
Sons Ltd., G.P.O. Box 39, Preston, 
Lancs. 
For further information circle 2 on Service Card 

3. Sound Level Indicator 
To meet the rapidly increasing de-
mand for equipment for general noise 
surveys, Dawe Instruments have 
designed the type 1408E sound level 
indicator. This is a fully-transistorized 
pocket-size unit intended for rapid noise 
checks calling for a simple, robust yet 
accurate instrument without the input 

and output facilities provided by a 
sound level meter. 
The instrument comprises a moving-

coil microphone (housed within the 
plastic casing), a high-gain amplifier, 
standard weighting networks, attenua-
tors and an indicating meter. The use 
of end-mounted components in a 
printed circuit results in an extremely 
compact design, the overall dimensions 
being 6 by 3 by 21 in. The weight, 
complete with battery, is 14 oz. 
The attenuator enables sound levels 

from 40 to 120 dB (referred to a standard 
sound pressure level of 0-0002 dyne/ 
cm2) to be measured in six overlapping 
ranges. The amplifier provides a stable 
gain over the temperature range from 
0 to 45 °C and is virtually unaffected by 
variations in transistor parameters and 
supply voltage. Power is provided by 
a single 9-V dry cell, adequate for about 
70 hr operation.—Dawe Instruments 
Ltd., Western Avenue, Acton, London, 
W.3. 
For further information circle 3 on Service Card 

4. Power Triodes 
English Electric Valve Co. are now 
producing two new power triodes, types 
B1152 (illustrated) and B1153, developed 
primarily for use in dielectric and in-
duction radio-frequency heating equip-
ments. They are also suitable for 
application in communications equip-
ments. 
The maximum anode dissipation for 

continuous operation with forced-air 
cooling is 500 W for the B1152 and 800 

1 
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W for the B1153. For certain low duty 
cycle operations the anode dissipations 
may be increased to 1,000 W and 
1,500 W respectively. Both valves can be 
operated to full ratings at frequencies 
up to 50 Mc/s. 

For each type the variation of elec-
trical parameters from valve to valve is 
much less than that previously attain-
able, thus reducing the necessity for 
circuit adjustments when valves are 
changed.—The English Electric Valve 
Co. Ltd., Chelmsford, Essex. 
For further information circle 4 on Service Card 

5. Power Divider for Coaxial Cables 
A power divider for coaxial cables 
available from Cannon Electric is 
designed to provide an equal power 
division through each arm at 240 Mc/s. 
The mating ends are type 'N' female 
and will mate with any type 'N' 50-0 
plug, either brass or aluminium. The 
divider itself is aluminium, finished 
with clear Alodine 1200. 
The v.s.w.r. is less than 1.5 : 1 at 

240 Mc / s and the maximum insertion 
loss is 0.5 dB.—Cannon Electric (G.B.) 
Ltd., 168/172 Old Street, London, 
E.C.1. 
For further information circle 5 on Service Card 

6. Optical Thickness Gauge 
H. Ci. Stevens are marketing the 
Schneider optical thickness gauge which 
will measure the wall thickness of trans-
parent and translucent materials which 
are only accessible from one side. 

Thicknesses from 0.2 to 10 mm can 
be read directly off the scale 
calibrated in steps of 0.1 mm (accuracy: 
L001 mm). A second model is 
available for the range 0.02 to 1.2 mm, 
calibrated in steps of 0.01 mm, with an 
accuracy of _:_ 0.005 mm. 
The gauge can be made to slide over a 

surface, to measure variations in thick-
ness or its distribution. This is im-
portant for check measurements of 
irregularly shaped objects such as light 
bulbs, valves, bottles, jars, etc., and it is 
also of value for measuring the thick-
ness of flat glass. 
The instrument is light, easy to 

handle, and equally suited to individual 
or continuous (batch) measurements. 
It can be supplied with a small carrying 
case which also incorporates a small 
transformer for the low-voltage light 
source.—The H. G. Stevens Co. Ltd., 
16 Coverdale Road, Cricklewood, 
London, N. W.2. 
For further information circle 6:on Service Card 

7. Rear Release Connector 
The latest Cannon plug to incorporate 
the 'Little Caesar' rear release system 
is a subminiature rack/panel con-
nector, called `Royal-D'. The crimp-
type contacts are inserted, released and 
removed from the rear. 
When inserted, the contacts are 

retained by metal clips inside the 
monobloc-type insulator. The con-
tacts are removed with a simple plastic 
tool which is slipped over the wire and 
into the rear of the insulator. The tool 

releases tangs on the clips and enables 
the contact to be withdrawn. 
Other features of the Royal-D 

include simplified contact design ,which 
resists bending and provides strong 
contact stability. Also, the socket 
insulator has a hard dielectric closed-
entry design with lead-in chamfers to 
assure positive pin and socket engage-
ment. The Royal-D is available in 
five 'D' shell sizes with arrangements 
ranging from 9 to 50 contacts.— 
Cannon Electric (G .B.) Ltd., 168/172 
Old Street, London, E.C.2. 
For further information circle 7 on Service Card 

8. Automatic Transistor Curve Tracer 
The Elliott transistor cone tracer will 
generate the data required to display 
the characteristic curves of transistors, 
diodes and tunnel diodes on a general-
purpose oscilloscope. 
The instrument provides information 

in a convenient form for circuit designers 
and for instructional purposes. It is also 
ideal for on-line testing applications in 
the production of semiconductor com-
ponents and in the manufacture of 
equipment incorporating these devices. 
For example, it enables totally un-
skilled operators to select matched pairs 
of components easily and quickly. 

This transistor curve tracer contains 
the necessary supplies and waveform 
generators to apply equal steps of volt-
age or current to the input of the device 
under test and to sweep the selected 
collector voltage on each step of input 
signal. Small and easily portable, it 

6 
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measures 10 by 9 by 7 in. and weighs 
15 lb. The price of the instrument is 
£97 and the size and cost of the display 
required can be chosen to suit the par-
ticular application.—Microware and 
Electronic Instruments Division, Elliott 
Brothers (London) Ltd., Elstree Way, 
Borehamwood, Herts. 
For further information circle 8 on Service Card 

9. Ultra- Violet Flame Detector 
Photronic Controls have introduced a 
flame detector which utilizes a photo-
electric cell with a high response in the 
ultra-violet region of the spectrum 
(1,900 to 2,900 A), radiation found in all 
types of flames including oil, gas, solid 
and pulverized fuel. This flame failure 
control unit is completely insensitive to 
incandescent or fluorescent illumination 
and sunlight. 
When used as a flame-failure detector 

on a boiler the control type UV2 is 
mounted on the front plate so that it can 
view the flame continuously. As long 
as the cell can see the flame the relay 
will be energized providing a supply to 
the oil or gas solenoid valve. Should 
flame failure occur, or should any fault 
develop with the unit or mains supply, 
then the relay will shut off the fuel 
supply. 
The whole unit is contained in a cast 

aluminium housing 6 by 5 by 4 in. and 
is suitable for ambient temperature 
operating conditions from —30 to 

165 °F. The supply voltage is 200/ 
250 V a.c., 50 c/s and relay contact 
capacity is 5 A at 200 V a.c. non-
inductive. The sight tube is fitted with 
a heat resisting filter and is suitable for 
mounting direct on to standard 11 in. 
screwed conduit fitted on the boiler 
front plate. 

This unit can operate in conjunction 
with the Photronic synchronous motor 
sequencing control type OB/UV to 
provide fully automatic control of the 
lighting-up sequence together with flame 
failure safeguard. A further applica-
tion is for visual fire detection in a 
building (type UV4). With a suitable 
optical system the unit has a cone of 
vision of 90 and may be installed in any 
position. It will respond to a petrol 
fire in a 1 sq ft dish at a distance of 
I 5 ft in less than one second.—Photronic 
Controls Ltd., The Lodge, Rondalls Road, 
Leatherhead, Surrey. 
For further information circle 9 on Service Card 

10. Voltmeters 
Ballantine Laboratories have announced 
the model 340 v.h.f. voltmeter designed 
for true r.m.s. measurements with high 
resolution from 300 pV to 3 V over a 
frequency range of 01 Mc/s to 1 Gc/s. 
It has a 5-in, logarithmic voltage scale. 
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Its ability to measure true r.m.s. 
means that it can be calibrated using a 
signal source that may be far from 
sinusoidal. D.C. output is available 
for application to a recorder. 

Also announced by Ballantine is the 
model 311 video voltmeter (illustrated). 
This is a linear scale instrument designed 
for measurements from 100 pV to 
300 V or up to 10 kV with optional 
accessories, over a range of frequencies 
from 10 c/s to 6 Mc/s. Signals as low 
as 30 pV may be measured in the null 
detector mode. 
The indicating meter has two linear 

voltage scales and one decibel scale. 
Signal input may be made to a coaxial 
connector or to binding posts. The 
conservative design results in expected 
life between calibrations in excess of 
3,000 hr.—Livingston Laboratories Ltd., 
31 Camden Road, London, N. W. 1. 
For further information circle 10 on Service Card 

11. Underwater Television Camera 
Nippon Electric Company of Tokyo 
recently announced the development of 
an underwater television camera, type 
NWV-193-16, designed to provide 
greater convenience to frogmen while 
conducting underwater investigation 
and research. It is linked with an 
industrial television receiver on land 
(c.c.t.v.), the cameraman receiving his 
instructions from the surface by tele-
phone. 

Balancing wings are provided to 
eliminate pitching and rolling, and the 
streamlined, compact and lightweight 
design (9-5 kg) affords easy operation 
by minimizing underwater resistance. 
The camera lens is remotely controlled 
for focus and aperture and the picture 
angle is 53-52° for horizontal and 41-43° 
for vertical. 
The NEC underwater television sys-

tem, which operates either on d.c. or 
a.c., is comprised of an underwater 
camera, camera operating handle, power 
supply unit, 8-in, monitor set, and 100m 
of cable.—Nippon Electric Company 
Ltd., Tokyo, Japan. 
For further information circle 11 on Service Card 

12. Edgewise Indicators 
Measuring 1 n truments (Pullin) are 
now in production with a subminiature 
edgewise indication meter, designed to 
meet the demands of the radio and 
electronics industries. Typical applica-
tions will be for tuning centre indica-
tion, tape recorder audio level, battery 
residual capacity for transistor radios. 
and simple position indication. 
The movement for the Series 1 

Edgewise Indicator is moving-coil d.c. 
with an accuracy of + 10% at 20 °C, 
and basic ranges from 50 mA to 1 mA 
£.s.d. The instrument is housed in an 
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all- plastic case, sealed against moisture 
and dust, weighs f oz. and measures 
0-84 in. across by 0-89 in. high, dis-
counting fixing flanges; depth overall 
is under 1 in. 
The pointers, which can be obtained 

in either red or black, are supplied in 
standard zero position, bottom left. 
non-adjustable. Centre zero and right-
hand zero types are available on bulk 
orders if required. The scale plate is 
a nominal 0-5 in., these being pre-
printed dials, though alternative scale 
presentations are available.—Measur-
ing Instruments (Pullin) Ltd.. Electrin 
Works. Winchester Street, Acton. 
London, W.3. 
For further information circle 12 on Service Card 

13. Pencil-Type Galvanometers 
Two pencil-type recording galvano-
meters are now being manufactured by 
S.E. Laboratories. 
Type A.35 (illustrated) is a high-

sensitivity, low-resistance galvanometer 
ideally suited for direct application to 
low signal levels, such as from strain 
gauges, thermocouples, etc. Sensitivity 
is 0-8 pA/cm deflection with a 35-cm 
optical arm. Internal resistance is 
25 n, and a 25041 damping resistor 
gives a flat response within -4 3% up to 
25 c/s. Undamped natural frequency 
is approximately 38 c/s. 
Type C.300 is directly interchangeable 

with the complete range of S.E.L. 
galvanometers, but has been designed 
specifically for the new, low-priced 
galvanometer recorder type S.E. 2005. 
The galvanometer has a trace deflection 
sensitivity of 120 pA/cm. Internal 
resistance is 38 S2 and with a damping 
resistor of 230 ¡I, the unit gives a flat 
frequency response within ± 3% up to 
200 c/s.—S.E. Laboratories (Engineer-
ing) Ltd., North Feltham Trading Estate, 
Feltham, Middlesex. 
For further information circle 13 on Service Card 

14. Counting Ratemeter 
A versatile wide-range counting rate-
meter for use in industrial and nucleonic 
applications is announced by Research 
Electronics. Designated the model 9031, 
the instrument has applications as com-
plementary equipment to scaling units 
where the instantaneous rate of count is 
required to be indicated directly on a 
meter. It is suitable for use with all forms 
of radiation detector including Geiger, 
scintillation and proportional counters, 
as well as electromechanical and photo-
electric transducers and pickups for 
engineering applications such as speed 
of revolution measurement. 
The instrument has nine switched 

ranges (selected by pushbuttons) from 
3 to 30,000 counts per second f.s.d., with 

a correspondingly adequate range of 
integrating time constants from 125 to 
0-2 sec. 
Power supplies for subsidiary units 

and a high-voltage supply for the 
polarization of Geiger tubes and certain 
types of photoelectric cell are incor-
porated. The instrument may thus be 
used as a self-contained nucleonic count-
ing unit and the internal loudspeaker 
makes it suitable for use as a contamina-
tion monitor for continuous audible 
monitoring of laboratory 'background'. 
—Research Electronics Ltd., Bradford 
Road, Cleckheaton, Yorkshire. 
For further information circle 14 on Service Card 

15. Television Tape Recorder 
The Ampex VR-660 'Videotape' 
recorder weighs just under 100 lb and 
is designed for mobile and studio use 
by network, commercial and educa-
tional broadcasters throughout the 
world. Its price is well below that of 
any other television recorder of broad-
cast quality. It is reported to be the 
only recorder of comparable size 
which may be used on the air with 
no additional equipment other than 
that available in most television 
stations. 
The all-transistorized VR-660 has 

the same basic design as the Ampex 
VR-1500 closed-circuit television 
recorder but incorporates electronic 
advances which enable it to produce 
television pictures which meet broad-
cast standards. 
The VR-660 is available in both 

a 60-c/s version for operation in the 
U.S.. Canada and certain other nations 
and a 50-c /s version compatible with 
power standards elsewhere in the 
world. Both offer substantial opera-
ting and maintenance economies. The 
60-c/s version offers the lowest tape 
consumption of any broadcast re-
corder on the market. It operates at 
a tape speed of 3-7 in./sec and can 
record up to five hours of continuous 
programme material on a single 12-1 in. 
reel of standard 2-in, broadcasting 
tape.—Ampex Great Britain Ltd.. 72 
Berkeley Avenue, Reading, Berks. 
For further information circle 15 on Service Card 

16. Printed Circuit Manipulator 
McKettrick-Agnew & Co. have 
recently developed a printed circuit 
manipulator. This unit is designed to 
hold a p.c. board up to a maximum 
size of 10 by 10 in. An adjustable 
friction arrangement allows the board 
to be held in any position and conse-
quently enables components to be 
inserted and soldered with ease. 
One arm is designed with a spring 

arrangement to facilitate loading and 
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unloading. These arms are normally 
provided to accept a board thickness 

-Ar in., but arms can be provided 
to accept alternative sizes. The arms 
are adjustable from a minimum width 
of 1 in. to a maximum of 10 in., but 
in certain circumstances a modification 
can be made to accommodate boards 
of greater width. 

Also provided on the holder is a 
spring clip located in a convenient 
position for attaching a drawing or 
sample printed circuit. The manipu-
lator markets under the name Printed 
Circuit Unit type I and at a price of 
£5 8s. 6d.—McKettrick-Agnew & Co. 
Ltd., Great North Road, Macmerry, 
East Lothian. 
For further Information circle 16 on Service Card 

17. Swiss Synchronous Motor 
The Swiss company of S.A.I.A. have 
now introduced an improved design of 
synchronous motor (known as the S.A. 
type) for applications such as chart 
drives, process timers, integrators, pro-
gramme controllers, etc. 
Compared with the earlier design the 

S.A. type offers twice the torque with 
lower power consumption and therefore 
lower temperature for continuous run-
ning. The many design improvements 
include an encapsulated coil which will 
withstand 8 kV peak potential. The 
bearings are nylon as are some of the 
gears in the reduction box, leading to 
quiet trouble-free running. 
There is a large range of gear boxes 

available with this motor to vary the 
speed between 1 rev per sec to 1 rev in 
48 hr and the gear boxes can be changed 
in the field without jigs or special 
tools.—Ferraris Development and En-
gineering Co. Ltd., 26 Angel Factory' 
Colony, Angel Road, Edmonton, London, 
N.18. 
For further Information circle 17 on Service Card 

18. Time Delay 
A medium-tolerance time delay unit is 
being introduced by M. L. Aviation for 
use over a temperature range of —65 `C 
to + 70 °C. The initial range will cover 
input supplies of 18 to 29 V d.c. with a 
current rating of 3 A. 

17 

19 

The units incorporate a semicon-
ductor circuit which operates an electro-
mechanical switching relay, all housed 
within a hermetically-sealed container. 
Power consumption, with the relay 
energized, is 7 W and the unit auto-
matically re-sets when the supply 
voltage is broken. Maximum pulse 
frequency is dependent on the ambient 
conditions: 1.5 sec 'on' and 10 msec 
'off' at —65 °C and 1•15 sec 'on' and 
10 msec 'off' at + 70 °C, for a 29 V d.c. 
unit. 

Alternative types are also offered 
for a.c. operation up to 50 V r.m.s. and 
delays of up to 10 sec. All delays can 
be supplied fully tested to climatic and 
vibration specifications D.T.D. 1085B 
and Av.P.24 (engine bay) for aircraft 
use.—M. L. Aviation Co. Ltd., White 
Waltham Aerodrome, Maidenhead, 
Berks. 
For further information circle 18 on Service Card 

19. Torque Spanners 
A range of torque spanners suitable 
for BA and unified thread plain nuts 
and special self-locking nuts is being 
offered by Ward, Brooke & Co. The 
BA sockets cover 10 BA to 2 BA and 
the unified 4 UN to 10 UN while 
special 6- and 12-point sockets for 
Kaylock type nuts range from 4 UN 
to 1 UN. Loadings vary from 
31 to 24 lb/in. Each spanner is pre-

set by the manufacturers •to the 
customer loading requirement and 
sealed. 
The standard spanner is 61 in. over-

all in length, but can be reduced to 
41 in. for special applications. It is 
also available with a screwdriver head, 
Philips type head and special heads to 
customer requirement.—Ward Brooke 
& Co. Ltd., Westbourne Street, High 
Wycombe, Bucks. 
For further information circle 19 on Service Card 

20. Point Spark Light Source 
Lunarton Electronics have announced 
a spark light source which incorporates 
an end-fire spark gap embodying a 
constricting insulator to increase the 
brilliance of the discharge. The light 
source is separate from the power 
supply and trigger source, and is suit-
able for optical-bench mounting. The 
source size is approximately 1.5 mm 
and is suitable for operation in shadow 
and Schlieren systems. 
The power supply and trigger unit 

incorporates all the necessary elec-
tronics to operate the spark source. 
The e.h:t. output is variable over a 
range so that expensive mains and 
high-voltage stabilization are not re-
quired. Power input to the spark gap 
is 9 joules. 
The light duration is 1 itsec with a 
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rise time of 0.1 "Àsec. Triggering is by 
pushbutton or remote socket on a posi-
tive pulse of 30 V.—Lunarton Elec-
tronics Ltd., 40-42 Langley Street, 
Luton, Beds. 
For further information circle 20 on Service Card 

21. Transistor Solder Pack 
Adding to their range of pre-packed 
solder lines, Multicore announce the 
introduction of a new transistor solder 
pack which will be known as size 10. 
The size 10 contains 250 ft of 60/40 

alloy 22 gauge Ersin Multicore 5-core 
solder wound on a plastic reusable reel, 
and individually packed. 
The size 10 transistor solder pack 

retails at 15s.—Multicore Solders Ltd., 
May lands Avenue, Hemel Hetnpstead, 
Herts. 
For further information circle 21 on Service Card 

22. True R.M.S. Meters 
A line of precision true r.m.s. current 
and volt meters has been announced by 
the Greibach Instrument Corporation. 
Designed for extremely accurate 
measurements of complex waveforms, 
from d.c. to 500 kc/s, these precision 
meters achieve measurements with an 
accuracy of 0.5% full-scale for square 
waves and irregular waveforms with 
crest factors in excess of 4. 

The voltmeters are available with 
f.s.d. from 30 mV up to 1 kV. These 
multirange instruments can be supplied 
with 100, 500, or 1,000 n/V as required. 
The current meters feature full scale 
ranges from 100M up to 30 A. Higher 
currents are possible with the use of 
auxiliary external elements. 
The Greibach meters incorporate the 

'Transquare' solid-state transducer net-
work to provide true square-law 
response. Unlike thermocouples, trans-
ducers may be interchanged without 
recalibrating the scale.—Greibach In-
struments Corporation, 315 North A venue, 
New Rochelle, N.Y., U.S.A. 
For further information circle 22 on Service Card 

23. Miniature Lever Key 
A miniature lever key (Post Office 1000 
type) is available on short delivery from 
T.M.C. This neat compact component 
is now replacing earlier P.O. lever keys, 
and has already proved its reliability in 
G.P.O. equipment. 
The miniature lever key combines the 

advantages of an extremely positive 
switching action, simplicity of mount-
ing, and attractive appearance. The 
moulded plastic handle is available in six 
colours and the keys are supplied com-
plete ith mounting screws.—Telephone 
Manecturing Co. Ltd., Martell Road, 
West Dulwich, London, S. E.21. 
For further information circle 23 on Service Card 

24. M.F. Transmission Measuring Set 
Marconi Instruments have announced 
the M.F. Transmission Measuring Set. 
Type TF 2333, the latest equipment 
in their modular range. This is a 
triple unit instrument developed 
primarily for test.ng transmission lines 
and multi-channel radio link systems. 
but which is equally suitable for any 
measurements of gain, attenuation or 
frequency response. 
The three units comprising the 

instrument are an oscillator with a 
frequency range of 30 c/s to 560 kc/s 
in five bands, a monitored attenuator 
giving up to 70 dB loss in 1 dB steps 
and a level meter with a measurement 
range of +25 to —70 dBm. The 
combination of oscillator and attenu-
ator constitutes a signal source with 
an output up to +3 dBm which can 
he used with balanced 600- and 150-n 
systems or unbalanced 600- and 75-P, 
systems. 

Monitoring is effected by a meter 
with an 0 dBm centre scale. Additional 
ranges of the meter facilitate a.c. and 
d.c. voltage measurements on the 
equipment under test. Level measure-
ments can be made, over the frequency 
range of the oscillator, with the level 
meter either acting as a matching 
termination or bridging an externally 
terminated circuit. 

Transistors are used throughout and 
the stabilized power supply will accept 
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a wide range of mains inputs; batter-
ies may also be used. A complete 
selection of leads is supplied with the 
instrument, and these stow neatly in a 
special compartment in the lid of the 
ease. The weight of the instrument, 
including leads, is 28 lb. A rack-
mounting version is available. — 
Marconi Instrument lid.. St. Albans, 
Herts. 
For further information circle 24 on Service Card 

25. Electrical Digital Valve 
Lignes Telegraphiques et Telephoniques 
have announced a regulation and con-
trol valve which is entirely electric with 
no rotating parts, such as motors, 
pumps, etc., nor stuffing boxes. It 
can be produced in any of the standard 
valve sizes. 

This valve represents a digital-
analogue converter. The binary digital 
control signal is sent to 7 solenoid coils 
corresponding to 7 individual electro-
magnetic valves. The presence or lack of 
a magnetic field through the cylindrical 
walls of each individual valve deter-
mines the open or closed positions 
which make up the given flow value of 
the valve. The open position of each 
individual valve has a cross-section 
which corresponds to its place in the 

776 

digital control number. The liquids 
being controlled pass through these 
different valves to arrive in parallel at 
the output flange of the digital valve. 
Therefore the sum of the output can 
vary from 0 (valve closed) to 100% 
(valve open). 
The 2-in. version can be used for 

liquids and gases up to a temperature 
of 400 °C and a pressure of 700 p.s.i. 
The flow factor is equal to that of the 
best equivalent pneumatic valves and 
the response time is 0.5 sec.— Lignes 
Telegraphiques et Telephoniques, Boite 
Postale No. 5, Conflans Ste. Honorine 
(Seine-et-Oise), France. 
For further information circle 25 on Service Card 

26. Infra-Red Detector 
Claimed to be the smallest long-
wavelength photo-conductive detector 
available, the QKN1227 has been 
introduced by Raytheon Company. 
Sensitive in the 2 to 15 it region of the 
infra-red spectrum, its time constant of 
less than 1 //sec permits fast scan rates 
and high resolution. 
The modular package has an overall 

diameter of 119 in. and a thickness of 
0.39 in. Its vacuum-sealed and elec-
trically-isolated sensitive element is 
mercury-activated germanium and the 

window is barium fluoride. Average 
detectivity D is 8.0 x 109 (cm c/s)1/2/ 
watt. (D is expressed as the square 
root of the product of the detector area 
and the detector circuitry bandwidth, 
divided by the noise equivalent power.) 

Designed for maintenance-free use in 
currently available, closed-cycle cooling 
systems, this infra-red detector oper-
ates at 35 °K.—Raytheon-Elsi, S.p.A., 
Villagrazia, Palermo, Italy. 
For further information circle 26 on Service Card 

27. Radiography Alarm System 
An alarm system from Research & 
Control Instruments provides industrial 
radiographers with an additional safe-
guard from radiation hazards, par-
ticularly in gamma radiography. 
The system utilizes the customary 

safety interlocks on X-ray generators, 
isotope containers and X-ray room 
doors, but in addition incorporates a 
Philips radiation monitor. This is a 
G.M. count-rate type of instrument 
and when radiation exceeds a pre-set 
level it trips a klaxon alarm which 
sounds for a period of up to five 
seconds. Red warning lights are also 
illuminated and remain lit as long as 
there is any danger. 
The basic system comprises a tran-
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sistorized radiation alarm monitor, a 
relay switch unit, a 12-V battery with 
trickle charger, and a klaxon alarm. 
Operation is from the mains, but any 
mains failure is immediately and con-
tinuously signalled by the klaxon. 
Provision is made for the connection 
of additional warning lights and alarms. 
—Research and Control Instruments 
Ltd., Instrument House, 207 King's 
Cross Road, London, W.C.1. 
For further information circle 27 on Service Card 

28. Re- Usable Test Jack 
A re- usable test jack which enables the 
testing of components without the need 
for soldering and permits repeated use 
of the same printed circuit board, has 
been introduced by A-MP. 

Designed to fit into a hole of 0.089 in. 
diameter, the A-MP test jack consists 
of a drawn brass cup with a built-in 
spring receptacle that will accom-
modate component leads ranging from 
0-018 to 0-040 in. diameter. The com-
ponents can be inserted and removed 
by hand and are held rigidly in place 
during testing, thus ensuring maximum 
performance. 

Because soldering is not required, 
this re-usable jack eliminates damage 
to boards and components.—Aircraft-
Marine Products (Great Britain) Ltd., 
Amplo House, 87-89 Saffron Hill, 
London, E.C.1. 
For further information circle 28 on Service Card 

29. Subminiature Feed-Through 
A subminiature Sealectro 'press-fit' feed-
through designated as FT-SM-900 TUR 
offers an unusual method of making an 
electrical connection. The brass lug 
extends through the minor diameter of 
the Teflon body for the normal soldered 
connection on one end, while at the 
other end, the lug remains inset within 
the body. Electrical contact to this end 
of the terminal is made by a round 
spring riding inside the Teflon body 
and pressing against the brass lug. 
Overall height of the terminal is only 
0-481 in. which makes it ideal for dense 
electronic packages. For installation 
ease, a B-22X insertion tool is available. 
—Sealectro Corporation, Hersham Trad-
ing Estate, Walton-on-Thames, Surrey. 
For further information circle 29 on Service Card 

30. Bulk Tape Eraser 
Amos of Exeter have introduced the 
Weircliffe bulk tape eraser designed for 
professional and semi-professional users 
of magnetic tapes who require a fast and 
foolproof method of erasing all matter 
from complete reels of tape. 
Tapes are cleaned' instantly by 

insertion of the reel or cassette into the 

receiving slot of the eraser. Spring 
loaded guides and a reject mechanism 
enable tapes to be cleaned at the rate of 
10 seconds per tape. A combined 
switch gate ensures that the instrument 
is only operational during the cleaning 
of each tape. 
Two standard models are available, 

model 6 being suitable for reels having 
a diameter of 81, 7, 5¡ and 5 in., while 
model 7 accepts commercial 61 by 8 in. 
continuous tape cassettes. Both models 
are housed in attractive yet rugged 
mahogany cases impregnated with clear 
Melamine to withstand hard wear. 
The dimensions are 11+ by 121 by 

74 in.; weight: 33 lb. The current 
consumption (intermittent) is approxi-
mately 14 A.—Amos of Exeter Ltd., 
Weircliffe Court, Exwick, Exeter, Devon. 
For further Information circle 30 on Service Card 

31. Miniature Timer 
Electrical Remote Control have intro-
duced a simple and inexpensive timer 
which operates one set of changeover 
contacts at the end of an adjustable delay 
period, resetting automatically on dis-
connection of the voltage supply to the 
timer motor. 
The timer has a self-clutching miniature 

synchronous motor which, on energiza-
tion, drives one timing cam against its 
resetting spring and a changeover 
microswitch is operated. The motor 
should be then de-energized, when the 
resetting spring returns the timing cam 
to its pre-set position adjustable on a 
calibrated dial. 
'Time ranges available are: 0 to 10, 
0 to 30 and 0 to 60 sec; and 0 to 10 min. 
Switching capacity: 5 A at 240 V a.c. 
inductive, 10 A at 240 V non-inductive, 
and 3 A at 415 V a.c. non-inductive. 
The timer is supplied as standard 

with a Perspex cover. For applica-
tions where the smallest possible di-
mensions are required, the timer can be 
supplied without a cover: the overall 
dimensions are then 2 by 24 by 21 in. 
The price is £5 12s. Od. each.—Elec-
trical Remote Control Co. Ltd., Elremco 
Works, Bush Fair, Harlow, Essex. 
For further information circle 31 on Service Card 

32. Portable Off- Air Standard 
Advance Components have introduced 
a portable off-air frequency standard, 
the model OFS 1, which can be either 
mains or battery operated, and sells for 
£60. 

Providing an accuracy as good as a 
quartz crystal standard, the OFS 1 has 
two square-wave outputs of 100 kc/s and 
1 Mc/s, 6 V peak-to-peak into 1 k 
It can be phase locked to the 200-kc/s 
carrier-wave signal from the B.B.C. 
Light Programme transmitter at Droit-

29 
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wich, and then has a long-term accuracy 
better than 5 parts in 108. Stability 
per day is 1 part in 10". 
The short-term frequency accuracy is 

better than 3 parts in 108 for any period 
up to 5 sec and better than 1 part in 

in any period of 5 to 50 sec. 
Use of an external aerial gives full 

U.K. coverage, but for most of England 
the internal aerial will give adequate 
reception.—Advance Components Ltd., 
Roebuck Road, Hainault, Ilford, Essex. 
For further information circle 32 on Service Card 

33. Glass Dimmer Caps 
A new range of glass dimmer caps, 
offering improved performance and 
higher operating temperatures, has been 
developed by Plessey for use with 
existing pattern LH.23 lamp bodies. 
Six closely controlled colours (red, 
green, blue, yellow, orange and clear 
to B.S. 1376) are available and the light 
.ransmitted can be varied by means of a 
mechanical iris from maximum to zero 
by rotating the lens and bezel by hand 
through 60°. 
The new dimmer caps, which are 
in. in diameter, are designed to 

satisfy the requirements of DEF. 5201 
with humidity classification H.1 and 
temperature category —40 to +85 °C. 
Construction is dull nickel-plated brass, 
and the glass lens has the ability to 
withstand elevated temperatures and 
remain colour-fast. Synthetic rubber 
seals give a smooth action requiring 
only a low operating torque (not more 
than 10 oz in.) and are also unaffected 
by heat and damp.—The Plessey Com-
pany (U.K.) Ltd., Abbey Works, Titch-
field, Fareham, Hants. 
For further Information circle 33 on Service Card 

34. Improved Optical Shaft Encoder 
Digital Measurements Limited, in con-
junction with Winston Electronics, are 
producing an improved version of their 
optical shaft encoder. This version, 
designed to meet rigorous military re-
quirements, has the ability to maintain 
reliable operation in extreme environ-
ments. The changes include an in-
creased maximum readout rate of 6,100 

bits per second, higher signal outputs, 
and optional hermetic sealing. 
The output of the standard encoder is 

in Gray binary code, but other codes can 
be supplied to special order. For each 
revolution of the shaft, the encoder 
makes 2° counts, giving the high angular 
resolution of 2 min 38 sec; full readout 
resolution can be maintained up to 
speeds of 45 rev/min. 
The Winston-DM encoder has only 

one moving part and uses no gears, 
brushes or contacts for its operation. 
Backlash is eliminated, whilst moment of 
inertia, torque, friction and wear are 
reduced to a minimum. The only two 
bearings employed have precision ball 
races, sealed and permanently lubri-
cated with a silicone oil. The encoder 
is housed in a small case with a NATO 
size 23 mounting flange and its weight is 
1 lb 5 oz.—Digital Measurements Ltd., 
25 Salisbury Grove, Mytchett, Aldershot, 
Hants. 
For further Information circle 34 on Service Card 

35. V.H.F. Transmitter 
Radio Communications have announced 
the `Telecomm' v.h.f. transmitter type 
TT20. This instrument is designed for 
single-channel operation in the fre-
quency range 40 to 140 Mc/s with 
amplitude modulation. 
By the use of transistors throughout, 

the power consumption has been re-
duced to a very low figure in comparison 

33 

with valve transmitters. A small in-
ternal mercury battery permits approxi-
mately 40 hours' continuous use. A 
moving-coil lapel microphone and 
flexible aerial are normally provided. 
The transmitter is crystal controlled 

and suitable for use in the most modern 
25-kc/s channel-spaced systems. A 
typical peak power output of approxi-
mately W is attained depending on 
frequency.—Radio Communications Co., 
16 Abbey Street, Crewkerne, Somerset. 
For further Information circle 35 on Service Card 

36. Transistor Voltmeter 
As part of a range of solid-state equip-
ment, Furzehill Laboratories are intro-
ducing a voltmeter covering a range of 
10 /tV to 300 V over a frequency range 
of 10 cis to 10 Mc/s. 
A printed circuit is used, employing 

semiconductor techniques throughout. 
The basic instrument draws its power 
from the mains supply but provision is 
made for a rechargeable battery to be 
incorporated as an optional extra. This 
is a useful facility for field or laboratory 
work, ensuring complete absence of hum 
and earth-loop problems. 
A linear meter is used scaled 0 to 3-5, 

0 to 10, reading 1 mV full-scale on the 
most sensitive range and 300 V on the 
highest range. Substantial negative 
feedback ensures an accuracy better 
than 2% over the majority of the 
frequency range. The meter is also 
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scaled in dB relative to 1 mW in 600 a 
The input impedance is 3 MO with 25 
pF shunt capacitance. A low-capaci-
tance probe (3 Ma 5 pF) having a gain 
of unity is available as an optional 
extra. The dimensions of the instru-
ment are 6+ by 71 by 8-1- in., and the 
weight is 10 lb.—Furzehill Laboratories 
Ltd., Theobald Street, Borehamwood, 
Herts. 
For further Information circle 36 on Service Card 

37. High Rate Strain Testers 
For some time it has been recognized 
that most materials are sensitive to the 
rate at which they are strained. Equip-
ment capable of faithful operation at 
strain rates in excess of 20,000 in./min 
has been virtually unavailable and 
hence, data on the performance of 
materials at impact-simulating strain 
rates has been marginal. 

Dimensional Research is now pro-
ducing a line of high strain rate testing 
machines based on what is claimed to 
be a radically different approach to 
the problem of accurate testing of 
materials in the strain rate region of 
10,000 to 100,000 in./min. 
These machines, now in production, 

cost 20 to 25% of the price of conven-
tional equipment.—Technical Market-
ing Division, Dimensional Research 
Inc., 7920 Empire Avenue, Orlando, 
Florida, U.S.A. 
Forpurther Information circle 37 on Service Card 

38. Dual Pulse Generator 
The Orba type 01 492 dual pulse 
generator provides accurate pulse trains 
for applications such as fault location, 
impedance and uniformity tests on 
coaxial cables, e.g. to P.O. Engineer-
ing Department Specification LW 543. 

Alternative trains of + 40 V pulses at 
15 kc/s into 75 II resistance are 
provided with nominal half-height 
widths (W) of 100 and 200 nsec re-
spectively. A ± 15% tolerance applies 
to actual widths at quarter, half and 
three-quarter heights—namely 1.33 W 
(actual half-height width), Wand 0.66 W. 
Overshoot is negligible. The generator 
will deliver synchronizing trigger pulses 
of 10 V amplitude into 2 k a—Alex-
ander Orba Ltd., 109 Obelisk Road, 
Woolston, Southampton. 
For further information circle 38 on Service Card 

39. Miniature Potentiometer 
The WL18 potentiometer has been 
added to the range available from 
Reliance Controls. This 18-turn, wire-
wound unit has been designed for use 
when an economically-priced, high-
quality component is required, but 
where sealing is not of paramount im-
portance. Both standard and printed-
circuit versions are available, the 
latter having tags on the 0.1 in. grid. 
The unit is stackable, and has slipping 
clutch action at both ends of travel. 

37 

38 

Important features are the resistance 
range, 1 1/ to 40 kn, and the opera-
tional temperature range from —40 to 
+105 °C. The power rating is 0.5 W 
at 20 °C and the maximum working 
voltage is 500 V d.c. The weight of 
the unit is 1-8 gm and the dimensions 
are: length 1 in., width 0-28 in., height 
0.36 in. — Reliance Controls Ltd.. 
Re! con Works, Sutherland Road, 
Walthamstow, London, E.17. 
For further Information circle 39 on Service Card 

40. Spectrum Analyser 
A spectrum analyser introduced by 
Raytheon permits analysis of acoustic 
and random noise from 3 c/s to 13 kc/s. 
Parallel filter channels make possible 
high analysis rates while the close 
spacing of filter channels reduces ripple 
in amplitude response. Fine and coarse 
resolving ranges are incorporated for 
complete frequency analysis. 
The MRFR 150-2 uses 50 channels 

spaced 2 c/s apart to provide resolution 
of 5 c/s in a 100-c/s range; another 100 
parallel filter channels spaced 10 c/s 
apart offer 25-c/s resolution over a 
1-kc/s range. Each channel consists 
of a two-section filter, a solid-state 
amplifier, detector, and RC integrator 
(RC time constants from 0.1 to 100 
sec). Channel outputs are sampled by 
a low noise switch at one or more rates 
from 1 to 3,000 per sec.—Raytheon-Elsi, 
S.p.A., Villagrazia, Palermo, Italy. 
For further information circle 40 on Service Card 
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to a linear pulse stretcher is also 

LINEAR DELAY CIRCUITS 

using constant- current diode 

By S. S. HAKIM, Ph.D., B.Sc., A.M.I.E.E. 

T
HE constant-current diode operates on the same prin-
ciples as the field effect transistor', 2 shown illustrated in 
Fig. 1. The gate is biased negatively with respect to 

the drain electrode. If the applied bias voltage is large 
enough, then the depletion layer of the p-n junction can become 
wide enough to 'pinch off' the channel at the drain end. 

The 'voltage-current' characteristic of the constant-current 
diode is as shown in Fig. 2. Between the voltages Vp and 
Vg the current flowing across the diode remains practically 
constant. The voltage Vp is called the 'pinch-off voltage' 
and Va is the 'breakdown voltage'. When the applied voltage 
exceeds lin, avalanche breakdown occurs causing the current 
to increase. 

Linear Delay Circuit 

The constant-current diode described above can be used in 
the timing circuit of a monostable multivibrator as shown in 

Lanchester College of Technology, Coventry. 

GATE 

CHANNEL 

• 

Fig. I. Consioni-eurrent diode 

va V 
10 20 30 

DEPLETION 
LAYERS 

APPLIED VOLTAGE (VOLTS) 

Fig. 2. ` V-I' characteristic for constant-current diode 
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Fig. 3. This differs from a conventional monostable multi-
vibrator in two respects: 

(i) The constant-current diode is used in the base circuit 
of transistor TR3 instead of a resistor. 

(ii) The collector of transistor TR, is returned to a variable 
voltage supply via the common-collector stage TR,. 

In the quiescent condition TR3 is in saturation while TR, is 
cut off. Therefore, the timing capacitor C is charged up to 
a voltage closely equal to the base voltage — VB, (with respect 
to earth) of transistor TR, as determined by the potential 
divider. When at time t=0 the monostable multivibrator is 
triggered by a negative pulse applied to the base of TR, 
this transistor is made to conduct and TR3 is cut off. Since 
the voltage across the capacitor C cannot change instan-
taneously it follows that at 1=0+ the base voltage of transis-
tor TR, rises to Val. The timing capacitor then begins to 
charge up, via the constant-current diode, towards the 
negative supply voltage. Assuming that I is the current 
supplied by this diode, the base voltage VB3 of transistor 
TR3 varies linearly with time and is given by 

VB3 = V - 

+10\I 

Fig. 3. Linear delay circuit 

(1) 
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Suppose that VB3=0 at t=r. At this instance transistor 
TR3 begins to conduct again and so the monostable multi-
vibrator returns to its quiescent condition. Therefore, the 
pulse duration r is 

CVni (2) 

Here we see that r is directly related to the control voltage 
Viti at the base of transistor TR,. Fig. 4 shows r plotted 
against VB1 for the circuit of Fig. 3. The measured values 
agree closely with Equ. (1). For the diode used in Fig. 3 the 
current / is 1.4 mA (see Fig. 2). 

Fig. 5 shows the waveforms associated with the circuit of 
Fig. 3. It is of interest to observe the linear variation of the 
base voltage of TR„ with time. By returning the collector of 
TR3 to a constant d.c. supply and by arranging it to be in 
saturation in the quiescent condition it is possible to main-

0.8 

0.6 

0.4 

0.2 

O 

,#,Zz,,MEASURED /' 
"CALCULATED FROM 

Equ.2 

4 8 12 16 20 24 

CONTROL VOLTAGE (Val) 

Fig. 4. ' Pulse width-control voltage' characteristic 
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BASE 

OF TR3 
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OF TR 2 

COLLECTOR 

OF TR2 

Fig. 5. Waveforms for circuit of Fig. 3 
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Fig. 6. Linear pulse stretcher 

20V 

+20V 

Fig. 7. Waveforms for circuit of Fig. 6 

tain the amplitude of output pulse at the collector of TR3 
practically constant irrespective of variations in control vol-
tage Viti. 
On differentiating the output of TR3 and clipping the nega-

tive pulse it is possible to generate a delayed positive pulse, the 
delay being controlled by the potentiometer setting. 

Linear Pulse Stretcher 
Another useful application of the constant-current diode is 

in linear pulse-stretching circuits. One such circuit is shown 
in Fig. 6. When a negative pulse of amplitude V, is applied 
to the input base terminal, the capacitor C charges up rapidly 
to the voltage V, via the low output impedance of the common-
collector stage TR,. When the input pulse ceases the emitter 
is left at a negative potential with respect to the base. There-
fore, transistor TR, cuts off and the capacitor C discharges via 
the constant-current diode. The discharge process will thus 
be a linear one terminating at time r equal to CV,// where I is 
the current flowing through the constant-current diode. The 
width of the resulting output pulse is therefore proportional 
to V, and the circuit acts as a linear pulse stretcher. 
The waveforms of Fig. 7 illustrate the output of the circuit 

of Fig. 6. 
On amplifying the output signal, differentiating and then 

clipping, it is possible to generate a delayed pulse with the 
delay being controlled by the amplitude V, of the applied 
input pulse. 
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EXCESS DEMAND WARNING SYSTEM FOR 

STEELMAKING PLANT 

A Ferranti excess demand warning system has been 
installed and commissioned at the Steel, Peech and Tozer 
(Rotherham) branch of the United Steel Companies Ltd., 
to provide two-stage control of their maximum electrical 
power demand. 

Power for six 40-MVA electric arc furnaces to be installed 
in what is claimed to be the world's largest electric steel-
making plant is supplied from a 275/33 kV substation at 
Templeborough. Three of the six furnaces are already in 
use. 

The warning system provides a much closer degree of 
control over the consumption of electrical energy than the 
conventional maximum demand warning devices. It was 
developed primarily for use in plants of the continuously-
operated type designed for maximum production, as shut-
downs based upon too frequent warnings of approaching 
maximum demand can seriously affect the quality of the 
product and the plant's efficiency, quite apart from the loss 
in production. 

For first stage control the E.D.W.S. ensures that half-
hour demands do not exceed a pre-determined level dur-
ing normal operations and, to achieve this, impulses 
representing the actual load consumed are obtained from 
the C.E.G.B. tariff metering equipment and compared with 
impulses representing the 'target' load. 
Any discrepancy between the two pulse rates is indicated 

in the substation and furnace control room on instruments 
which display the number of kWh by which the integrated 
actual load differs from the target load. 

Because the demands of the steel making process vary 
considerably, the furnace controller may exceed this target 
load during the early part of the demand integration period, 

provided that subsequent reduction brings the integrated 
value for the half-hour within the target setting. 
The controllers are provided with two instruments as 

aids to meeting these conditions. One indicates continually 
the value to which load must be shed in order to come 
within target by the end of the period and the other con-
sists of an illuminated band, behind the discrepancy 
indicator scale, which contracts towards the centre zero 
mark as the period progresses. The controller must keep 
the discrepancy pointer within the illuminated band and, as 
a further aid, a pre-set dial indicates the amount of load 
to be shed when the pointer and the edge of the band 
coincide. 

Should manual control prove ineffective, two safety 
circuits take over. They consist of 30-minute integrators 
pre-set at slightly different levels to make contact just before 
the target number of kWh has been consumed. The circuit 
with the lower setting sounds an alarm, while the other 
automatically trips the furnace air circuit breakers. 
The terms of the electricity supply tariff to Steel, Peech 

& Tozer include a provision that, within five minutes of 
receiving a request from the C.E.G.B. Grid Control Centre, 
the company must be able to shed at least 25 MW of load. 

As part of the second-stage control, during this restricted 
period, the demand is integrated over five minute periods. 
The impulses corresponding to actual load are derived 
from a high-speed contactor on the tariff metering equip-
ment, while the target load impulses are from a generator 
running at a frequency corresponding to the nominated 
load. All facilities are otherwise provided as for first-stage 
control. 

For further information circle 45 on Service Card 

Standard Frequency Receiver 

Hewlett-Packard, of Bedford, the British subsidiary of 
the American instrument company, established about one 
year ago their own research and development laboratory. 

This shows John Hearn, designer of the new instrument, setting 
up the receiver during field trials in Geneva] 

Now announced is the first all-British H.-P. instrument 
which is called the 5090A Standard Frequency Receiver 
(Droitwich). This is intended to provide reference frequency 
signals of 100 kc/s and 1 Mc/s for setting up highly stable 
secondary frequency standards, counters, etc. 

In February 1963, the B.B.C. improved the frequency 
stability of the Droitwich transmitter to better than 5 parts 
in 1010 per day. The 5090A receiver uses the signal from 
this transmitter to synchronize the frequency of an internal 
oscillator which provides output signal frequencies at 
100 kc/s and 1 Mc/s with the same frequency stability as 
that of the original transmission. 
The sensitivity of the receiver is better than 1 ILV and 

its stability is such that it will not contribute phase delay 
changes of more than 1 ,izsec over the operating tempera-
ture range 0 to 50 °C. 

A further facility is provided by the circuit associated 
with the 'external standard socket'. This makes it possible 
to compare either 100 kc/s or 1 Mc/s signals with that 
provided by the receiver; a resulting d.c. difference signal 
can be used to drive a chart recorder. 
For further information circle 46 on Service Card 
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ofrFrher inform Itioi circle 23 oi Service Card 

The benefits of a quarter of a century of 

experience in all branches of 

Vacuum Technology in the U.S.A. are now 

available in the United Kingdom 

following the introduction of 

a new range of advanced high-

vacuum equipment by. 

High and Dry at 10-10 Torr. 
New improved series of unique 
Triode Getter-Ion Pumps offer 
continuous reliable operation 
with minimum supervision in sys-
tems where absolute cleanliness 
and freedom from contaminating 
vapour is essential. Available in 
three sizes having peak air 
speeds of 30, 100 and 350 Litres 
per second. 
World's first Matched Ultra-
High Vacuum Components. 
Designed toprovide capability of 
10-" torr at low capital cost. 
Matching sets diffusion pumps, 
multi coolant baffles, sorbent 
traps and all accessories in 2", 
4", 6" and 10" sizes. 
High Conductance Valves. 
Higher conductance, better ac-
cessibility, more versatile design 
at lower prices than any compar-
able valves. Available with un-
grooved flanges suitable for any 
gasket material. Standard valve 
body accepts three types of 
operator. 
New G1C-110A Ionisation 
Thermo Couple Gauge. Range 
2x 10-9 to 1 X 10-3 torr extended 
to 2 torr with one—or two—head 
thermocouple accessory. New 
dual filament tube. Adjustable 
filament protection and alarm 
circuit may be used as vacuum 
switch. 

Complete spares, service 
facilities and technical advice 
are at your disposal. 

CV C 
u. 

Consolidated Vacuum Corporation 
Bell & Howell Limited. 

14 Commercial Road, Woking, Surrey. Telephone: Woking 5633 
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For further information circle 234 on Service Card 

IT'S ONLY 2" DEEP 

PLANNETTE  

The axial flow blower for confined spaces 

The unique size, moderate cost and ingenious construction of 
the Plannette have now established it as the ideal answer to 
many problems in general electronic cooling and cabinet 

ventilation. Many thousands are in use in the U.K. and 
overseas. 

Because the entire assembly is only 2" deep, the Plannette can 
be mounted either inside or on top of the cabinet, vertically or 
horizontally. It is particularly valuable where temperature 

control is difficult because of lack of space or where a blower 
has to be added late in the design stage. 

The Plannette is available in two sizes at alternative speeds: 

4+" dia. delivers: 80 c.f.m. at 0.15 s.w.g. at 2,700 r.p.m. 

40 c.f.m. at 0.04 s.w.g. at 1,400 r.p.m. 
6" dia. delivers: 150 c.f.m. at 0.25 s.w.g. at 2,700 r.p.m. 

75 c.f.m. at 0.06 s.w.g. at 1,400 r.p.m. 

The motors are a.c. and may be arranged either for 230V 
1- ph 50/60 cycles or 110V 1-ph 50/60 cycles. 

Send for full details to: 

%MEMO Specialists in aero-thermal control 

Plannair Limited, Windfield House, Leatherhead, Surrey. 
Telephone: Leatherhead 4091 



According to the generalized classification the Owen 
bridge is what is termed an adjacent balancing-arm' type 
of bridge. This configuration is prone to shielding difficulties 
which are shown to be removed by inserting a balancing 
arm in series with the unknown. The aims of this paper 
are firstly to pay attention in general to the resulting 
configuration and secondly to investigate in this regard the 
specific case of the Owen bridge when component residuals 
are taken into account. Experimental evidence in support 
of the derived theory is provided. 

THE 

OWEN 

BRIDGE 

By K. POSEL, Ph.D., A.M.I.E.E. 

THE 
UNKNOWN 

Fig. 1. The Owen bridge, 
according to the generalized 
classification 

C4 

THE 
UNKNOWN 

Fig. 2. The Owen bridge, 
with the balancing variable 
changed from C, to RI in 
series with the unknown itself 

T
HE author has recently' proposed a simplified treatmen 
of Ferguson's2 generalized classification of four-terminal 
bridge networks, the simplification having arisen by the 

use of the convergence-to-balance expression as the basis 
of all derivation as opposed to that of the balance equations 
themselves. According to this classification the Owen3 
configuration emerges as what is termed an adjacent balancing-
arm type of bridge with no resistance in arm 3' and is eminently 
suitable for the measurement of an inductive impedance. The 
resulting bridge is shown in Fig. 1 and the variable elements to 
achieve the balanced state are R4 and X4. The Owen bridge 
is often used in this form.4 However as first proposed,3 and 
as used even more often, a variable resistance is inserted into 
arm l in series with the unknown, as shown in Fig. 2, and this 
takes over, from the reactance X4, the role of a balancing 
variable. 
The implications of having a balancing element in the same 

arm as the unknown itself are many and important, and is a 
feature which has not, in the author's opinion, been paid its 
merited attention in the relevant published literature to date. 
The aim of this paper is firstly to discuss briefly the general 
effects of such a balancing-variable connection and secondly 
to consider the implications involved in such a situation with 
specific reference to the Owen bridge. In the latter instance 
an analysis is presented which takes into account the second-
order effects of the component residuals of the self-inductance 
of, and stray capacitance across, each resistor of the bridge 
and the dissipation factor of each capacitor. Previous 
analyses of the Owen bridge3, e, 6 have taken regard of the 
first and third of these residuals, but there has not, as far as 
the author is aware, appeared in the relevant published 
literature one taking cognizance of the stray capacitance 
effect. It is shown in this paper that of all residuals the latter 
causes the most harm in accurate Owen bridge measurement. 
The procedure with the Owen bridge configuration of Fig. 

2 is firstly to short-circuit the unknown and to balance by 
suitable adjustment of the arms R4 and RI. Thereafter the 
short-circuit is removed and the bridge re-balanced. It can 
be shown that the unknown inductance is determined in terms 
of an expression involving the difference in values of the 
resistor R4 under these two conditions and as such the use of 
the short-circuit test is regarded as a convenient means of 
obtaining an evaluation of the part played by the component 
residuals in the operation of the bridge. When the stray 
capacitance effect is taken into account, however, it is shown 
in this paper that the value required of the resistor R, to per-
mit of a balanced state under the short-circuit condition can 
actually become negative; the use of the short-circuit test 
results under these circumstances is then shown to decrease, 
as opposed to enhancing, the accuracy with which the deter-
mination of the unknown inductance is achieved. 

Balancing Variable in Series with Unknown 

Preliminary Considerations 
As mentioned in an earlier paper,' the one difficulty ex-

perienced with the adjacent balancing-arm' type of bridge is 
that, as both bridge variable-elements occur in series in the 
same arm, it is impossible for both of the latter to have direct 
connections to earth. If the operating frequency is sufficiently 
high it is found that such an earth connection is an invaluable 
asset in eliminating the undesirable feature of the operator's 
body-capacitance to earth affecting the balanced state, and as 
such some other approach must be adopted in order to realize 
this property in the adjacent balancing-arm bridge. 
The numerator in the expression for the output voltage from 

the bridge has been termed' the characteristic equation'; the 
manner in which the convergence-to-balance is achieved is 
then the manner in which this characteristic equation 
approaches zero. This latter equation in the case of the 

e Electrical Engineering Department, University of the Witwatersrand. 
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adjacent balancing-arm bridge has been shown' to consist of 
a real component in which there feature terms involving the 
product of like components of opposite bridge arms and a 
j-component containing products of unlike components of the 
same opposite arms. Any one of the two components of the 
unknown being measured can then be made a suitable bridge 
balancing arm by the inclusion in series with the unknown and 
in the same arm of a variable element of type the same as that 
component of the unknown which is to be used. 
Having one balancing variable in the arm containing the 

unknown, and the second in an adjacent arm means that each 
of the latter can be connected to one terminal of the output 
isolating transformer; if one variable is then directly earthed 
the second is earthed under balance conditions since there is 
then no potential difference between the two terminals of the 
latter transformer. 

Therefore to summarize, the earthing problem concerning 
the balancing-variables, which arises in the adjacent balancing-
arm bridge, can be virtually cured by having one such variable 
in series with, and in the same arm as, the unknown itself. 

Additional Benefits 
Placing a variable in series with the unknown in this manner 

gives rise to an important additional benefit, as follows. It 
becomes possible under these circumstances completely to 
short-circuit the unknown and still to achieve a balanced con-
dition from the bridge by retaining the same variable arms. 
The value of such a short-circuit test lies in the fact that the 
results may be used as a substitution measurement for the 
calculation of the effects of any second-order terms, such as 
component residuals and the like; in this instance the cali-
brated standard used for the substitution measurement merely 
happens to have the value zero. It is of particular importance 
to note that such a short-circuit test cannot be conducted in the 
more conventional case where the unknown fills one complete 
arm of the bridge. 
There is one proviso to the benefits accruing from the short-

circuit test as mentioned above, namely that balance shall be 
possible and positive. More detailed attention is paid to this 
proviso later. 

The Owen Bridge, Taking Account of Residuals 

Convergence-to-Balance 
The first point to establish is that the use of the balancing 

variables indicated in Fig. 2 does in fact result in a convergence 
to balance of the optimum form, the latter being a require-
ment on what was termed the 'ideal' bridge in the generalized 
classification of bridge methods" 2 and which was satisfied by 
the Owen configuration of Fig. I. 
The characteristic equation, to be deonoted 8, is given by 

ZiZ3— Z2Z4 (1) 

The unknown will be denoted R-4-jA' here, with the balancing 
variable in arm 1 denoted R4. Therefore substituting the 
relevant impedances from Fig. 2 into equation (1) yields, 
neglecting component residuals for the moment, 

8=(R-FfroL-FR4)(—jX4)-122(R4—j X 4) 

i.e., 8 R2R4d- j[R2X.— X3(R+ R,)] (2) 

Equation (2) indicates that the variation of R4 caters for the 
zeroing of the real component of 8, while variation of R, 
takes care of the j-term. The use of R4 and R, as bridge 
balancing variables does therefore result in a convergence of 
the optimum form.' 

Conditions at Balance, Taking Account of Residuals 
At balance 8 is zero, so that the required equation is 

obtained from ( 1) by the substitution of the relevant 
impedances together with their residual content. In this 

latter connection it can be shown that the impedance of a 
resistor R possessing the residuals of a self-inductance / 
henrys and a stray capacitance Cg farads is given by 

ZR=R[14-1(q — ce)] (3) 

where q=w1IR 

and oc• 6)C8 R 

In similar fashion the impedance of a 
dissipation factor D is given by 

Ze= —1X(1-FjD) 

(4) 

(5) 

capacitor having a 

(6) 

To specify that the equation to be obtained holds only 
under the balance conditions the variable arms R, and R4 
will possess the additional subscript '0'; thus /2,0 denotes the 
value of R, at balance, and likewise for R40. 
Adopting this procedure and substituting equations (6) 

and (3) for the relevant impedances into equation ( 1) with 
placed zero, there results the following equation at balance: 

[R+/L+ Rio[i -alo))]( — /X3)(1 +./D3) 

R2[1 +/(92 ---ce2)][R40[ 1 4-/(940 — a40)] —.ad( I 1-/D4)1 (7) 

It proves most convenient to divide through by the terni 
(1 -VD3) to obtain 

[R +L -FR I0E1 -Fi(910 ( — iX3) 

R2R4 or 1-1-k12 — Ce2 '140 — a 40 

R2[1 +:02 —cc 2 -I- D4 —  D3)] (8) 

if higher-order terms are neglected. 
The relevant simplification of equation (8) and the equating 

of like components yields the following two expressions 

L = R2C3R„-FRaRloC442 - 1401R42)+(R2C3IC4) 

[121 R2— R2C42 +(D4 D3)/] (9) 

and RI- Ri0=C3R21C4—(o2C,R2124,[121R,— C82 12, 

+14 of R40 C840R40 — (10) 

Equations (9) and (10) are the complete expressions to be 
used for the determination of the unknowns L and R respec-
tively when the component residuals indicated are taken into 
account. 

Short-Circuit Balance Condition 
It is to be noted that equation (9) contains on the right-

hand side two terms which involve the balancing variables 
R44 and RI0 and a third term which is a constant quantity 
inasmuch as it does not contain the latter two variable ele-
ments. The use of a substitution procedure in this instance 
will then enable information to be obtained as to this latter 
third and constant expression. If the value of L is made 
zero for such a substitution measurement a short-circuit test 
results. In this the unknown is accurately short-circuited 
and the bridge re-balanced by suitable variation of R4 and R,. 
Let the resulting values be R40' and RI.' respectively. 
From equations (9) and (10) the two expressions emerging 

from such a test are 

o = R2C3R40' Rij(R1O'C810'-1107R10') 

+(R2C3/C4)[12/R2 R2C8 2 +(D4 

and 

R40' = C3R21C4 — (02C3R2R40112/R2 — C82R2— D3Ico 

+140'1Ra—C84óR401 (12) 

It is to be noted that the above two equations (11) and (12) 
have been obtained by mere mathematical manipulation; no 
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attention has been paid to the practicability of obtaining such 
a short-circuit balanced state at this stage. This will be done 
later. 

Determination of the Unknown Inductance 

Equation ( 11) enables a substitution to be made in terms of 
R40' and R10' for the expression 

(R2C3/C4)[/2/R2— R2C82+ (D4 — D3)/w]. 

Thus combining equations ( 11) and (9), 

L - R2C3(Re) R40') Rio(C410Rin 110/R1n) 

— RioW410'Rio'-1107R10') (13) 

Here the unknown is determined entirely in terms of the 
properties of the two variable elements. The statement has 
been made in other works on the Owen bridges, 5' 7 that as the 
residual content of equation ( 13) is less than that of equation 
(9) the measurement of the unknown inductance L has, ipso 
facto, been achieved more accurately. It is shown here that 
more argument is required than that contained in this latter 
reasoning for the advantages, or otherwise, of the short-
circuit balance to be borne out. For example equation ( 13) 
is the result of mere mathematical manipulation without any 
attention having been given to the feasibility of such a short-
circuit balance. Thus each of R40' and R10' must be investi-
gated in terms of the remaining fixed bridge arms. 

Demands of Short-Circuit Balance 

Consider firstly the quantity R.0', that is the balance value 
of the element R, under short-circuit conditions. From 
equation ( 11), 

R40' =(/10'— Rio"C810')/R2C3 —  [12/R2— R2C82 

+(D,— D3)/(ü]/C, 

Coming now to the case of R10', it is seen from equation 
(12) that 

R10'=C3R3/C4 — N 2C3R2R40V407R40' + 12/R2 C42R2 

— Cs40'R40' D3/iú) (18) 

As R40' itself is a second-order quantity, the second term 
on the right-hand side of equation ( 18) is of fourth order and 
can therefore safely be neglected, to yield with good approxi-
mation 

Ri0' C3R2/C, (19) 

The fulfilment of the requirement on the value of /210' is 
therefore a simple matter. 

Determination of the Unknown Resistance 

Comparing equations ( 19) and ( 10) it is seen that the short-
circuit test in the case of the determination of the unknown 
resistance is merely a substitution for the quantity C3/22/C, 
appearing in equation ( 10) and hence does not accomplish 
in this instance what it did in the case of the unknown in-
ductance, namely the elimination of certain residual effects. 
Thus 

R+ R10= R10 ' -i-id2C3R2R40(Cs2R2+ C840R40+ D3/ú 

12/R2 - 140/R40) (20) 

= /210'+w2C3R2R,0.A (21) 

where 

A — C82R2-1-C84,,R40+ D3Ito — 121 R2— 1401 Rao (22) 

Substituting for the term CsR2R,o appearing in equation 
(21) from equation (9) and neglecting higher-order terms 
yields 

i.e., 
(14) 

Substituting for the term R.,C3 here from equation ( 12) and 
neglecting higher-order terms yields 

R40' — (1 /C4)[1107R 10' — Rlo'C810'-121R2 -4- R2C42 

+ (D 3 — D4)1(0] (15) 

R10' may be retained in the first term of the above equation 
as it appears there in the form of a time-constant. In the 
second term, however, R10' must again be substituted for in 
terms of equation ( 12) to yield on neglecting higher-order 
quantities, 

R40' = (1/C4)[1407R10'- 121R2+ R2(C82—C8.0'C.IC4) 

+(D.— D4)1(o] (16) 

The above equation can normally be approximated to the 
following form without great error 

R,0' 4 (R2/C4)(C82— C,,0"C2/C,) (17) 

Equation ( 17) indicates that the short-circuit balance may 
well require a negative value of R40 ', depending on the relative 
magnitudes of C42 and C0,0"C3/C4. The emergence of such a 
negative value does not in any way result from what may be 
termed 'bad design' of the bridge, but merely from a considera-
tion of the difference of certain stray capacitance residuals. 
C8 10' will normally be of the same magnitude as C82, and it is 
quite possible for C3 to exceed C4 in value, making for a 
negative R40'. It would appear that this feature has been 
overlooked in the published literature to date on the Owen 
bridge. 

For the case of no component residual content it is seen 
from equation ( 16) that R40' has the value zero. 

R- Rio= Rio' f -AeL 

R.0' — Rio= R—AwL= RO — A Q) (23) 

where Q is the 'quality factor' of the inductive impedance 
being measured and is given by wLIR. 
Thus if, as is customary, the difference between R10' and 

R10 is taken as yielding the unknown resistance R, there is 
seen from equation (23) to be a proportional error in the 
measurement given by AQ where A is given by equation (22). 
It will be shown that this error determines the upper limit of 
the bridge operative frequency range for the measurement of 
resistance. 
The error just mentioned arises by the use of an abbreviated 

equation for the unknown resistance, and may thus be 
termed a 'theoretical' error. As the unknown resistance is 
to be determined as the difference between two quantities, 
namely R,o' and R10, there is seen to enter an additional error 
for experimental reasons. Thus if the error in the experi-
mental determination of R10' be the proportional amount d 
and that in the determination of R10 be a proportional amount 
e, and if R10' is a proportional amount m greater than R10, it 
follows that the experimental error in the determination of the 
unknown resistance R as the difference between R10' and /210 
is given by d+(d+e)1m. 

Determination of the Unknown Inductance (continued) 

Having determined R40' by equation ( 17) and Rlo' by equa-
tion ( 19) attention can once more be directed to the deter-
mination of the unknown inductance from equation (13). 
The latter can be rewritten in the form 

L —R2C3(R 40— R4o1 -F(CsioR3.02— Cs loS 1(0) - 4o +110' (24) 

In order to simplify the second term on the right-hand side 
of this equation it will be assumed that C8 10= CE10 ', that is that 
the stray capacitance across the balancing resistor R, at the 
normal balance is the same as that pertaining under the short-
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circuit balance conditions. With R10'- R10 given by equa-
tion (23) it follows that 

R102-R,0,2_ R2, 11- A)11-2C,12,1C,(1- A)] (25) 

Substituting equation (25) into ( 13) the unknown induc-
tance is determined as 

C., 0R2(1 - A)2[l 2CsR2/C4R(1 -A)] 

(26) 

The error in the use of the abbreviated form 

L* R2C3(R40- R10') 

is then calculable. 
The position where R40' has the value zero becomes rather 

disconcerting. If the bridge is definitely balanced with this 
value of R40% that is zero output voltage definitely occurs, the 
difficulty resolves itself. lf, however, as is the more normal 
occurrence, finite output voltage persists, the operator is left 
with the decision as to whether a negative value of R40 ' is in 
fact required to reduce the minimum, but finite, voltage 
obtained. In accurate work this decision is not an easy one 
to make and under these circumstances the author would offer 
the following solution. The stray capacitance across the 
resistor R, should be deliberately increased until the value of 
R40 ' is just positive; increasing Cs, in this manner in no way 
affects the accuracy of the determination of the unknown 
inductance other than enhancing it, but the accuracy of the 
measurement of the unknown resistance is decreased as 
the quantity A, as given by equation (22), is increased. As 
the accuracy of the latter determination is in any event lower 
than that of the inductance measurement, this further decrease 
is under the normal circumstances a small price to pay. 

Résumé 
The shielding problems inherent in the 'adjacent balancing-

arm' type of bridge have been shown to be capable of solution 
by adopting the procedure of removing from one of the ele-
ments in this arm the function of a balancing variable and 
giving it instead to a suitable element inserted in the same arm 
as that containing the unknown. It has been shown that this 
still allows the convergence-to-balance to be of the optimum 
form and introduces the feature that a balance can be obtained 
from the resulting bridge with the unknown completely short-
circuited. The use of the results emerging from such a test 
must be regarded with care, particularly with regard to the 
value of the resistor R4, as it has been shown that, contra-
dictory to views now held in the relevant published literature, 
the case can easily arise in which the short-circuit test de-
creases, instead of enhancing, the accuracy of the determina-
tion of the unknown inductance. A remedy has been suggested 
which ensures that the value of R40 ' is always positive, and 
this has been shown to add slightly to the inaccuracy of the 
determination of the unknown resistance. 

Experimental Evidence 

A correctly-shielded Owen bridge configuration was con-
structed using precision components manufactured by the 
General Radio Company. Type 1432 decade resistance 
boxes of specified accuracy within 0.05 per cent and type 1409 
standard mica capacitors of specified accuracy within 0.05 
per cent were employed in the relevant bridge arms. The two 
shielded isolating transformers were of type 578. 
The results obtained when measuring an unshielded, air-

cored inductance of nominal value 100 millihenrys are shown 
in the accompanying table. An unshielded and air-cored 
type was specifically chosen in this instance to eliminate con-
siderations of the voltage-dependency of the measured in-
ductance value; in this way a change of bridge input voltage 
from 5 V to 100 V was found to have no recognizable effect on 
the emerging results. 

TABLE 

Fie- Con-
quenc% dition 
(c 

965.0 

R, 
(ohms) 

normal 
(a) 
(b) 

(a b) 

normal 
(a) 
(b) 

(a + b) 

normal 
(a) 
(b) 

(a . 17) 

5000 

2000 

. • 

1000 

R„ 
(ohms) 

R,,' 
(ohms) 

B1. 
(ohms) 

387.6 
385.3 
392.5 
390.2 

966.6 
965-7 
968.6 
967.7 

1932.8 
1932-4 
1933.8 
1933.4 

I -2 
- ve 
6-1 
3-8 

0.7 
- VC 
2-6 
I .7 

0.2 
- VC 

1-2 

0-8 

2470.7 
2470.7 
2472.5 
2472-5 

965.4 
965.4 
966.1 
966.1 

466.2 
466.2 
466.5 
466.5 

(ohms) 
Calculated 

Induc-
tance 
(nel) 

2503-6 96-60 
2503.6 
2503-6 96-60 
2503-6 96-60 

1001.7 
1001-7 
1001.6 
1001.6 

499.2 
499.2 
499.2 96.63 
499.2 96-63 

1864 normal 5000 
(a) 
(b) 

(a 4 b) 

3869 

5727 

-,011 

, 176 

normal 
(a) 
(b) 

(a • b( 

normal 
la) 
( h) 

la • h) 

normal 
(a) 
(h) 

(a • h) 

ern( ma) 
(a) 
(h) 

I (a • 1)) 

normal 
(a) 
(b) 

la 4 b) 

normal 
(a) 
(6) 

(a b) 

normal 
(a) 
(b) 

(a b) 

normal 
(a) 
(b) 

(a+ b) 

• 
2000 

1000 

5000 

387.8 
385.5 
392.7 
390.3 

966.9 
966.0 
968-9 
968.0 

1933.3 
1933.0 
1934.4 
1934.0 

388.3 
385.9 
393.2 
390.8 

2000 968.1 
967.2 
970.1 
969.2 

1000 

5000 

2000 

1000 

normal 5000 
(a) 
(b) 

(a + 

normal 
(a) 
(b) 

(a -4- b) 

normal 
(a) 
(b) 

(a+b) 

2000 

1000 

1935.7 
1935.3 
1936.7 
1936.3 

1-2 
- VC 
6-1 
3.7 

0.4 
- VC 

2-4 
1.4 

0.2 
- VC 
1.2 

0-7 

1.2 
- VC 
6.1 
3.7 

0-4 
- VC 
2.4 
1-4 

0.2 
- VC 
1.2 
0.7 

2472.0 
2472.0 
2478.4 
2478.4 

966.1 
966.1 
968.6 
968-6 

467.1 
467.1 
468.4 
468.4 

96-59 

96.60 
96-60 

96.63 

Resist. 
(ohms) 

32.9 
32.9 
31.1 
31.1 

36.3 
36.3 
35.5 
35.5 

33.0 
33.0 
32.7 
32.7 

2503.6 96.65 
2503.6 
2503.6 96.65 : 
2503.6 96.65 

998.5 96-65 
998.5 
998.5 96.65 
998.5 96-66 

499.2 96.655 
499.2' 
499.2 96.666 
499-2 96.665 1 

2503.7 
2503.7 
2503.6 
2503.5 

31.6 
31.6 
25.2 
25.2 

32.4 
32.4 
29.9 
29.9 

32.1 
32.1 
30.8 
30.8 

2475.8 
2475-9 
2503.8 
2503.7 

967.8 
967.8 
979.0 
979.0 

998.5 
998-5 
998.5 
998.5 

470.0 499.2 
470.0 499-2 
475.6 499.2 
475.6 499.2 

96.775 1 27.9 
27.8 

96-775 -se 

96.775 - ve 

96.77 31.3 
31.3 

96.77 19.5 
96.78 19.5 

96.775 29.2 
29.2 

96-775 23.6 
96.78 23.6 

389.0 
386.7 
394.0 
391.6 

969-9 
969.0 
971.9 
971.0 

1939.5 
1939.0 
1940.5 
1940.0 

1.2 
- ve 
6.1 
3.7 

0.7 
-VC 

2.6 
1.7 

0-2 
- ve 
I -2 
0-7 

390-1 
387.7 
395.3 
392.7 

972.6 
971.7 
974.7 
973.7 

1944.8 
1944.4 
1945.9 
1945-4 

1.2 
-ve 
6.1 
3.7 

0.7 
- VC 

2.6 
1.7 

0-2 
- VC 
1.2 

0-7 

2482-0 2504-0 
2482.0 2504.0 
2543-0 2504.0 
2543.0 2503.0 

971.0 
971.0 
995.0 
995-0 

475.0 
475-0 
487.0 
487.0 

1001.6 
1001-6 
1001.5 
I001•5 

499-1 
499-1 
499.1 
499.1 

2491.0 
2491-3 
2599-0 
2598.8 

975-0 
975.1 
1018.3 
1018.4 

481-6 
481.6 
503-3 
503.3 

2503.6 
2503.6 
2503.3 
2502.9 

1001.7 
1001.7 
1001.6 
1001.6 

499.2 
499.2 
499-2 
499.2 

96.95 22 
22 

96.975 .-- se 

96.92 30.6 
30.6 

96.93 6.5 
96.93 6.5 

96-965 

96.965 
96.965 

97.23 

96.975 

24.1 
24-1 
12.1 
12.1 

97.30 
97.25 

97.19 

97.21 
97.20 

97.23 

97.235 
97-235 

12.6 
12.3 
- VC 

- VC 

26.7 
26'7 
--ve 
- ve 

17.6 
17.6 
--ve 
-Ye 

normal 
(a) 
(b) 

(a + b) 

normal 
(b) 

(a 1-1.) 

normal 
(b) 

fa + b) 

5000 391-4 
389.1 
396.8 
394.1 

2000 976.0 
978.4 
977.5 

1000 1952.0 
1953.0 

„ 1952.0 

1-2 
- ve 
6-1 
3-7 

0.7 
2.6 
1•7 

0.2 
I -2 
0-7 

2503.0 
2503.0 
2670.0 
2670.0 

981.0 
1052-0 
1052-0 

492.0 
522.0 

1 5220 

2503.0 
2503.0 
2503.0 
2502.0 

1002.0 
1001-0 
1001-0 

499-0 
499.0 
499-0 

97.55 

97.68 
97.60 

97-53 
97-57 
97.57 

97.59 
97-59 
97.565 

o 
o 
-ve 

21.0 
-Ve 

7.0 
- VC 
- VC 

• pF±0-05 per cent 

• pF±0.05 per cent 

Condition normal' denotes the use of no additional stray capacitances 

Condition (a) denotes the use of 100 pF additional capacitance across R, 

Condition (b) denotes the use of 100 pF additional capacitance across R, 

Condition (a -1- b) denotes the simultaneous application of conditions (a) and (b) 
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Consider firstly the experimental verification of equation 
(17). Measurements were taken under four separate con-
ditions, firstly that, denoted 'condition normal', in which no 
additional capacitances were placed across the resistance arms, 
secondly that, denoted 'condition (a)', in which a 100-pF 
capacitance was placed across the resistance R1 only, thirdly 
that, denoted 'condition (b)', in which a 100-pF capacitance 
was placed across the resistance R2 only, and lastly, denoted 
'condition (a + b)', where conditions (a) and (b) were applied 
simultaneously. 
The results obtained indicate in each case that increase in 

C.1 alone causes R,20' when zero to leave a considerable out-
put voltage from the bridge; it is therefore presumed correct 
to state that a negative value of R40' was called for under these 
circumstances. This opinion is strengthened by the feature 
that in each case the value of R40 under condition (a), when 
taken with a zero value of R40% would have resulted in a value 
of the unknown inductance lower than that given by the other 
accompanying tests when condition (a) alone was not em-
ployed. A negative value of R40' would have the result, by 
equation (26), of causing the determined value of L to increase. 

With regard to the application of condition (b) alone, it is 
seen that the value of R40' emerges as large and positive, in 
accordance with equation ( 17). Considering the condition 
(a + b), it is seen that as predicted the addition of capacitance 
across the resistance R2 overcomes the previously existing 
negative value of R40'. Consistency is indicated between the 
values of the unknown inductance as measured under the 
conditions of normal, (b) and (a + b). 
Coming now to the attempted verification of equations (22) 

and (23), it is seen that the placing of additional capacitance 
across R1 has no effect on the resultant measurement of the un-
known resistance, whereas placing such capacitance across 
R2 [that is, condition (b)] causes the value emergent to be 
markedly lower than the true. For any given value of such 
capacitance it is seen that the decrease becomes more marked 
as the value of R2 is increased, in accordance with the theoreti-
cal prediction contained in equation (22). For any given 
stray capacitance across R2 and any given value of R2 the 
accompanying tables indicate that the reduction to the deter-

mined value of the unknown resistance increases as the 
frequency increases, in accordance with the predctiions of 
equation (23). 

With regard to the verification of equation ( 19) it is seen, 
to take a specific example, that in the case of R2 being 5,000 
ohms the variation in the value of RI.' under all conditions 
and from frequencies from 965 to 9,476 cycles per second is 
from 2,502 to 2,504 ohms, that is some 0.08 per cent. 
For purposes of comparison the inductance measurement 

as performed here was repeated at the frequency of 5,727 
cycles per second on a new three-terminal bridges in which 
residuals are shown to play an extremely minor role. Using 
the same components in the four-terminal and in the three-
terminal cases, the measurement in the latter instance yielded 
a value of 97.01 millihenrys for the inductance and a figure of 
46.58 ohms for the unknown resistance. If the most opti-
mistic value is taken from the Owen bridge inductance results 
at this frequency, a discrepancy of some 0.035 per cent is indi-
cated, and taking the most pessimistic a discrepancy of some 
0-09 per cent. Each of these differences is well within that 
allowed by component accuracies. 
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STEVI Provides Safety Shut-down 
Bristol Siddeley has ordered a number of STEVI (Sperry 

Turbine Engine Vibration Indicator) systems to monitor and, 
if necessary, shut-down one or all the four jet engines and 
associated free turbines which together form generating sets 
ordered by the Central Electricity Generating Board. Opera-
tion of the whole system, including STEVI, is automatic. 
The jet efflux of four Bristol Siddeley Olympus gas genera-

tors drives four free turbines carried on a common shaft 
coupled to a 70/80 MW alternator, the power being available 
at short notice to meet peak load demands. 

Sperry pick-ups and high-temperature cables are fitted to 
each engine and to pedestals along the power-turbine shaft. 
The pick-ups are scanned electronically and their outputs dis-
played as vibration amplitude. In the unlikely event of the 
vibration level exceeding a critical value a warning system 
operates. If this is caused by gas-generator vibration, the 
offending unit is shut down. Excessive vibration of the power 
turbines will result in the automatic warning system shutting 
down the whole plant. 

For further information circle 47 on Service Card A STEVI turbine vibration warning unit 
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RUGELEY 
GENERATING 

4'EN/4 STATION 

The complete instrumentation and control system for the 
five 120-megawatt units at the Central Electricity Generating 
Board's new generating station at Rugeley, which was 
officially opened on Tuesday, 1st October 1963, by Lord 
Robens, has been supplied, installed and commissioned by 
Elliott Process Automation Limited. 
The entire station is run from a vast central control room 

containing more than 135 feet of control panels. A single 
operator at each of the three consoles can control every stage 
of the power generation process—the feeding of coal to the 
milling machines, the supply of milled coal to the boilers, the 
regulation of the combustion and flue gases, the superheating 
and delivery of the steam to the turbines, the turbines them-
selves, the generators and the cooling system. 

3 

2 

The main control room at Rugeley. Two I-20-megawatt generat-
ing sets are controlled from each of two paeels. The third 
panel controls the remaining set 

2 The control panel for No. I and No. 2 generating sets. The 
open-loop system of control adopted at Rugeley is based on ' Elect ro-
flo' electronic transmission equipment. The system is designed 
to 'hold' in the event of either power supply or component 
failure. The amplifier unit in each control circuit can be removed 
for inspection or replacement, leaving the final servo-motor under 
remote manual control 

3 The control panel of the No. 3 generating set contains a mimic 
diagram and the instrumentation for the first 'dry' cooling_ 
tower to be built in this country 
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DYNAMIC 
BALANCING 
MACHINES 

This article discusses the various 
methods employed to determine 
where balancing weights should 
be placed on rotating devices in 
order to minimize vibration. In 
most cases balancing weights 
placed in two different planes 
suffice, but sometimes they must 
be in three or four planes. 

By 

D. E. TYZACK* 

W
HEN a motor-car engine begins to be noisy and to 
vibrate, it is usual to suspect trouble. Often 
something is wrong and vibration and noise come 

to be associated with faulty operation. In fact, a consider-
able amount of wear is normally caused by excessive 
vibration and even if there is no permanent effect a vibrating 
or noisy product is less desirable than one with smooth 
operation. 

In rotating machines static or knife-edge balancing of the 
rotating parts is insufficient as can be readily appreciated 
from the diagram of Fig. 1. 

Consider a uniform disc with a spindle which is statically 
balanced on knife edges, as in (a). If this is then cut in 
half along a diameter and the two halves pushed apart along 
the spindle without turning either, as in (b), the device is 
still statically balanced. 
However, if the device is now removed from the knife 

edges and rotated it will tend to wobble. 
This wobble will, in the absence of external forces, be 

about the centre of gravity. The wobble is the motion 
resulting from the couple exerted by the non-planar centri-
fugal forces on the two halves. These centrifugal forces are 
proportional to the weight of unbalance, its distance from 
the centre of turning and the square of the speed of rotation. 

If this device is supported in suspended bearings as most 
rotary devices are, it will be constrained to rotate about the 
journal axes. To constrain it, forces must be exerted by 
the bearings which are of equal but opposite moment to the 
unbalance forces. In any plane passing through the journal 
axes, they will alternate at the frequency of rotation of 
the body. 
These forces may rise to extremely high values particularly 

in view of ever increasing demands for high speed. 
To-day 3,000 r.p.m. is commonplace, 8,000 r.p.m. is typical 

for textile machinery, while 10,000 to 20,000 r.p.m. is the 
range for gas-turbine rotors. In precision grinders and 
gyroscopes speeds of 60,000 r.p.m. are approached. 

Unbalance Detection 

Unbalance forces can be determined in terms of the 
deflection caused by them in suitably suspended bearings. 

In most forms of balance detectors the bearings are so 
mounted that deflection in one line only is possible. In this 
line or direction a restoring force is provided to maintain a 
proportional relationship between force and deflection. 
A suitable transducer then converts the deflection so 

produced into a proportional electrical analogue, normally a 
voltage. 
As the electrical output is proportional to the bearing 

• E.M.I. Electronics Ltd. 
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reaction in one plane only, the voltage is an a.c. output of 
frequency equal to the rotational frequency of the workpiece. 
In the same way the phase of the output waveform directly 
indicates the angular position of the unbalance weight causing 
the bearing reaction. 

The Wattmeter Method 

In one simple method of unbalance detection, the rotor to 
be balanced is directly coupled to a two-pole a.c. generator. 
In addition an unbalance transducer or pick up is connected 
to one of the bearings, as shown in Fig. 2. 
When the rotor is spun, two voltages will be produced. 

One of these is from the pick up and results from an unbalance 
of the rotor, the other is from the two-pole generator and is 
solely a function of the angular position and speed of the 
rotor. The two voltages will be of the same frequency but 
differing phase and amplitudes. 
These two voltages are applied to the two coils of a watt-

meter. A wattmeter is designed so that the output indication 
is equal to the product of the two input signals times the 
cosine of the phase angle between them. If the generator 

(a) (b) 

Fig. 1. Static balance is achieved in both (a) and (b), but whereas 
(a) is also dynamically balanced (b) is not 

PICK-UP 

MACHINE BED 

ROTOR 
2- POLE 

GENERATOR 

Fig. 2. The rotor to be balanced is connected to a two-pole a.c. 
generator and a pick-up device at one of the bearings produces an 
output when the rotor vibrates 
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(d) 

I 

(b) (c) 

Fig. 3. The pick-up signal (a) is amplified and squared (b) and 
is then differentiated to produce pulses (c) which occur at the 
zeros of the sine wave 

stator is turned until its output is at 90° to the unbalance 
pick-up output, the indicated reading will be zero. 

In use the generator body is moved to null the meter. The 
angle indicated by the protractor on the body then defines 
the position of the unbalance on the test rotor with respect 
to the position of the generator rotor. 
The amount of unbalance can be determined from the 

maximum meter reading at 90° away from the null. 

Stroboscopic Method 

In this system the unbalance pick-up output is first amplified 
electronically and is of the form shown in Fig. 3(a). This 
signal is then squared or amplified beyond the linear range 
of the amplifier (b). The resulting square wave is then 
passed through a simple capacitance-resistance network which 
allows only the leading edge of the wave to pass and so 
produces a train of pulses each corresponding to the starting 
and finishing of a square wave (c). Now these pulses occur 
at exactly the instant at which the pick-up output sine wave 
passes through zero; thus they are directly related to the 
position of the unbalance, providing the necessary precautions 
are taken to avoid phase shift in the amplifier, and bearing 
suspension. 
The pulses are used to trigger a flashing discharge tube 

known as a stroboflash, so that the lamp illuminates the rotor 
at the instant when the unbalance is at the top or the bottom. 
The actual frozen' angular position can then be identified 

by one of a number of ways. 
Sticky tape with figures distributed along its length is 

sometimes used in conjunction with a fixed pointer. Even 
a single chalk mark is sometimes sufficient in high production 
units. 

Two-Plane Balancing 

Unbalance masses or holes may occur at any position in the 
structure of a rotor to be balanced. It is clearly impractical 
to compensate the unbalance in the plane in which it exists 
as this may result in an infinite number of compensations 
being required. It can readily be shown,' however, that 
compensation in two planes is sufficient for complete dynamic 
balance. In practice these planes are conveniently chosen 
near the bearings and compensations are made so that the 
total moment due to all centrifugal forces about each bearing 
in turn is zero. This condition ensures complete balance as 
by the laws of statics no moment can then exist about any 
other similar axis. 
Unbalance in one balancing plane will however produce a 

bearing reaction in both suspended bearings. If no action 
were taken to avoid this effect balancing could probably only 
be achieved by successive approximation. So for production 
balancing it is necessary to remove the output from the 
bearing not associated with the plane in which the unbalance 
exists. 

Den Hartog, ' Mechanical Vibrations', McGraw Hill, pp. 232-234. 
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The signal representing the unwanted bearing reaction is 
a voltage of the same frequency but different phase and 
amplitude from the wanted signal. For a given rotor, due 
to its geometrical shape, the unwanted signal bears a fixed 
ratio to the wanted signal. It is therefore an easy matter to 
inject a suitable proportion of the wanted signal voltage in 
antiphase so as to cancel the unwanted output. When this 
is done from each bearing output to the other corrections at 
one end may be done without interacting with the output 
from the other. 

Bearing Cradles 

Bearings are supported or suspended by a variety of 
methods all involving low friction mountings. Two methods 
are illustrated. 

In the hanging version, an inverted V frame supports a 
half bearing at the top of the A, while the legs of the A are 
supported by thin steel cables and phosphor bronze tapes. 
Moving parts are kept to the smallest possible mass to enable 
maximum deflection to be obtained with small rotors under 
dynamic conditions. 

In the second method the cradles are supported by ball 
bearings. These balls are housed in grooves which might 
best be described as boat shaped. Point contact only is 
achieved, yet the cradles run down-hill to the middle of the 
travel, to the broadest beam of the grooves. 

This latter is a method of construction which has been 
successfully employed for large loads of up to 300 to 400 lb 
and yet retains instrument type response. 

Pick-ups 

Transducers for converting small physical movements into 
electrical energy are numerous. Two types are shown. In 
the first, a simple moving-coil type, a coil is moved in the 
field created by a permanent magnet with a very small air 
gap. This produces a voltage output proportional to the 
instantaneous velocity of movement of the coil. 

In the second case, the transducer is sometimes referred to 
as a seismic type. It consists of a differential transformer 
comprising in principle a small stack of E-type laminations 
and a polepiece freely suspended. The a.c. energized coils 
are mounted on the outer limbs of the E. A pick-up coil is 
mounted on the central limb. When the freely-suspended 
pole symmetrically straddles the centre limb, making the 

Hanging type 
bearing cradle 
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In this support the cradles are supported by ball bearings 

gaps either side equal, the voltage induced in the centre coil 
is zero. A movement of the pole piece toward either the 
right-hand or left-hand limb upsets the symmetrical flux 
pattern and produces an a.c. induced voltage in the pick-up 
coil. The polarity of this a.c. induced voltage, with respect 
to the energizing current in the outer limbs indicates the 
direction of displacement of the pole piece. This produces 
an output proportional to the acceleration of the bearings. 
A third possible type of transducer consists of a simple 

plane cut crystal in which the piezo-electric effect is employed. 
In this, of course, the crystal produces electrical charges on 
its surfaces which depend upon the mechanical strains to 
which it is subjected. 

Work Supports 

The principle consideration in the mechanical design of 
the balancing-machine structure and of the bearing sus-
pensions is that the phase and amplitude of the bearing 
deflections should be strictly related to the unbalance forces 
causing them. 

Lack of rigidity in the structure may result in resonances 
or near resonances occurring within the range of workpiece 
speeds. A similar effect will be experienced if the bearing 
suspension resonates at near workpiece speed. With the 
former it is usual and convenient to make the structure 
extremely stiff to make any resonances occur at frequencies 
above working speeds. With the latter, it is normally only 
practical to make the resonance very low by comparison. 
Damping or friction is another factor to be minimized as 

this will again introduce spurious phase shifts. 
A troublesome effect resulting from lack of attention to 

the factors mentioned above is that the crosstalk output, or 
the reflected output in one transducer resulting from un-
balance in the plane of the other transducer, is not necessarily 
in strict antiphase with the primary output and so cannot 
be simply balanced out by a simple resistive network. 

Rotor Drives 

The most used method of driving rotors in balancing 
machines is by means of flat belts. These allow the work-
piece freedom of movement in the essential direction along 
the axis of the transducers. 

Belts are made of smooth uniform strip usually of rubber 
or laminated woven tubular material which is suitably 
impregnated. Belt tension can be a critical factor and it is 
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usually found necessary to provide an adjustable tension arm 
supporting a belt idler pulley in order to obtain sufficient 
tension to accelerate rotors rapidly for production balancing. 
Due to their different shapes, to the different ratios of driven 
to maximum diameter and indeed to the variation of weight 
alone, differing minimum tensions for quick acceleration are 

necessary. 
It is not possible merely to use a constant tension equal 

to the maximum for several reasons. The response for a 
small rotor would be reduced; the small rotors might be 
lifted from the cradles in the case of topside drives; and 
finally wrong tension in the belt will result in undesirable 
belt resonances. When the frequency of the belt resonance 
is near to that of the rotor rotation the tension must be 
adjusted so that the new belt resonant frequency will not be 
excited by the rotational speed of the workpiece. 

In larger machines the rotor can be driven by a suitable 
coupling directly on to the end of the shaft. 

Spurious Signals 

In most practical balancers the limit of balancing achievable 
is largely set by the level of undesired signals or noise present. 
The noise takes various forms. It could be spurious elec-

trical signals such as are produced by stray transformer or 
motor fields. It could be due to drive belt resonance or 
even frame or work support resonances. 

These effects are normally dealt with by suitable electrical 
filter networks. These remove the signals at frequencies 
other than that to which the filter is tuned. The filter is 
made adjustable and is adjusted to the frequency of vibration 
or unbalance output. 

Precision Balancing 

For some components even these frequency filtering tech-
niques are insufficient and more discriminating methods 
must be used. In particular, when balancing precision 
components, it is necessary to rotate them in their own ball 
bearings. In this case the noise output, although not at the 

Simple moving-coil transducer for vibration pick up 
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Seismic transducer comprising a differential transformer with a 
suspended polepiece 

rotational frequency is many times the amplitude of the 
maximum allowable unbalance output. 

Several methods of measuring unbalance in the presence 
of considerable noise are in use. In principle they all use a 
reference signal of the same frequency as the rotation of the 
tested rotor. 

This reference signal is used in one form or another in 
a phase-sensitive detector and is usually generated by a 
white spot on the end of the rotor together with a photocell 
system. 

In one system the photocell output is added to the output 

from the vibration pick-ups, so that the resulting output is 
the vector sum of the reference voltage and the vibration 
output. Considerable filtering of unwanted frequencies is 
then done. The sum output is then made a minimum by 
successive adjustment of the phase and amplitude of the 
fraction of the reference photocell output which is added to 
the vibration output. 
When a satisfactory null has been obtained the vibration 

pick-up output is switched off and the phase and amplitude 
of the fraction of the reference employed indicate the out of 
balance details required. 

In another system the reference signal and vibration 
signals are fed, after filtering, to the two coils of a wattmeter. 
Again, an adjustment of amplitude and phase of the reference 
signal is made until a null is obtained. From this again the 
required details can be obtained. 

Specially selective filtering can also be performed by 
modulating a carrier of several thousand cycles per second 
with the signal from the vibration pick-up outputs. Filtering 
is then performed with a band-pass filter. A filter can be 
designed more readily to have a narrow pass band at these 
frequencies than at the frequency of rotation of the work-
p iece. 

Long slender rotors running at high speeds are in use in 
turbo-generators. Special balancing problems are associated 
with these due to the fact that their working speed is near to 
or in excess of the first critical speed. At this speed the 
rotor is in bowing resonance and simple two-plane balancing 
performed at low speed does not hold good at the increased 
working speed. For very high rotor speeds two-plane 
balancing, even done at correct working speed, is insufficient. 
Here the solution has been found by balancing in three and 
sometimes four planes. 

New Real-Time Computer 

1.11111111.... , ten 

The latest addition to the range of Ferranti computers is 
'Hermes', a small, very fast and flexible, transistorized machine, 
which has been developed for real-time on-line applications, 
such as airline and railway seat reservations, air-traffic con-
trol systems, simulators, and numerous classified military 
requirements. 
The prototype Hermes initially will have a 4,096-word core 

store, one paper tape punch and one paper tape reader, and 
drum and magnetic tape units will be added early in 1964. 
An order for a Hermes computer has already been placed 

with Ferranti Ltd., by the Autonomics Division of the 
National Physical Laboratory at Teddington. This machine 
will be used initially for data processing and for optimal con-
trol of a pilot scale distillation column. Delivery is expected 
at the end of March 1964. 

Hermes is a parallel machine with germanium NOR-logic 
operating at a clock rate of 1 Mc/s which allows a transit time 
through the network of gates of 0.65 psec maximum. 

In the basic machine, which has a word length of 24 bits, 
the core store can have either a 3 or 6 //sec cycle time. Using 
a store with a cycle time of 6 psec, an addition time of 24 
iusec and a multiply time of 44 //sec maximum can be obtained. 

For further information circle 48 on Service Card 

The basic Ferranti Hermes computer undergoing commissioning 
trials at the new Ferranti research and development laboratories at 
Bracknell. Berks. 
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Elliott-Automation has supplied the complete automatic 
control systems for the six generating units at the C.E.G.B.'s 
Northfleet power station. Remote control of the 120-MW 
units is maintained from six separate 30-ft long control panels. 
The control system of each generating unit incorporates a 
comprehensive automatic data-logging system. Northfleet 
is the first conventional power station in Britain to have 
equipment of this kind to scan conditions at all important 
points throughout the plant, printing out an hourly log and 
giving an alarm signal in case of abnormal conditions. 
This system eliminates the necessity for a considerable number 
of conventional instruments and relieves operators from 
much dial-watching and form-filling. 

2 

T AUTOMATIC 

e tà1 o CONTROL 

4•E‘ei SYSTEMS 

AT NORTHFLEET 

3 

I One of the six 30-ft control panels which contain the instrumenta-
tion and remote controls for each 120-MW generating unit. 

2 Six Elliott data-logging and alarm scanning systems cover over 
two hundred points on each of the generating units; this photo-
graph shows the print-out end of one of them. The equipment 
also provides a trend record to give an indication of future 
operating performance. 

3 This local transmitter panel (there are three for each of the six 
generating units) contains all the instruments associated with the 
coal pulverizers and furnace chamber which transmit signals to 
indicators in the main control room. 
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Personal and Company News 

Harold P. Martin has been elected chairman of the BEAM A 
Export Panel in succession to Leonard H. Short, C.B.E., M.C. 
The vice chairman of the panel will now be Frank Rostron, 
M.B.E. 

John Ayres, M.I.E.E., has been appointed managing director 
of G.E.C. (Telecommunications) Ltd., and has accordingly 
resigned his positions with the Sears Engineering Group. 

Bedford Computer Service Ltd., which began operations 
eighteen months ago, is shortly to move from its temporary 
accommodation at Gwyn Street, Bedford, into premises now 
being completed in one of the town's new development areas. 

794 

Rodney G. Kent has been elected chairman of the Federation 
of British Industries' Eastern Regional Council. 

Frederick Arthur Robins, sales engineer at the Bristol office 
of Brookhirst lgranic Ltd., has been appointed Bristol area 
manager. 

The board of directors of Beckman Instruments have 
announced the appointment of J. R. McNally as managing 
director. 

Harvey Hubbell Ltd. of Camberley, Surrey, announce the 
purchase of Grelco Ltd., manufacturers of electrical 
accessories. Grelco, whose London office is at 123A 
Gloucester Road, London, S.W.7., will operate as a wholly-
owned subsidiary. 

The Reliance Telephone Co. Ltd. have announced that 
E. Silbermann has retired as managing director. He will 
remain chairman and act in a consultative capacity. His 
successor as managing director is D. H. Broome, M.A. 

General Precision Systems Ltd., formerly Air Trainers 
(Link), announce the appointment of W. B. Homer, Assoc. 
Brit.I.R.E., as manager of their Industrial Products Division. 

It is announced that Elliott-Automation Ltd. has taken over 
from Evershed & Vignoles Ltd. their business in polarographs, 
thus extending their range of process and analytical quality 
control instruments. 

Vactric Control Equipment Ltd. announce that they have 
installed a Telex system in their new head office at Garth 
Road, Morden, Surrey. The Telex number is 27796. 

The Marconi International Marine Co. Ltd. announce that 
L. A. Hooper has relinquished his post as personnel and 
training manager to become manager, Establishments and 
Services. P. V. G. Lintzgy, previously manager, Operating 
and Traffic, becomes manager, Personnel and Operating. 

The performance of a Coulter 
counter being observed by means of a 
Telequipment S32A Serviscope 
oscilloscope during an experimental 
test to check its efficiency. The 
Coulter counter can count particle, 
at a speed in excess of 6,000 a 
second and produce particle size 
distributions in a range from 0-3 to 
400 microns diameter. This 
technique considerably reduces the 
statistical error experienced in a 
conventional microscope count 
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S. Smith & Sons (England) Ltd. announce the appointment of 
three new directors to the board. They are: J. A. Blair, 
company secretary; R. G. Cave, managing director of 
Smiths Motor Accessory Division; and A. M. A. Majendie, 
who becomes managing director of Smiths Aviation Division. 

R. M. Lustig, for three years publicity officer with Racal 
Electronics at Bracknell has joined United Kingdom Advertis-
ing at Reading. Racal's new publicity officer is A. E. 
Cutting who has moved from the Company's commercial 
division. 

Richard Klinger Ltd. announce the appointment of H. Riley 
as home sales manager. 

Gerrard Engineering Ltd. announce that the newly enlarged 
laboratory of their Swindon research and development depart-
ment is now almost complete and that its staff of engineers 
and scientists has been increased to 70. 

M. J. David, has been appointed general sales manager of 
Lancashire Dynamo Electronic Products and Lancashire 
Dynamo Nevelin. G. R. Minto, senior field sales engineer in 
the Scottish region for L.D.E.P., has been appointed central 
and S.E. London area manager. A. J. Lodge takes over in 
Scotland. 

Baird Atomic Inc. of Cambridge, Mass., has been granted a 
licence by Elliott-Automation Ltd. to manufacture and sell 
throughout North America the Elliott X-ray fluorescence 
spectrometer. 

J. A. Avery, chief inspector at Ayo Ltd. has been appointed 
chief engineer. 

The formation has been announced of Parker PR Associates 
Ltd., a public relations company specializing in the industrial, 
scientific and technological fields. The directors of the new 
company, which incorporates the Press Relations Division o. 
Roles and Parker Ltd., are H. T. Parker (chairman), Norman 
Manners, W. W. Chick, Alexander Thomson and H. Burson. 
Offices of the company are at 22 Red Lion Street, London, 
W.C.1. Telephone: Holborn 3353. 

Kerry's (Great Britain) Ltd. have acquired the whole of the 
issued share capital of P. G. Day (Electronics) Ltd. of Wilbury 
Way, Hitchin, Herts. This new subsidiary has for some time 
been manufacturing the electronic equipment incorporated 
in the products of Kerry's (Ultrasonics) Ltd. 

Waldo Thorn, general manager of International Rectifier Col 
(Great Britain) Ltd. of Oxted, Surrey, has been appointed a 
director. 

R. M. Herbert, D.F.H., A.M.I.E.E., has been appointed 
sales manager for Hirst Electronic Ltd. 

B.I.C.C. and I.C.I. announce that they have now completed 
the formalities involved in setting up British Kynoch Metals 
Ltd. The registered office of the company is at 6 Laurence 
Pountney Hill, London, E.C.4., with the operating head-
quarters at Prescot, Lancs. 

The following new appointments in the A.E.I. publicity 
department are announced :—manager, Publicity Services— 
O. W. J. Farmer; manager, Company Information—Peter 
Gillibrand. Group publicity managers are appointed in 
Leicester, Manchester, Rugby and London. They are 
responsible to the general manager of the publicity depart-
ment. 
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The David Brown CPT 30 co-ordinate table with Emicon B100 
electronic positioning control has now been successfully applied to 
the Asquith 3 PS radial drilling machine. A zero-shift facility 
allows the setting of a workpiece anywhere on the table irrespective 
of the programming of the component, and also enables two or 
more similar components sited at different positions on the table 
to be machined in turn from a single tape. The 5- or 8-channel 
control tape is produced on a simple keyboard tape-perforator, or 
alternatively a teleprinter may be used which at the same time as 
producing the tape prints a check sheet which can be compared 
with the original table of X' and ' Y' co-ordinates 

The Communications Division of Redifon Ltd. has appointed 
an agent for the sale of Redifon communications equipment 
throughout Germany. He is H. Rikard-Petersen of Copen-
hagen, Denmark, who also handles the sales of Redifon 
communications equipment in Iceland, Greenland and 
Denmark. 

Submarine Cables Ltd., owned jointly by A.E.I. and B.I.C.C., 
announce that the registered office of the company is now at 
Christchurch Way, Greenwich, London, S.E.10., telephone: 
Greenwich 3291. 

Institution of Electrical Engineers 

The Journal of the Institution of Electrical Engineers will 
have a new title next year—Electronics and Power. The 
Council of the Institution want to emphasize the range of the 
Institution's activities, and feel they have chosen a name that 
reflects the breadth of electrical technology. The first copy 
of Electronics and Power will appear in January 1964. It will 
be published monthly and ils cost to non-members will be 
10s. Od. a copy, or £5 a year. Also to be renamed are the 
three quarterlies; they will become Electronics Record, 
Power Record and Science and General Record. 

Exhibition 

The annual exhibition of The Institute of Physics and the 
Physical Society will be held at the Horticultural Halls, 
London, from 6th to 9th January 1964. 
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Continuous viscometers manufactured by Elliott-Automat ton 
monitor lubricating oil product streams on a day treatment plant at 
Esso's Fawley refinery 
For further information circle 49 on Service Card 

Cables Help to Find the Fish 

The finding of fish remains largely a question of experience, 
but now echo sounders are coming to the aid of the fishing 
trawlers. Having been located by means of this equipment 
the fish can be recorded actually entering the net, the depth of 
the shoal and its density are readily ascertained and many 
hours of trial and error are saved. 
With a mid-water (floating) trawl success depends on 

information of the trawl behaviour being available on board 
the vessel while the operation is in progress. One such 
system with which good results have been achieved by the 
M.O.F. Fisheries Laboratory, was recently operated from the 
research vessel Clione'. A transducer or fish spotter' was 
attached to the trawl headline, the other equipment consisting 
of a commercial echo sounder (the Kelvin Hughes M.S.29 
paper recorder), a cable winch, and special cable. 
To link the echo sounder on board with the transducer a 

coaxial type cable with the necessary tensile and electrical 
properties was essential. The cable was manufactured and 
supplied by B.I.C.C. and consists of a 40/0-0076 sq in. tinned 
copper wire inner conductor, polythene insulated; tinned 
copper wire outer conductor; p.v.c. taped with a stainless 
steel wire braid strain member and p.v.c. sheathed overall. 

This cable has proved completely satisfactory in use, 
successfully withstanding repeated winching under severe 
tension. It has been employed in home fishing grounds, as 
well as in the most arduous conditions in deep Arctic waters, 
where the p.v.c. sheath resisted the intense cold without being 
affected in any way. 
For further information circle 50 on Service Card 

Northern Polytechnic 

Part 2 of a course of 26 lectures on The Principles of 
Modern Network Theory is being given by F. E. Rogers, 
A.M.I.E.E., A.M.Brit.I.R.E. at the Northern Polytechnic, 
Holloway, London, N.7, starting on 10th January 1964. 
Part 2 is an Introduction to Synthesis and the fee for it is 
30s. plus 1 s. registration fee. It is intended for graduates 
or those possessing similar qualifications. 
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Electronics R & D Study 

The D.S.I.R. and a panel of trade associations representing 
the electronics industry have agreed to undertake an economic 
and technical study of the research and development problems 
of sections of the electronics industry. This has been 
prompted by the growing importance of electronics and 
electronic apparatus for technological progress in other 
industries, especially in the field of automation. A more 
detailed understanding of the directions in which the 
electronics industry is developing will help both industry and 
Government to use available resources to the best advantage. 
Because of their particular interests in electronics the Ministry 
of Aviation, Board of Trade, Admiralty and Post Office are 
also taking part. 
The following seven trade associations are co-operating in 

making arrangements for the study: British Electrical and 
Allied Manufacturers' Association, Business Equipment 
Trades Association, Electronic Engineering Association, 
Electronic Valve and Semi-Conductor Manufacturers' 
Association, Radio & Electronic Component Manufacturers' 
Federation, Scientific Instrument Manufacturers' Association 
of Great Britain, Telecommunication Engineering & Manu-
facturing Association. 
The study is to cover those firms which produce electronic 

equipment for the civil market, but not consumer products 
such as domestic radio, television, sound reproduction 
equipment, etc. Since a significant proportion of the total 
effort of the industry is employed on defence contracts, an 
examination will be made of the extent to which such work is, 
or could be, applied to products for the civil market. Similar 
considerations apply to work on line telecommunications and 
broad-band radio-relay equipment which is also to a large 
extent separate from the ordinary civil market. Research 
and development in electronic components, including 
semiconductors, will be considered in so far as they affect the 
development and production of electronic capital goods for 
the civil market. 

Related fields of research in universities, Government 
establishments and user industries will also be surveyed. 
The field work will be carried out by a team composed of 
economists, scientists and engineers and it is hoped that the 
study will be completed in eighteen months to two years. 

New Members of Research Council 

The Minister for Science, Lord Hailsham, has appointed 
two new members to the Council for Scientific and Industrial 
Research. They are Sir Leon Bagrit, Chairman of Elliott-
Automation Ltd., and Sir Lindor Brown, F.R.S., Waynflete 
Professor of Physiology, Oxford University. They replace 
Professor C. F. Carter, who has resigned on his appointment 
as first vice-chancellor of the University of Lancaster and 
Vice-Admiral Sir Frank Mason, K.C.B., who has completed 
his term of office. 

Conference on Solid-State Physics 

The Institute of Physics and The Physical Society is 
arranging a conference on solid-state physics at the H. H. 
Wills Physics Laboratory, University of Bristol, from lst-4th 
January 1964. This meeting will be an opportunity for the 
presentation and discussion of new work in the field of 
solid-state physics generally; meetings of this type may be 
held annually in future. It is not intended to restrict the 
programme to any particular theme, but invited lectures have 
been arranged this time on the following subjects: Fermi 
surfaces; Mössbauer effect in magnetic materials; defects in 
solids—some current problems. The meeting will also 
include sessions on semiconductors, spin resonance and 
other topics. 
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Equivalent Circuits 

Sir,—Under the heading ' Equivalent Circuits' in your Septem-
ber issue you point out that while either series or parallel 
forms of the 'equivalent generator' can be used for calculating 
the power received by a load from an actual generator of any 
configuration, these 'equivalents' are not equivalent internally. 
In particular, the power dissipated in the internal resistance, 
and therefore the total power supplied by the fictitious resist-
anceless generator, are in general different in the two forms. 
Only when the load is matched are they equal. 
The series form of equivalent is a direct application, general-

ized for a.c., of the theorem called Thévenin's (though 
Helmholtz anticipated it by 30 years), which is a device for 
simplifying calculation of the current (and, by implication, the 
power) in a resistance connected to two points in a generating 
circuit. There is nothing in the theorem to suggest internal 
equivalence. The comparatively modern use of the word 
'equivalent' justifies your warning. 
There is one respect however in which your warning might 

itself possibly mislead, when you say 'Attempts to evaluate the 
internal dissipation may be invalid, for instance. Only under 
the condition of a matched load do the two values of internal 
dissipation become identical.... When it is desired to 
evaluate the internal dissipation of a generator some care must 
be taken in the choice of an equivalent circuit for it' (My 
italics). This might be taken to imply that (a) when a matched 
load is used, giving the same values of dissipation in the two 
'equivalents', that value is valid, and (b) one or other of the 
two usual equivalents, provided it was carefully chosen, 
would give the right answer. So it ought perhaps to be 
emphasized that ( i) even when the load matches the generator, 

NEW BOOKS 
! 

Electronic Circuits and Instrumentation Systems 

By JACK J. STUDER. Pp. 423 + xiii. John Wiley & Sons 
Ltd., Glen House, Stag Place, London, S.W.I. Price 80s. 
There are three sections in this book covering circuits, 

electronics, and electronic instrumentation systems. The 
first contains five chapters dealing with sinusoidal signals and 
the basic elements of circuits, the responses of one- and 
two-port circuits and the step-response of circuits. A great 
deal of this is very elementary. 
The second section on electronics is the largest. It starts 

by dealing with electron flow in a vacuum and goes on to 
deal with triode characteristics using the usual graphical 
methods. This is all quite well done, but tetrodes and 
pentodes are treated very cursorily. This is followed by a 
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the internal dissipation in the equivalent' is in general not the 
same as in the actual generator circuit, and ( ii) to devise an 
equivalent circuit for the purpose of calculating the internal 
dissipation would usually be more laborious and less reliable 
than referring to the actual circuit. 
By far the commonest subjects for 'equivalent generators' 

are valves and transistors. In these the internal dissipation 
is made up of d.c. and a.c. parts, whereas the 'equivalent' 
recognizes only the a.c. part, and its internal dissipation 
manifestly bears no relationship to that in the actual valve. 
The limited nature of the 'equivalent' in relation to valves 

was pointed out in Wireless Engineer, April 1947, by Dr. 
Salzberg, who claimed that the series form was more funda-
mental than the parallel. This question was examined in the 
same issue by Prof. Howe, who came to the conclusion that 
for practical purposes it was. Since the parallel form is the 
dual of the series form, theoretically neither can be more 
fundamental than the other, and if an unprejudiced basis for 
comparison is used (i.e., the ratio of actual load to matching 
load, in resistances or conductances as appropriate) that can 
indeed be shown to be so. 
With reference to your preceding section, on the use of 

duality in teaching, may it be taken that you would have no 
objection to the procedure of introducing students to, say, 
the series 'equivalent': then, when that was understood, using 
the principle of duality to derive from it the parallel form? 
If you did object, your choice of the word 'cavil' would seem 
to be apt. 1 have not myself come across books that intro-
duce both forms simultaneously (by parallel columns?) nor 
any that present one and leave the other to be inferred by 
duality, with the intention of simplifying it for the reader. 
I agree that the latter would be deplorable, and the former 
(while emphasizing the essential symmetry) would probably 
be inferior in practice to the procedure previously mentioned, 
but it would be better, in my opinion, than expounding both 
forms and omitting to point out their dual relationship. 

M. G. SCROGGIE. 
Bromley, Kent. 

[Further comment on this subject will be found on p. 753. Ed.] 

long chapter on current flow in semiconductors. After that 
come chapters on amplifiers and feedback, electron flow in 
gases, rectifiers and electron-beam display tubes. Sandwiched 
between these and the final chapters on modulation and 
demodulation is, rather oddly, a chapter dealing with valve 
voltmeters. 
The third section, to which the earlier part is supposed to 

lead up, is by far the shortest. Strain-gauge systems are 
dealt with and systems with d.c. inputs, which include 
chopper modulation. Whole chapters are then given to 
systems for nuclear magnetic resonance spectroscopes and 
infra-red spectroscopy. 

Elements of Transistor Technology 

By ROBERT G. MIDDLETON. Pp. 288. Howard W. Sams & 
Co. Inc., Indianapolis 6, Indiana, U.S.A. $6.95. 

Nearly one-half of this book is devoted to explaining how 
semiconductor diodes and transistors work. The remainder 
deals with their use. The various common circuit arrange-
ments are described and their operation is explained with the 
aid of transistor characteristics and load lines. There is a 
chapter on bias stabilization and others cover amplifier 
fundamentals, equivalent circuits and a.f. amplifiers with 
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negative feedback. The last chapter deals with the funda-
mentals of logic and computers. 
There is very little mathematics indeed in the book and the 

treatment is almost wholly explanatory. It forms a useful 
introduction to the transistor. 

Digital Techniques 
By D. W. DAVIES. Pp. 158 + xi. Blackie & Son Ltd.. 5 
Fitzhardinge Street, Portman Square, London, W.I. 
Price 30s. 
The fact that the author belongs to the Autonomies 

Division of the National Physical Laboratory might lead 
one to expect that this hook would be a very highbrow one. 
Such an expectation would be quite wrong. For its subject 
the presentation is unusually simple and hardly any mathe-
matics are used. 
According to the author 'This book should be particu-

larly suitable for someone who uses digital electronics as a 
tool rather than as an end in itself; the experimenter who 
wishes to prepare data for a computer rather than the 
computer designer'. 
The early chapters cover the coding and collection of 

digital data and the logical design of digital systems in a 
fairly elementary way. Chapter 4 deals with digital circuits 
of both valve and transistor types. Although their modes 
of operation and design requirements are explained, •the 
treatment is rather brief and is sometimes marred by jargon 
which will not be understood by everyone. This chapter, 
in fact, is likely to be completely intelligible only to an 
electronic engineer who is familiar with pulse circuitry. In 
general, this is not the sort of person for whom the author 
intends the book. 
The next chapter deals with digital circuits using reactive 

components. Then there is one on pulse counting circuits 
and devices, followed by chapters on long-term storage and 
the use of digital data. The book ends with a chapter on 
the design of a digital system. 

Recent Developments in Network Theory 

Edited by S. R. DEARDS. Pp. 250 xii. Pergamon Press 
Ltd., Headington Hill Hall, Oxford. Price 84s. 
This is the proceedings of a Symposium which was held at 

the College of Aeronautics. Cranfield, in September 1961. 
The sessions covered linear passive network theory, linear 
active network theory and non-linear network theory and 
each was divided into two sections on analysis and synthesis. 
All told there are 14 papers in the book, and they are mainly 
for the specialist in network theory. 

Electronic Tests and Measurements 

By ROBERT G. MIDDLETON. Pp. 288. Howard W. Sams & 
Co., Inc.. Indianapolis 6, Indiana, U.S.A. Price $6.95. 

This book is intended for the technician and it should 
certainly be useful to anyone who is a newcomer to testing 
and measurement but has already a sound elementary 
knowledge of electronic theory. It is not for the complete 
beginner, nor is it for the qualified engineer. 
Some will consider it a fault that no stress is laid upon 

accuracy of measurement nor on the possibility of faults 
arising in the measuring equipment. It is a commonplace 
that the newcomer to measurement is much too apt to 
accept the indications of his instruments as true and to 
forget that it is just as possible for faults to develop in 
them as in any other apparatus. 
The utility of the book to the technician, which is con-

siderable, would have been much greater had a more 
suspicious attitude to measurement been impressed upon 
him. 

Manufacturers' Literature 

Nuclear Enterprises 1963/64 Catalogue. This 94-page publication 
is an excellent example for producers of catalogues to follow. 
It lists the company's range of products, illustrates them, includes 
relevant specifications and gives prices. This particular catalogue 
covers scintillators, nucleonic instruments and low-level counting 
installations produced by 
Nuclear Enterprises (G.B.) Ltd., Sight hill, Edinburgh. 

For further information circle 51 on Service Card 

Ultra-Pure and Semiconductor Materials. A 41-page catalogue 
which contains the properties and specifications of more than 15 
different products used by research laboratories and the elec-
tronics industry. •The four main section headings are: 
Germanium, Silicon, Intermetallic Compounds and Ultra-Pure 
Elements. Manufactured by Hoboken and marketed by 
Société Générale des Minerais, S. A., 31 Rue du Marais, Brussels I, 
Belgium. 

For further information circle 52 on Service Card 

Decca Wineguide Switches. Described in this 14-page brochure 
is a complete range of manual and automatic (electro-mech-
anical) switches which have been designed for use in microwave 
systems, laboratory measurements and test circuits. These 
switches provide greater than 100 dB isolation over the whole 
waveguide band. 
Decca Radar Ltd., Decca flouse, Albert Embankment, London, 
S.E.I. 

For further information circle 53 on Service Card 

Complete Newspaper Page Transmission. The fastest news-
paper page facsimile equipment available in the world today 
is described in this 10-page brochure. With this a newspaper 
page can be transmitted over any distance in 41 minutes. 
Muirhead & Co. Ltd., Beckenham, Kent. 

For further information circle 54 on Service Card 

Keyswitch Relay Calculator. A single-sheet publication which 
provides a compact and complete reference to the 3,000 and 
600 type relays produced by 
Keyswitch Relays Ltd., 120-132 Cricklewood Lane, London, 

For further information circle 55 on Service Card 

'Data-Trak' Curve Following System. This 4-page leaflet briefly 
describes a curve follower which positions its own output 
potentiometer in accordance with a time-based programme 
plotted on metallized graph paper. Distributed in the U.K. by 
Systems Engineering Services Ltd.. 34 Bloontsbury Street, 
London. W .C.1. 

For further information circle 56 on Service Card 

Trinistor A.C. Power Regulators. This 8-page Engineering 
Publication No. 22-4/2 describes single and three-phase 50-cis 
regulators. Full technical details and explanatory diagrams are 
included. 
Westinghouse Brake and Signal Co. Ltd., 82 York Way, 
London, N.1. 

For further information circle 57 on Service Card 

* FOR THE BUYER 

You must have read about a number of products and pro-

cesses in this issue of which you would like further details. 

You can obtain this information very easily by filling in and 

posting one or more of the enquiry cards to be found inset 

in the front and back of the journal. 
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E.E.A. Guide to the Servicing and Testing of Electronic 
Equipment containing Semiconductor Devices .. June 497 

Einführung in die Theorie geregelter Gleichstroman-
triebe, H. Biihler May 449 

Electromagnetic Theory, E. Hallen .. .. Mar. 345 
Electron Devices and Circuits. J. M. Carroll .. .. Mar. 345 

-- Transport in Metals, J. L. Olsen .. Dec. 183 
Electronic Circuit Techniques, Edited by E. E. 

Zepler and S. W. Punnett Oct. 699 
-- Circuits and Instrumentation Systems, J. J. Studer Dec. 797 
-- Data- Processing Equipment and Methods. Alban 

and Lamb • • • .. Jan. 240 
- Devices and Networks, Edited by E. E. Zepler and 

S. W. Punnett Nov. 751 
Engineering, C. L. Alley and K. W. Atwood .. Dec. 182 

- Tests and Measurements. R. G. Middleton .. Dec. 798 
Electronics of Laboratory and Process Instruments, 
The. V. S. Griffiths and W. H. Lee Nos. 121 
-- Pocket Book, Edited by J. I'. Hawker and J. A. 

Reddihough Oct. 700 
Electrons in Metals, J. M. Ziman • . .. July 548 
Elements de Commutation Generale, A. Blanchard .. May 450 
Elements of Infra-red Technology. P. W. Kruse, L. D. 

McGlauchlin and R. B. McQuistan .. Mar. 345 
-- Transistor T,echnology. R. G. Middleton .. Dec. 797 

Étude des Circuits Electriques. Vol. I. Methodes 
Générales d'Analyse, J. Lagasse .. July 548 

European Computer Users' Handbook, The .. .. June 498 
Famous Problems and Other Monographs .. .. July 547 
Fernsehtechnik, Part 2. Technik des Elektronischen 

Fernsehens, Edited by F. Schroter .. Sept. 658 

I II I.A(il. 

Oct. 699 

Dec. 183 
Oct. 699 
Aug. 604 

July 547 
May 449 
Mar. 346 

June 497 

Nov. 122 
Aug. 604 

Aue. 604 
July. 548 

huh/stria/ Fiertronics December /963 it 799 



MONTH PAGE 

General Characteristics of Linear Strain Gage Accelero-
meters Used in Telemetry, P. S. Lederer .. 

— -- Survey of the Semiconductor Field, A, G. W. 
Reimherr 

Guide to Instrument Design, A .. 
Halbleiterbauelemente: Vol. I, Halbleiter und 

Halbleiterdioden, W. Guggenbühl, M. J. O. Strutt 
and W. Wunderlin 

Flail- Effect Instrumentation, B. Kemp 
High Fidelity Home Music Systems, W. R. Wellman.. 

- Magnetic Fields .. 
How to Build Electronic Equipment, J. R. Johnson .. 
Industrial Electronic Circuits Handbook, E. Bukstein.. 
Inertial Navigation, R. H. Parvin and others .. 
Information Theory and its Engineering Applications 

(3rd Ed.), D. A. Bell .. 
Instruments for Measurement and Control, 2nd Ed., 
W. G. Holzbock 

Introduction to Electric Circuit Analysis, An, R. E. 
Armington and C. Volz 

Electron Beam Technology, Edited by R. 
Bakish 

Electronic Analogue Computers, An. M. G. 
Hartley .. 

-- Electronics, W. H. Evans .. 
Radar Systems, M. I. Skolnik 

— — -- TV Servicing, H. L. Swaluw and J. Van Der 
Woerd 

It's Easy to Use Electronic Test Equipment, L. Klein 
and K. Gilmore.. .. .. Jan. 240 

Junction Transistor Circuit Analysis, S. S. Hakim .. Nov. 121 
Laboratory Manual for Principles of Electricity and 

Electronics, A, E. C. Halliday and B. P. Morris .. Nov. 752 
Lasers, B. A. Lengyel .. June 497 
Les Hyperfréquences, R. Riga! .. Aug. 604 
Letter Symbols, Signs and Abbreviations: Part 6 

Electrical Science and Engineering B.S. 1991 .. Sept. 657 
Leybold Vakuum-Taschenbuch, K. Diels and R. 
Jaeckel .. May 449 

Masers and Lasers, G. Troup .. .. Sept. 657 
Metallurgical Principles for Engineers, J. G. Tweeddale Dec. 183 
Microminiaturization, Edited by G. W. A. Dummer .. Dec. 183 
Microwave Engineering, A. F. Harvey . .. Aug. 603 

Systems Fundamentals, F. J. Mivec .. Nov. 752 
Missile Guidance, J. Clemow .. July 548 
Models of Transistors and Diodes, J. G. Linvill .. Aug. 603 
New Approach to the Design of Switching Circuits. A. 

H. A. Curtis .. Dec. 183 
Nonlinear and Parametric Phenomena in Radio 

Engineering, A. A. Kharkevich .. May 449 
Non- Linear Automatic Control, J. E. Gibson .. Sept. 657 
Pegasus Programming Manual, The, G. E. Felton .. Dec. 184 
Permanent Magnets and Magnetism, Edited by D. 
Hatfield .. June 497 

Physical Electronics, C. L. Hemenway, R. W. Henry 
and M. Caulton .. Jan. 239 
- Principles and Applications of Junction Transis-

tors, J. H. Simpson and R. S. Richards.. .. July 547 
Physics and Chemistry of Electronic Technology, H. L. 
Van Velzer .. May 450 

in the Soviet Union. A. S. Kompaneyets.. July 547 
Principles of Applied Electronics, B. Zeines .. Oct. 699 
Printed Wiring and Printed Circuit Techniques .. July 548 
Problems in Electronics with Solutions (3rd Edit.), F. A. 

Oct. 699 
Proceedings of the First International Congress on 
Diamonds in Industry .. Sept. 658 

Radio Amateur's Handbook, The, 40th Ed. .. .. June 498 
- and Television Test Instruments, G. J. King .. Nov. 121 
- Data Reference Book, Compiled by G. R. Jessop July 548 
- - Interference Suppression on Marine Installa-

tions. B.S. 1597 : 1963 .. .. Aug. 603 
- -Television-Electronics Dictionary, The National 

Radio Institute Teaching Staff.. .. May 449 
— - Wave Propagation and the Ionosphere, Ya. L. 

Apr. 397 
Recent Developments in Network Theory, Edited by 

S. R. Dcards Dec. 798 
Repairing Home Audio Systems, E. E. Ecklund .. Jan. 240 
Sell's Automation, Electronics, Nuclear Engineering 

Buyer's Guide .. .. Aug. 603 
Semiconductor Device Physics. A. Nussbaum .. .. Jan. 239 
Six- Language Dictionary of Automation. Electronics 
and Scientific Instruments, Compiled by A. F. Dorian Dec. 183 

Solid- Fuel Rocket Propulsion, J. E. Daboo .. Oct. 700 
Supplement to the Elsevier Dictionaries of Electronics, 

Nucleonics and Telecommunication, Compiled by 
W. E. Clason .. Aug. 603 

Survey of Switching Circuit Theory, A, Edited by 
E. J. McCluskey, Jr. and T. C. Bartee.. .. July 548 

Switching Circuits for Engineers, M. P. Marcus .. Mar. 345 
Synthesis of Optimum Nonlinear Control Systems, 

H. L. Van Trees 
Relay Switching Circuits, V. N. Roginskii.. 

Taschenbuch der Hochfrequenztechnik, H. Meinke 
and F. W. Gundlach 
- Nachrichtenverabeitung, K. Steinbuch 

Technical Television, A. V. J. Martin .. 

MONTH PAGE 

Techniques of Public Relations, M. Williams-Thompson 
Dec. 184 Télécommande et Télémesure Radio, J. Marcus .. 

Telemetry, R. E. Young 
Dec. 184 Television Simplified, M. S. Kiver .. .. 
Feb. 295 -- Tape Fundamentals, H. E. Ennes.. .. .. 

The Engineer Buyers Guide 1963.. .. .. .. 
Triigerfrequenz-Nachrichtenubertragung über Hoch-

May 449 spannungsleitungen, H. Podszeck .. .. .. 
Nov. 752 Transistor Radios--Circuitry and Servicing .. .. 
May 449 Transistoren Taschenbuch, W. Taeger.. .. .. 
Feb. 296 Ultrasonic Technology, R. G. Goldman .. .. 
Nov. 122 Understanding Amateur Radio, G. Grammer.. .. 
Oct. 700 Use of Electronic Valves, The .. .. .. .. 
Apr. 397 Useful Electronic Shop Hints .. .. .. .. 

Varactor Applications, P. Penfield and R. Rafuse .. 
Nov. 121 Variable Resistors and Potentiometers, G. W. A. 

Dummer 
Dec. 183 Vier Jahre Radioastronomie an der Universitat Bonn 

& Grosse Richtantennen .. July 548 
Nov. 122 World Lists of Electronic Component Specifications 

1963, Compiled by G. W. A. Dummer and J. M. 
Apr. 397 Robertson Sept. 658 

Bridge Networks, Classification of Four-Terminal, K. 
Apr. 398 Posel .. Aug. 589 
July 548 The Owen, K. Posel .. Dec. 783 
May 449 British Gas Laser .. .. Sept. 615 

Broadband Characteristics of Some Basic Transmission 
Oct. 699 Line Elements, The, H. V. Shurmer .. Oct. 681 

May 450 
Oct. 56 
Sept. 657 
May 449 
Sept. 657 
Sept. 658 

May 450 
Nov. 121 
July 548 
Aug. 603 
Oct. 700 
Feb. 296 
July 548 
Feb. 295 

May 449 

CALIBRATING Scale Gratings Electronically.. .. Oct. 7 
'-'Camera Tube with a Fibre Optic Window, Vidicon, 

A. C. Dawe .. Aug. 576 
-- Tubes, Special Types of Vidicon, A. C. Dawe .. Nov. 739 
Capacitance Controls in Fluid Handling, Alan Smith .. Aug. 598 
Car Park Control Barriers, Automatic .. .. Apr. 389 
Classification of Four-Terminal Bridge Networks, K. 
Posel .. Aug. 589 

Cleaning by Ultrasonics, W. G. A. McCormick .. Aug. 551 
-- Systems, Ultrasonic, Alan E. Crawford .. .. Oct. 651 
Closed-Circuit Television and the Stroboscope, N. L. 
Glew Nov. 711 

Coil Design Data, Q- Maps—New Presentation of .. Nov. 706 
Collection of Analogue Plant Data for On-Line Com-

puter Processing, J. F. Roth . Mar. 326 
- -- Plant Data for On-Line Computer Pro-

cessing, J. F. Roth .. Jan. 228 
Colour Television .. Sept. 637 

Camera Development .. .. Sept. 651 
CO- MMENT: Oct. I, Nov. 57, Dec. 123, Jan. 185, Feb. 

241, Mar. 297, Apr. 347. May 399, June 451, July 499, 
Aug. 549, Sept. 605. Oct. 649. Nov. 701, .. .. Dec. 753 

Compact Ultrasonic Transducer/Transmitter Unit .. Sept. 613 
Computer Aids Roundness Measurement.. Apr. 379 
--, New Real-Time Dec. 792 
-- Project, £ 11 Million :: Nov. 712 
-- Store, High-Speed Dec. 131 
-- Stores, Tunnel- Diode, P. M. Thompson .. .. Mar. 303 
-- Systems, Output Devices for Industrial, J. F. Roth. 

July 511, (Correspondence) Nov. 751 
Continuously Controlled Machine Tool, J. N. Muir .. Nov. 733 
Control of Intersetter of a Pre-printed Web in a News-
paper Press, J. C. Mawer.. .. Sept. 614 

- -- Register in a Flying Splice Machine, Electronic, 
J. C. Mawer .. June 453 

Conversion Loss in Rectifier Modulators, D. P. Howson, 
Nov. 101 

Conveyor Belt Counting and Sizing. R. D. Carter-Pedler May 412 
CORRESPONDENCE: 

Electronics Servicing, J. C. G. Gilbert .. .. Oct. 55 
Equivalent Circuits. M. G. Scroggie .. Dec. 797 
Esaki Diode Decision Circuit, Jan Janku, Zdenek 

Nov. 120 
Extending the Use of the Smith Chart, B. R. Davis .. Dec. 180 
Output Devices for Industrial Computer Systems, Alan 

Hartley-Smith, J. F. Roth Nov. 751 
Small-Scale Refrigeration, W. J. Crier, T. D. Cockhill Oct. 55 
Stabilized High-Voltage Supplies, B. Halliwell.. .. Oct. 699 
Teaching Machines, Robert Winton .. Feb. 295 
Thin- Film Transistor, D. A. Bell .. Jan. 239 
2MT Writtle, B. N. MacLarty .. Dec. 181 

Counters, Industrial Applications of Electronic, M. W. G. 
Hall July 501 

Crystallography and Cathodoluminescence, H. P. 
Rooksby and E. A. D. White .. .. June 465 

Current Distribution in a Hall Plate, D. Midgley.. .. Apr. 383 
Cyclotron Wave Phase Shifter .. Nov. 95 

nAMSEL Dispenses with Clerical Work, This .. 
Le Data Processor, Small-Scale 

Jan. 240 Deflected Ink Beam' Recorder .. 
Sept. 657 Delay Circuits Using Constant-Current Diode, Linear, 

S. S. Hakim 
Mar. 346 Depth Sounder, The Metron, K. T. W. Jones .. 
Jan. 240 Designed for Accessibility .. 
Apr. 397 Dictation System, Personal Centralized, D. G. Alderson 

Oct. 25 
Nov. 113 
Nov. 715 

Dec. 780 
Jan. 191 
Sept. 610 
Jan. 196 
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Diodes, Duality and Tunnel, P. J. Langlois, Feb. 285, 
Mar. 332, Apr. 390, 

--, Thin-film Technique for Improving Microwave, 
H. V. Shurmer .. • • 

Distortion Correction in Complementary Transistor 
Amplifiers, G. W. Holbrook and M. W. Alary.. 

-- Test-Set, A Tunable Highly-Selective, E. R. Wigan 
Double-Y. Shunt Stub, The, C. S. Gledhill .. . 
'Driverless' Train Experiment 
Duality and Tunnel Diodes, P. J. Langlois, Feb. 28.5, 

Mar. 332, Apr. 390, .. 
Dynamic Balancing, W. G. A. McCormick .. 
- -- Machines, D. E. Tyzack 
-- Diode-Capacitor Store, A, J. B. Warman and 

H. J. Stirling. 

DDY-CU R R ENT Coupling . 
Tester, Automatic, W. E. Schall 

-- Testing, W. E. Schall 
Efficient Laser Modulation 
Effluent Control .. . 
Electrolytic Marking 
Electron Emission from Semiconductors .. 
Electronic Aids in the New Thames Tunnel 
-- Car Performance Tester 

Colour Registration in Printing, J. C. Mawer 
-- Control for Rolling Mill .. 

-- in Heating and Air-Conditioning, F. B. Rider 
of Register in a Flying Splice Machine, J. C. 

-- Conveyor Belt Weighing System 
-- Profiling Machine, .1. Pye 
-- Temperature Control 
- Thermometer .. .. • • 
Electronically Controlled Jig-Borer 
Electronics in the Production of the 'Imp'.. 
- -- Thermal Analysis 
-- Servicing (Correspondence) . . 
Eliminating Noise in Industry .. 
Environmental Motion Simulator 
Epitaxial Silicon Devices, A. A. Shepherd.. .. 
EQUIPMENT REVIEW: Oct. 36, Nov. 82, Dec. 136, 

Jan. 202, Feb. 256, Mar. 314, Apr. 364, May 432, June 
484, July 524, Aug. 564, Sept. 622, Oct. 670, Nov. 722, 

Equivalent Circuits (Comment) Sept. 606, (Correspondence) 
Dec. 797, (Continent) . • . . . • • • 

Erosion of Soldering-Iron Bits, P. Sharples 
Esaki Diode Decision Circuit (Correspondence) .. 
Etched-Foil Strain Gauges 
Excess Demand Warning System for Steelmaking Plant.. 
EXHIBITIONS: 
Hanover Fair .. 
INEL 63, Aug. 584, (Correction).. 
International Telemetering 
NordSam '63 .. .. • • • • • • 
Radio and Electronic Component Show 1963, May 416, 
R.E.C.M.F., Basle 
The Institute of Physics and The Physical Society .. 

Experimental Shorthand Transcription Machine.. .. 
Extending the Use of the Smith Chart (Correspondence).. 

• • 
. • 
• • 
• . 
. • 
• • 

rABRICATING Plastic-Coated Steel, C. Burton .. 
e Feedback Amplifier Stabilization, S. S. Hakim.. .. 
Fibre Optic Window, Vidicon Camera Tube with a, A. C. 
Dawe .. .. .. .. .. .. .. 

-- Optics for High-Speed Photography .. .. 
Film Scanning and Measuring Machine .. .. .. 
Flight Simulators .. .. .. . . 
Fluid Handling, Capacitance Controls in, Alan Smith .. 
Frequency- Modulated Oscillators, R. C. Foss .. .. 
Friction and Wear Studies, Denis Taylor 

(ZEE, Self-Healing Dielectric .. 
‘-'Goonhilly Aerial Control System, The, D. Wray .. 
Graders, Automatic Blade Angle Control for Motor, A. T. 
MacDonald . 

Graphic Reproduction Service .. 
Grinder and Pulverizer Installations, Automatic Control 

of, D. J. Ewings 
Gyroscopes, New .. 

HALL Plate, Current Distribution in a, D. Midgley .. 
Heating and Air-Conditioning, Electronic Control 

in, F. B. Rider .. .. .. .. .. 
High-Current Stabilized Power Supply, C. D. S. Gaskill 
High Definition Radar .. .. .. .. 
-- Resolution Cathode-Ray Tubes .. .. 
-- -Speed Computer Store .. .. 

Memory Device, New .. 
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May 425 

Dec. 169 

Jan. 232 
Oct. 685 
Sept. 634 
June 492 

May 425 
Feb. 243 
Dec. 789 

Aug. 579 

Dec. 768 
Apr. 380 
Mar. 309 
Nov. 709 
Jan. 234 
May 445 
Nov. 74 
Aug. 559 
May 424 
Mar. 312 
Aug. 560 
Sept. 649 
Apr. 354 

June 453 
Feb. 288 
May 401 
Apr. 361 
Sept. 650 
Apr. 388 
June 471 
Dec. 769 
Oct. 55 
Oct. 669 
Nov. 100 
Jan. 198 

Dec. 770 

Dec. 753 
Oct. 30 
Nov. 120 
July 519 
Dec. 782 

Apr. 363 
Sept. 633 
Nov. 746 
Nov. 710 
June 474 
Nov. 81 
Feb. 289 
Aug. 562 
Dec. 180 

Sept. 611 
Feb. 273 

Aug. 576 
Jan. 201 
June 462 
Nov. 75 
Aug. 598 
Jan. 224 
Apr. 359 

July 514 
Feb. 278 

Dec. 755 
Sept. 652 

Oct. 691 
Mar. 302 

Apr. 383 

Apr. 354 
June 463 
Jan. 235 
Nov. 742 
Dec. 131 
Apr. 393 

High Stability Resistors .. 
-- Vacuum Melting Plant 
-- Voltage Silicon Controlled Rectifiers.. .. 
Highgate Wood Electronic Telephone Exchange.. 
Hovercraft, Electronics in 

• • 
• 
• • 
• • 
• 

ILLUSTRATED NEWS: Sept. 642, Oct. 694, .. Dec. 788,793 
'Image Retaining Panel .. .. Jan. 194 
'Imp', Electronics in the Production of the .. June 471 
Induction Coil Prevents Damage to Press Tools .. .. Sept. 653 
Industrial Application of Microwave Power .. .. May 411 
-- Applications of Electronic Counters, M. W. G. Hall July 501 
INDUSTRIAL NEWS: 
Advance Components Mobile Exhibition .. 
Aerial for Radio Astronomy .. 
-- Reconnaissance .. 
Analogue Computer .. 
Automatic Tank Contents Gauges for Revenue 
Accounting .. 

-- Testing 
-- Transistor Testing 
Automation in Road Planning .. 
AutoTutor Rental Scheme 
BEAMA Annual Report 
Beryl Crystals .. 
Cables Help to Find the Fish .. 
Cambridge University Computer • .. 
Camera, 27 oz TV 
Checking Capacitors 
Closed-Circuit Television, Jan. 237,238, 
'Computer Workshop' .. 
Conference of the Electronics Industry 
Coulter Counter .. 
Delay Line 
Demountable Aluminium Masts 
Digital Computer .. 
-- Data Link, Jan. 238, 
Drilling and Reaming Machine Tool .. 
Elcontrol photoelectric units of the Albro Stopper-
corking Machine 

Electrical Appliance Association 
Electronic Apparatus in Training 
-- Fuel Injection 
Electronics R & D Study, Dec. 796. (Comment) 
Electrothermal Flexible Heating Mantles Used on 

Mercury Pumps.. .. 
Emihus 
European Marketing Organization 
Gamma Spectrometer .. 
Giant Travelling Wave Tube .. 
Goonhilly Transmitter .. 
Harmonic Filter .. . 
High-voltage Rectifier Column .. 
Honours, New Year, Feb. 293; Birthday 
Humidity Cabinet 
I.E.E. President and Officers for 1963-64 
Improved Antimony .. 
Infra-red Dryer .. 
Instrument Landing System 
lnterkamer 
I.R.E.-A.I.E.E. Merger 
Linear Accelerator 
Liquid Laser .. 
Long-Term Credit Offer 
Low-Noise Solid-State Parametric Amplifier 
Machine Tool Control .. 
Marconi Radar Aerial .. 
Marine Radar .. 
Mariner Space Vehicle .. 
Mass Spectrograph 
Measurement of Grain Size 
Melting Refractory Materials 
Metal-to- Plastic Bonding 
Microwave Amplifier .. 
Mobile Demonstration Unit 
National Lending Library 
New Computer .. 
-- Laser .. 
-- Members of Research Council 
-- Radar Display .. 
Oil Distillation Plant .. 
PERSONAL AND COMPANY NEWS: Oct. 52, Nov. 116, Dec. 

177, Jan. 236, Feb. 292, Mar. 342, Apr. 394, May 446, 
June 494, July 544, Aug. 600, Sept. 654, Oct. 696, 
Nov. 748, 

Piezoelectric Fluorescent Crystals .. 
Plating Thin Wire 
Polycarbonate Capacitors 
Production Technology .. 
Pulse and Digital Circuits 
Radar Simulator, Nov. 116, .. 
Radio Stereophony 
-- -telescope Mk. 11 Model .. 
Rank-Westrex Agreement 
Reliability Testing Room 
Research and Development Laboratories 

• 
• • 

• • 

• • 
• • 
• 

• • 
• • 

• •• •  

• 
• • 
• • 
• 

• • 
• • 
• • 
• • 

Oct. 29 
June 493 
Nov. 719 
Jan. 222 
Oct. 21 

Mar. 342 
July 544 
July 546 
Nov. 749 

Oct. 698 
Apr. 396 
Aug. 601 
May 448 
Sept. 656 
May 448 
Dec. 178 
Dec. 796 
May 448 
Nov. 750 
Sept. 656 
June 494 
Oct. 698 
Sept. 656 
Dec. 794 
May 448 
June 496 
Sept. 654 
July 545 
Nov. 117 

Dec. 178 
June 496 
Dec. 179 
Feb. 294 
Dec. 753 

Dec. 177 
May 448 
Aug. 602 
Feb. 293 
June 495 
Oct. 52 
May 448 
Nov. 119 
July 545 
July 546 
Oct. 698 
Oct. 54 
Apr. 395 
Jan. 236 
Nov. 119 
Oct. 53 
May 448 
Mar. 344 
July 546 
June 496 
Dec. 795 
Mar. 343 
Nov. 119 
Oct. 698 
May 446 
Nov. 118 
Apr. 394 
Feb. 294 
Oct. 53 
June 495 
Dec. 179 
Oct. 54 
Dec. 179 
Dec. 796 
Oct. 54 
Oct. 697 

Dec. 794 
Dec. 178 
Jan. 237 
Nov. 750 
Apr. 395 
Nov. 119 
Feb. 294 
Oct. 53 
Nov. 118 
May 448 
Oct. 696 
Nov. 750 
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Research Laboratory 
Road Traffic Control .. 
Scale Model Aircraft .. 
Selective Paging Committee 
Semiconductor Load Cells 
Shoe Mould Manufacture 
Short- Distance Telemetry 
Silicon Rectifiers .. 
Society of Acoustic Technology, The .. 

Technical Publications Contractors.. 
Solder Relining 
Space Communications .. 
-- Power from the Sun 
Stroboscope Trolley .. 
Superconducting Solenoid 
Swartout Control Unit .. 
Television Advisory Committee 
-- Society Engineering Award 

Telstar. Oct. 54, 
Temperature and Humidity Control .. 
Testing Microminiature Solid Circuits 
Thin Insulating Films .. 
Timetable Production .. 
Transducer Advisory Service 
Transistor Production .. 
Transistorized Control Unit 
Tunnel- Diode Computer Store 
U. H. F. Television 
'Ultrasonics' 
Viscometer . . • .. 
Weather Radar for Britain's Highest Building .. 
X-ray Spectrometer 
-- Vidicon 

Industrial Television in the Generating Industry, R. E. 
Blythe .. „ 

Temperature Measurement, K. A. Fletcher .. 
I.P.P.S. Exhibition, The 1963 

I IG-BOR ER, Electronically Controlled .. 
J--, Sperry Install an Automatic 

Sept. 656 
Jan. 238 
Nov. 748 
June 496 
Sept. 655 
Apr. 396 
Mar. 344 
Feb. 292 
Feb. 294 
June 496 
May 447 
Sept. 655 
Nov. 750 
Aug. 602 
Nov. 119 
July 546 
Aug. 602 
July 546 
Jan. 238 
Oct. 698 
Aug. 600 
Nov. I 18 
Mar. 344 
Oct. 698 
Apr. 395 
Nov. 118 
Dec. 178 
Oct. 54 
Oct. 53 
Dec. 796 
Oct. 698 
Aug. 602 
Mar. 343 

Nov. 707 
Nov. 66 
Feb. 289 

Monitoring Radiation 
Multi- Lingual Tannoy System 
-- -way Cable Testing .. 

NELAS Gas Laser 

.. July 510 

.. July 523 

.. Aug. 599 

• T • • • • • • • • 
New Aids for Industrial raining, R. C. Winton .. 

-- Glass for Ultrasonic Delay Lines .. .. .. 
-- Load Control & Indicating Equipment, E. Fielder.. 
-- Real-Time Computer .. .. .. .. 
--- Remington Synchrotypewriter .. 
-- V.H.F. Aerial .. .. .. 
  X-ray Microscope .. .. .. 
Noise Spectrum Analyser, Automatic .. .. 
Non-Destructive Void Detection in Dielectric Materials, 

D. M. Bernstein .. .. .. .. .. .. 
Nucleonics and Industry, Denis Taylor .. .. .. 
Numerical Control of Machine Tools, H. Ogden.. .. 

nBITUARIES: 
%-• Aisenstein, Simeon M. 

Bennington, T. W. 
Dance, David C. .. 
Eckersley, Peter Pendleton 
Partington, George 
Satchwell, Leonard 
Schoenberg, Sir Isaac 
Sporing, P. A. .. 
Stephenson, E. F. 

On- Line Computer Processing, Collectiont of Analogue 
Plant Data for, J. F. Roth .. .. .. 

-- -- -- -- -- Plant Data for, J. F. Roth .. 
-- -- --, Programming Techniques for, Dina St. 

Johnston .. .. .. .. 
-- Data Handling Systems, Analogue-to- Digital Con-

version in, W. E. Willison .. .. .. .. 
Oscillators, Frequency- Modulated, R. C. Foss .. .. 

Apr. 388 Oscilloscopes in Industry, M. Davies .. .. .. 
Oct. 26 -- -- the Modern Garage, E. E. Morgan .. .. 

Output Devices for Industrial Computer Systems, J. F. 
Roth, July 511, (Correspondence) . . .. .. 

Owen Bridge, The, K. Posel 
K NITTING Machine, Automatic Control of a Tailor, 

M. Browning .. .. Oct. 663 

ASER Modulation, Efficient .. 
Nelas Gas .. 

Learning Circuits, Memory and, B. R. Wilkins, Nov. 96, 
Linear Delay Circuits Using Constant-Current Diode, 

S. S. Hakim 
Liquid Level Measurement Using Nuclear Methods, Denis 
Taylor .. 

Load Control and Indicating Equipment, New, E. Fielder 
Low-Cost Counting for the Smaller Firm .. 
-- - Distortion Constant- Voltage Transformer, J. K. 

Choudhury and S. N. Bhattacharyya 

kit ACHINE Tool, Continuously Controlled, J. N. Muir 
"Magnetic Field Generation, Strip Conductors for, 

T. H. Beeforth 
Nomograph, N. D. Richards, M. J. Taylor and 

G. Winsor 
--- Hardness Monitor for Steel Strip .. 

Magnetostrictor Equivalent Circuits, C. F. Brockelsby.. 
MANUFACTURERS' LITERATURE: Oct. 56, Nov. 

122, Dec. 184, Jan. 240, Feb. 296, Mar. 346. Apr. 398, 
May 450, June 498, July 548, Aug. 604, Sept. 658, Oct. 
700, Nov. 752. .. 

Marine Lighting Equipment, W. J. Markwick 

Mass Spectrometer for Quantitative Gas Analysis in 
High Vacuum Systems .. 

Measurement of Bulk Flow and Mixing, Denis Taylor.. 
- --- Ocean Temperatures .. 
Measuring Machine, Three-Dimensional 
-- Moisture 
-- Transistor Time Constant, T. E. Price .. 
Memory and Learning Circuits, B. R. Wilkins, Nov. 96, 
-- Device, New High-Speed 
Metron Depth Sounder, The, K. T. W. Jones 
Microcircuits, A. T. Watts 
Microminiaturization in Electronics, Paul Jeffries .. 
Microscope, New X-ray .. 
Microwaves Measure Moisture in Solid Materials 
Minertia Motor, Teruyuki Fukuda 
Minivac, The, A. G. Cowley 
Modern Aid to Metal Analysis, A 
Modular Construction of Electronic Servo-system Ele-

ments. J. R. Musham 
Modulators, Backward- Diode, D. P. Howson .. 

-, Conversion Loss in Rectifier, D. P. Howson. 
Oct. 46, .. 

Nov. 709 
Nov. 738 
Dec. 154 

Dec. 780 

May 404 
Sept. 607 
June 466 

July 534 

Nov. 733 

Nov. 744 

Nov. 80 
Mar. 306 
Mar. 338 

Dec. 798 
Mar. 299 
Nov. 108 

Aug. 578 
Jan. 187 
Feb. 284 
Nov. 716 
Oct. 668 
Feb. 270 
Dec. 154 
Apr. 393 
Jan. 191 
May 407 
Oct. 8 
Dec. 767 
Sept. 647 
Mar. 307 
Feb. 268 Remote Alarm for Unattended Plant, R. E. Martin .. 
Sept. 644 -- Control of Closed-Circuit Television Systems, D. G. 

Ashton Davies 
Aug. 555 - Monitoring System for Industry .. 
Mar. 334 Resistors, High Stability .. 

Robotugs Speed Handling of Shoes 
Nov. 101 Roundness Measurement, Computer Aids 

Nov. 738 
July 505 
Feb. 276 
Sept. 607 
Dec. 792 
Dec. 168 
Dec. 769 
Dec. 767 
May 440 

Sept. 645 
Oct. 18 
Nov. 59 

Oct. 53 
June 496 
Aug. 601 
Apr. 396 
Aug. 601 
Aug. 601 
Mar. 344 
Dec. 178 
Aug. 601 

Mar. 326 
Jan. 228 

June 456 

Apr. 376 
Jan. 224 
Feb. 251 
Apr. 349 

Nov. 751 
Dec. 783 

DA RAMETRIC Up-Converter Radar, F. J. Gregory .. Dec. 172 
1 Personal Centralized Dictation System, D. G. Alderson Jan. 196 
Photocells, Semiconductor, J. Sharpe, Dec. 129, 

(Correction) Jan. 238 
--, Vacuum and Gas, J. Sharpe .. .. .. Nov. 70 
Photoelectric Curve Reader .. .. .. .. Mar. 337 
-- Equipment in Multi-Storey Car Park at London 

Airport .. .. .. ..• •  Oct. 659 
Pickup Cartridge Testing Machine .. Oct. 656 
Pictures in the Dark .. .. .. •. Oct. 25 
Piezo-Magnetic Analogue Multiplier .. . • Dec. 157 
Pig Grader, Ultrasonic, G. D. Cutler .. .. Dec. 125 
Plastic-Coated Steel, Fabricating, C. Burton .. Sept. 611 
Plate-on Printed Circuit .. .. .. .. June 458 
Polyvac Process, The, D. J. Webb .. .. .. Feb. 247 
Power Supply, High-Current Stabilized, C. D. S. Gaskill June 463 
Presentation of Marine Radar, J. A. Glasgow .. .. Oct. 665 
Pressure Fired Ceramic .. .. • • .. .. Mar. 331 
Printing, Electronic Colour Registration in, J. C. Mawer Aug. 560 
Profiling Machine, Electronic, J. Pye .. .. .. May 401 
Programming Techniques for On-line Computer Pro-

cessing, Dina St. Johnston .. .. .. .. June 456 

Q-MAPS—New Presentation of Coil Design Data .. Nov. 706 

R ADAR, High Definition .. 
--, Marine.. .. .. .. .. 

--, Parametric Up-Converter, F. J. Gregory .. .. 
--, Presentation of Marine, J. A. Glasgow .. .. 
Radiation Detector Tubes, F. C. Loveless and R. D. 
Phillips .. .. .. .. .. .. .. 

Radio for Marshalling Yards .. .. .. .. 
Radioactive Static Eliminators, Denis Taylor .. .. 
Radiography, Use of Radioactive Materials in Industrial, 
Denis Taylor .. .. .. .. .. .. July 520 

Recorder. Deflected 'Ink Beam' .. .. .. .. Nov. 715 
Rectifier Modulators, Conversion Loss in, D. P. Howson, 

Oct. 46, .. .. .. .. .. .. .. 
Rectifiers, High Voltage Silicon Controlled .. .. 
Refrigeration, Small-Scale (Correspondence) .. .. 
Relay Dust Covers 

Jan. 235 
Nov. 108 
Dec. 172 
Oct. 665 

Dec. 150 
Aug. 594 
Nov. 717 

Nov. 101 
Nov. 719 
Oct. 55 
Feb. 246 
Nov. 104 

Nov. 703 
Oct. 35 
Oct. 29 
Dec. 134 
Apr. 379 
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MONTH PAGE MON I II PAGE 

ATELLITE Communications .. 
'-'Self-Healing Dielectric Gel 
Semiconductor Photocells, J. Sharpe, Dec. 
(Correction) . . 

Semiconductors, Electron Emission from.. .. 
-- in Industry .. 
Servo-system Elements, Modular Construction of 

tronic, J. R. Musham 
Shorthand Transcripion Machine, Experimental.. 
Simulator, Environmental Motion 
Simulators, Flight .. 
Small-Scale Data Processor.. .. 
Smoke Density Equipment .. 
Soldering-Iron Bits, Erosion of, P. Sharpies 
Solid Circuit Amplifiers 
-- -State Totalizer 
Solion, The .. 
Special Types of Vidicon Camera Tubes, A. C. Dawe 
-Spectocom' Head-Up Display .. 
Spectrometer for Quantitative Gas Analysis in High 
Vacuum Systems, Mass 

-- Increases Foundry Productivity .. 
Spencer Works, Jan. 212, 228, Mar. 326, Apr. 376, 
June 456, 

Sperry Install an Automatic Jig Borer 
Spray Particle Analyser .. 
Sputtered Components in Thin- Film Circuits, P. Lloyd 
Stabilized High-Voltage Supplies, J. P. Holland, Aug. 595, 
(Correspondence) .. . . 

Standard Frequency Receiver .. 
Step-by-Step Automation .. 
STEV1 Provides Safety Shut-down 
Storage Tube Aids Surgeons 
-- Tubes in Instrumentation, Applications of, F. J. 

Horley, June 459, .. 
Store, A Dynamic Diode-Capacitor, J. B. Warman and 

H. J. Stirling .. . • • • 
Strain Gauges, Etched-Foil 

Ultra-Thin Foil, A. L. Window .. 
Strip Conductors for Magnetic Field Generation, T. H. 
Beeforth . • • • 

Stroboscope, Closed-Circuit Television and the, N. L. 
Glew 

Stroboscopes in Industry, W. G. A. McCormick.. • • 
Stroboscopic Testing of Motor Generator.. .. • • 
Stub, The Double-Y. Shunt, C. S. Gledhill 
Submerged Telephone Repeater Test Set .. .. • . 
Swimming Races to be Timed by Electronics 
Synthesizing the Radiation Pattern of a Ring Aerial, P. 
Knight .. 

TACHOMETRY in Industry, E. K. Elphee 
I Tape-recorded Vibrations 
-- Recorders Help Silence Vehicle Exhaust Systems.. 
Teaching Machines (Correspondence) .. 
Telemetry System, Weather Forecasting by Unattended.. 
Teleprinter School, British Railways .. 
Television and the Stroboscope, Closed-Circuit, N. L. 
Glew 

--- in Industry, W. Tusting 
- -- the Generating Industry, Industrial, R. E. 

Blythe .. 
-- Standards Converter .. 
-- Systems, Remote Control of Closed-Circuit, D. G. 

Ashton Davies .. 
Temperature Control, Electronic .. 
--- Measurement, Industrial, K. A. Fletcher 

.. Feb. 283 Temperatures, Measurement of Ocean .. .. .. 

. July 514 Test Rigs for Torque Converters, H. J. Bunker .. .. 
129., Thermal Analysis, Electronics in .. .. .. .. 

.. Jan. 238 Thermoelectric and Thermomagnetic Cooling, H. J. 

.. Nov. 74 Goldsmid, May 441, .. .. .. .. 

.. Oct. 14 -- Cooling, J. E. Bean .. .. .. .. .. 
Elec- -- --, Applications of, J. E. Bean .. .. .. 

.. Aug. 555 Thin-Film Circuits, Sputtered Components in, P. Lloyd 

.. Aug. 562 -- Technique for Improving Microwave Diodes, H. V. 

.. Nov. 100 Shurmer .. .. .. .. 

.. Nov. 75 -- Transistor, Nov. 94, (Correspondence) . . 

. . Nov. 113 Three- Dimensional Measuring Machine .. 

.. Mar. 329 Toothpaste and Electronics .. .. .. .. 

.. Oct. 30 Training, New Aids for Industrial, R. C. Winton.. .. 

.. Mar. 341 TransfeRobot .. .. .. .. .. .. 

.. May 430 Transformer, Low-Distortion Constant-Voltage, J. K. 
Mar. 330 Choudhury and S. N. Bhattacharyya .. .. .. 
Nov. 739 Transistor Circuit Analogue, K. Lamont and K. E. Moss 
May 431 -- Time Constant, Measuring, T. E. Price .. .. 

Transmission Line Elements, The Broadband Character-
Aug. 578 istics of Some Basic, H. V. Shurmer .. .. .. Oct. 681 
Dec. 758 Tube Aids Surgeons, Storage .. .. .. .. Dec. 161 

-- with Fibre Optic Window, Vidicon Camera, A. C. 
July 511 
Oct. 26 
Sept. 620 
Oct. 22 

Oct. 699 
Dec. 782 
Oct. 11 
Dec. 787 
Dec. 161 

July 515 

Aug. 579 
July 519 
Oct. 657 

Nov. 744 

Nov. 711 
Dec. 158 
Nov. 69 
Sept. 634 
Dec. 152 
Apr. 353 

July 538 

Feb. 284 
Dec. 759 
Dec. 769 

June 467 
Nov. 110 
Dec. 132 
Oct. 22 

Dec. 169 
Jan. 239 
Nov. 716 
Dec. 128 
July 505 
Oct. 17 

July 534 
Dec. 162 
Feb. 270 

Aug. 576 
Tubes, High Resolution Cathode-Ray Nov. 742 
-- in Instrumentation, Applications of Storage. F. J. 

Holley, June 459, .. 
--, Radiation Detector, F. C. Loveless and R. D. 

Phillips .. .. Dec. 150 
--, Special Types of Vidicon Camera, A. C. Dawe Nov. 739 
Tunable Highly-Selective Distortion Test-Set, A, E. R. 

Oct. 685 
Tunnel- Diode Computer Stores, P. M. Thompson .. Mar. 303 
2MT Writtle (Correspondence) . . .. Dec. 181 

ULTRASONIC Cleaning Systems, Alan E. Crawford.. 
-- Degreasing, Automatic .. 

-- Delay Lines, New Glass for .. 
-- Pig Grader, G. D. Cutler .. 
Ultrasonics, Cleaning by, W. G. A. McCormick 
-- for Sensing and Switching, G. Millward 
Ultra-Thin Foil Strain Gauges, A. L. Window .. 
Use of Radioactive Materials in Industrial Radiography, 

Denis Taylor .. .. July 520 

July 515 

VACUUM and Gas Photocells, J. Sharpe 
v Value Engineering .. 
Versatile Data Acquisition System . .. 

Nov. 713 Vibrating Wire Strain Gauge . 
Oct. 34 Vibrations, Tape-Recorded .. . .. .. .. 
June 455 Vidicon Camera Tube with a Fibre Optic Window, A. C. 
Feb. 295 Dawe .. .. .. .. .. .. .. 
May 415 -- -- Tubes, Special Types of, A. C. Dawe .. .. 
Nov. 79 Voice Recognition .. .. .. .. .. .. 

Void Detection in Dielectric Materials, Non- Destructive, 
Nov. 711 D. M. Bernstein .. .. .. .. Sept. 645 
Oct. 3 

Oct. 651 
Oct. 6 
Feb. 276 
Dec. 125 
Aug. 551 
Jan. 218 
Oct. 657 

Nov. 707 
Oct. 669 WEAR Studies, Friction and, Denis Taylor 

" Weather Forecasting by Unattended 
Nov. 703 System .. .. .. .. .. 
Apr. 361 Weighing System, Electronic Conveyor Belt .. 
Nov. 66 -- Table-Tennis Balls by Electronics .. 

Telemetry 

• • 
• • 

Nov. 70 
Nov. 64 
Aug. 554 
Sept. 621 
Oct. 34 

Aug. 576 
Nov. 739 
Oct. 24 

Apr. 359 

May 415 
Feb. 288 
July 509 
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For further in Circle 235 on tiers ice Card 

If it calls for transient storage 

then it calls for (Imo" 

If(AWKLLI/CAWKELL RESEARCH .8 ELECTRONICS LTD • WESTERN AVE • ACTON • LONDON W.3 • ACORN 6151 • A MEMBER OF THE Sif11,...e CROUP OF COMPANIES 

REMSCOPE 741 
with plug-in amplifiers 

The most flexible instrument of its kind costing 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 

BEAMS WITCH 

AMPLIFIER 

TYPE 741/2 

Allows 2 simul-

taneous phenomena 

to be displayed for 

comparison. 

Direct coupled. 

Differential input. 

Price: £ 120 

TRACE SHIFTER 

AMPLIFIER 

TYPE 74111 

For easy comparison 

ol sequential 

signals 2, 4, or 8 

steps. Min. interval 

between steps 5irs. 

Price: £ 75 
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Y AMPLIFIER 

TYPE 74113 

For normal single-

beam display. 

Band-width 1.5 

Mcis wh:ch 

consistent with 

writing speed. 

Price: £ 313 

- leaders in storage instrumentation! 
When Cawkell produced the storage channels used for 
the ' ZETA' experiments at Harwell they became the first 
company to marufacture 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 engine 
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 
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l'or furtlwr information circle 236 on Service:Card 

UNCOMMON MARKET... 
DELANCO Organisation's 
Technical Know-How masters 
the intricate and unusual in 
component manufacture 

Anything uncommon in the way of design calling ror 
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 include 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 
supplied 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. 

INSULATION MATERIALS AND COMPONENTS 

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

Phone: CLE 8484 • Grams: PROMPSERV. LONDON ' Delanco Works • Leonard Street • London • E.C.2 
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For further information circle 237 on Service Card 

Superbly-Engineered 

CABINET 

RACKS by 

Brilliantly designed, well-styled and finished, Datum Mark Ill racks 

are the "first-choice" of discriminating electronic engineers. 

Being manufactured to the highest engineer;ng standards, 

they are the perfect complement to high quality equipment. 

The fully-welded construction of front and rear frames produces 

a basic unit of great strength and rigidity. Several alternative types 

and styles of closure can be fitted to produce complete racks 

for a wide variety of applications at highly competitive prices. 

An alternative version now available is the " E"-type rack, 

with bolted side and rear panels. The prices of this series are 

even lower than those of the fully-styled models, yet the high 

Datum standards of quality and finish are fully adhered to. 

Write or ' phone today for full technical details to: 

Datum DATUM METAL PRODUCTS LTD. 
COLNE WAY TRADING ESTATE • WATFORD BY-PASS • WATFORD • HERTS 

Telephone: Watford 22351 

Telegrams: Datum, Watford 

Datum 
jliirrierz 

5 

11111111 11I111 
11101. 11110 

Full length 

side door 

with 

"push-button" 

lock 

Face-moun ed 
front door 

with 

armour-plate 

glass panel 

Typical rear 

frame 

showing unit 

door, fixed 

panel and 

blower 

"E"-type 

rack with 

detachable 

side panel 

Styled 

side 

door in 

combination 

with 

termination 

Panel 
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For further information 

circle 238 on Service Card 

Portable low cost 'Clearcall' Audio Units like this 

provide dependable one- or two-way speech links; 

quickly adapt to changing communication needs 

in all types of plant. 

-for better productivity 
Modern industry is 'getting the message'. 

Directives are clearly heard and understood 

despite noisy surroundings. AEI ' Clearcall' 

Audio and Carrier Frequency Systems replace 

crude 'tic-tac' methods of communication, 

conquer noisy, dusty, fume- laden conditions— 

in factories, steelworks, power stations, found-

ries, mines, workshops, railyards. Talk man *.o 

man with AEI engineers on your 'communi-

cations' problem. Learn how ' Clearcall' appara-

tus can aid efficiency and productivity for you. 

Ruggedly- built ' Clearcall' equipments include 

handy 'go- anywhere' microphone/loudspeaker 

units for plant commissioning and maintenance 

work, crane control and alarm systems, and 

full-scale works communication networks for 

keeping 'integrated' production flowing 

smoothly. 

IS THERE AN ' ELECTRONIC ANSWER' TO YOUR PROBLEM? 

. . . AEI equipments and AEI experience cover 

every kind of electronic control application. 

Let AEI bring you up to date now on latest 

electronic progress in your special field. Write 

for information to your nearest AEI office or to: 

`AEI INDUSTRIAL ELECTRONiCS'* 
achieving effici(-:ncy efficiently 

Electronic Apparatus Division 
Associated Electrical Industries Limited 

NEW PARKS • LEICESTER 
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Welding cDntrols 

Photo- electric devices and timers 

1 

Electronic instruments 

Nr. 
Commuilicantai and totind equip/lent' 



e C thinks small... 
iiere'N'S' 
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or big 

AUTOMATION STEP BY STEP BRINGS COMPUTER CONTROL WITHIN YOUR BUDGET 

ARCH. A vital new concept in process computing which permits step-by-step intro-
duction of computer control in any plant at low cost. ARCH. A range of compatible and 
proven transistorised analogue and digital modules which work on their own or teamed 
in a system—ultimately as a network of systems interlinked to give integrated control over 
interdependent process areas c If there is a way of measuring a process variable then 
there is a way into ARCH. Any kind of input—pneumatic, shaft position, ac or dc, voltage 
or current—every conceivable forn of transducer, every possible type of signal, could be 
the start of an ARCH control network Make yourstart byfinding out more about ARCH now. 
n For detaiIs of the modules and applications, for manuals and courses on ARCH write: 

E 
process computing division 

A Member of the Elliott-Automation Group. ES 
ELLIOTT BROTHERS (LONDON) LIMITED / ELSTREE WAY / BOREHAMWOOD / HERTS / ELSTREE 2040 
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RIBET WOBBULATORS 

LABORATORY SWEEP SIGNAL GENERATOR TYPE 41IA 

Designed to study circuit behaviour as a function of frequency 
variation, the 411A is well-suited for precise adjustment of all 
H.F. or I.F. circuits in A.M. receivers, TV., radio and radar 
amplifiers. It is useful also for the adjustment of discriminators 
and frequency modulation circuits. 

Frequency range is 0 to 320 Mc/s in three ranges, with sweep 
width adjustable from 0 to ± 25 Mc/s depending on the range. 

I TV-FM SWEEP SIGNAL GENERATOR TYPE 410B 
The 410B is especially useful for the plotting and adjust-
ment of selectivity curves of TV receivers (R.F., I.F. 
and video) and of F.M. receivers. Because of its simple 
operation and rugged construction the 410B is ideal for 
production servicing and maintenance. 

Frequency range is 0 to 250 Mc/s in three ranges, with 
sweep width adjustable from 0 to ± 12.5 Mc/s depending 
on the range. 

VHF.TV (BANDS 4.5) SWEEP SIGNAL GENERATOR TYPE 412A 
Suitable for use with the 401B, 411A or with any general purpose 
oscilloscope. 
Frequency range is 320 to 950 Mc/s with sweep width adjustable 
from 0 to ± 20 Mc/s. 

RADIO SWEEP SIGNAL GENERATOR TYPE 476A 
Designed for the accurate alignment of A.M. an F.M. receivers, 
the 476A is a versatile instrument, which is of particular value to 
the servicing engineer and the radio designer. 
Frequency range is 100 kc/s to 25 Mc/s in three ranges, with 
sweep width adjustable from 25 cis to 50 kc/s. 

G &, E BRADLEY LTD 
Electral House, Neasden Lane, London, N.W.10 Telephone: DOLlis Hill 7811 
Telex: 25583 • Grams: Bradelec London N.W.10 

SOLE DISTRIBUTORS IN THE U.K.-FULL AFTER- SALES SERVICE FACILITIES 
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alb 

AVERAGE GRAIN 
SIZE COUNTER 

The Average Grain Size Counter gives rapid 

and accurate counts of the number of grain 

boundaries shown on a photomicrograph. 

The machine uses a frame-mounted slide 

travelling in a series of equally spaced parallel 

lines which are scanned by a narrow beam of 

light. The interruption of this beam at each 

grain boundary is accurately counted and 

displayed on an electronic counter. 

ELECTRO-HYDRAULIC 
FORMING EQUIPMENT 

For the accurate forming of metals to 

pre-determined shapes. This new equipment 

employs the novel technique of electro-

hydraulic forming in which energy, stored in 

a bank of capacitors, is discharged in a water-

filled forming chamber thus causing shock 

waves to form metal against the required 

mould. Operation is simple and exceptionally 

economic. 

Jame. S ecfflit(ELECTRONIC)i ad 
ENGINEERING amis 

68 Brockville Street, Carntyne Industrial Estate, 
Glasgow, E.2 

Telephone: Shettleston 4206 
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C0 /IIZ . L 

P•ODUCTS LIMIT E 

q.er) 7r.ele Mee. 

Soldering Instruments and Equipment 

Illustrated 

BIT INSTRUMENT ( List 

No. L64) IN PROTECTIVE 

UNIT ( List No. 700) 

ALL VOLT 

RANGES 

6 7 to 230,50 

VOLTS 

BRITISH & FOREIGN PATS. 
& REG. DESIGNS. ETC. 

Traditional British Quality and Workmanship 

ADCOLA PRODUCTS LIMITED 
Head Office, Sales and Service 

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

Te!ephones MACAULAY 3101 & 4272 

elegrams SOLJOINT LONDON S.VV.4 
AUSTRALIAN ASSOCIATES ADCOLA PRODUCTS PTY. LTD. 

673 WHITEHORSE ROAD, MONT ALBERT, MELBOURNE. VICTORIA 

visit the largest 
annual world 
exhibition 
in the electronics field 

from February 7th to 12th, 1964 

in Paris, Porte de Versailles 

at 

THE 

INTERNATIONAL 

EXHIBITION 

of 

ELECTRONIC 

COMPONENTS 
All components, tubes and 
semi-conductors 
measuring and control equipment 
electro-acoustics . . . 

For all 

inquiries and 

information:apply to : 

S.D.S.A., 23 rue de Lubeck 

Paris 16.ern‘e PASSY 01-16 
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The nth degree 

The consistent 'nth' degree precision of HARWIN Com-

ponents results from stony-hearted 'third degree' ex-

amination. The menacing glare of HARWIN inspectors 

brooks no compromise. You get Components you can 

rely on. Insulators, Lugs, Stand-offs, Brackets, Terminal 

Boards, Chassis Fittings, etc. And when HARWIN 

promise them, you get them. 

HARWIN ENGINEERS LTD • RODNEY ROAD • PORTSMOUTH 

HAMPSHIRE • TELEPHONE: PORTSMOUTH 35555 (4 lines) 

As Min:-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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FARNELL 

ESSAYS 
IN 

30T/ 2EC ELECTRONICS 

TWIN TRANSISTORISED iscG'=GIE 
POWER SUPPLY UNIT 

WITH ELECTRONIC CUT—OUTS 

Two electrically independent power supply units incorpor-

ated mechanically in one case, with mains input of 110-220 

volts and D.C. outputs of 0-30 volts variable at a maximum 

current of 2 amperes. The electronic cut-out is adjust-

able between 50mA and 2 amperes on both outputs. 

This compact unit is 19" long by 7" high and weighs only 

42 lbs. U.K. Price £140 

Write for leaflets giving details of 
other TSV instruments and stabil-
ised sub units. 

FARNELL INSTRUMENTS LTD 
SANDBECK WAY, WETHERBY, YORKS 

Tel. 2691 23 

38 

obtainable 

from leading 

booksellers 

further thoughts 
by ' Cathode Ray' 

This new book may be regarded as a 

sequel to an earlier book by ' Cathode 

Ray' SECOND THOUGHTS ON 

RADIO THEORY, but widened in 

scope to include electronics. The 

essays, adapted from the popular 

< Wireless World' series, are grouped 

according to subject and arranged in 

logical sequence. 

This is a book that every electronic 
engineer, and for that matter every 

electrical engineer, should read. It 

can be guaranteed that no one will 

fail to learn something to his advan-

tage. It presents aifficult and tricky 

questions vividly and clearly so that 

they can be readily grasped. 

42s net by post 43s Id 

301 pages 204 illustrations 

Published for ' Wireless World' by 

ILIFFE Books Ltd. 

DORSET HOUSE 

STAMFORD STREET LONDON SEI 
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the first definitive book on the subject 

TRANSISTOR 

INVERTERS AND 

CONVERTERS 

THOMAS RODDAM 

This is the first definitive book on the subject and the author 

has produced a single theory to cover all the various types of tran-

sistor inverter circuits available. He is well qualified for this 

task—as a practical designer of circuits; consultant to many 

well-known firms, and a regular [contributor to " Wireless 

World." The book contains many well-tried designs as 

well as original designs by the author, and it will be an 

invaluable source of information both for the electronic 

engineer with no previous experience of inverters and 

for the established designer who wishes to extend his know-

ledge of the subject. 

42s net by post 43s 254 pp illustrated 

obtainable from leading booksellers 

Published by ILIFFE Books Ltd. 

DORSET HOUSE STAMFORD STREET LONDON S E I 
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Resistors are no problem - 
if you're a HARWIN customer 
Says Mini Tronic 

PRECISION 

WIREWOUND 

RESISTORS 

Resistance Range 
1 Ohm to 30 megohms 
Tolerance Range 
1% to 0.015%. 

Temperature Coeffi-
cient better than 24 
parts per million. 

— — 

Íj 
HARWIN have a really fine range of precision wirewound 
resistors with wire or lug terminations, low temperature coeffi-

cient, in either normal, encapsulated or hermetically sealed 
styles. Harwin Engineers' service is unsurpassed, better get 

in touch with them right away, for a firm price, and reliable 

delivery or details of our full range. 

HARWIN ENGINEERS LTD • RODNEY ROAD • PORTSMOUTH 

HAMPSHIRE • TELEPHONE: PORTSMOUTH 35555 (4 lines) 

GREAT FOR MINIATURE ELECTRON 
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Ask Sperry 
about 

low cost 
automation 

Constant application of its instrumentation and control 
skills has enabled Sperry to lead with new techniques 
and matching Components for greater Productivity. Why 
not ask Sperry about new developments? Detailed tech-
nical literature is available on the following:— 

COMPONENTS 
Servo Mechanisms 

Hydraulic Servo Components 
Latchmaster 

SYSTEMS 
Gravitymaster 
Liquid Density Meter 

Introview 
Detector 

DATA HANDLING 
Magnetic Memory Drums 

HAVE YOU GOT YOUR COPY OF 
"Hydraulic Servo Systems—Analysis and 
Synthesis"? A new Sperry handbook especially 
written for pract'cal use by engineers. 

Contact David R. McNatight, 

SPERRY INDUSTRIAL GROUP 
West Road, Brentford, 

PROMPT 
DELIVERY 

Many Type5 

Ex Stock 

P111L-TROL 

SOLENOIDS 

Type 45 with spring return and thrust as shown in the hand is one 
of the most popular of the Phil-trol range—can be arranged in banks 
with r spacing suitable for typewriter keys, etc. Phil-trol offer a 
complete range of AC and DC miniature, medium and large solenoids, 
Push or Pull, spring return and C.O. switched models if desired. 

Send for leaflet No. 108a and complete price list. 

PHILLIPS CONTROL (G.B.) LTD. 
Dept. K7, Farnborough Rd., Farnborough, Hants 
Telephone: Farnoorough 1120 Grams & Cables. Pilau-of, Farnborough, Hants 
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ULTRASONIC 
DELAY LINES 

C. F. Brockelsby, B.SC., A.R.C.S., A.M.I.E.E. 

J. S. Palfreeman 

R. W. Gibson, B.SC.(ENG.). GRAD.I.MECH.E. 

an invaluable new book 

Modern ultrasonic delay lines—capable of introducing delays 

up to several milliseconds—can act both as timing elements and 

as information storage devices. They find important applica-

tions in radar—for which they were first developed—in radio and 

television, electronic computers, pulse-forming networks, 

correlation techniques and multi-channel communication 

systems, and even further afield in acoustic interferometry etc. 

In spite of many references to these devices in world 

literature this is the first book specifically devoted to 

them. 

65s net by post 66s 3d 297pp plus 8 pp of plates 

obtainable from leading booksellers 

Published by ILIFFE Books Ltd. 

Dorset House Stamford Street London S.E.1 
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UHF 1300Me 
RAYTHEON 

2 N 2808 

SILICON PLANAR TRANSISTOR 

Max. Frequency of Oscillation: 1300 Mc/s min. 

Noise Factor: 

Power Gain 

Total Dissipation: 

5dB max. at 200 Mc/s 

20dB min. at 200 Mc/s 

0.3W at 25°C case temperature 

WALMORE ELECTRONICS LIMITED 
11-15 BETTERTON STREET DRURY LANE LONDON WC2 TEL TEMPLE BAR 0201-5 
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RUBBER 
ACCESSORIES 

CABLE CONNECTORS 

CONDUIT BUSHES 

PloULDED 

BUSHES 

GRoMMETS 

BUFFERS 

PLUGS 

Mrreiar 
*". by, 

ed. 

Ne. NE114,4 

* Have you a copy of this NEW 
Metway list, dealing with the wide 
range of Metway Rubber Accessories? 
If not write _ now for_ List _ No. 
MEI/62C/IE. 

METWAY - KEMP TOWN - BRIGHTON 7 

For further information circle 254 on surs ice I. a rd 

is pointing... communications, medicine, metal-
lurgy, weaponry . . teller's tremendous inventory of 
stock single crystals ,s available to supply your laser 

needs instantly. 
All configurations: plain flat and parallel ends, TIR, 

Brewster's angle. 

All types: Ruby rods to 12" 0 2% neodymium doped 
super-quality glass CI .5% neodymium doped calcium 

tungstate to 5" ri .1% samarium or .5% neodymium 

doped strontium fluoride 0 .5% neodymium or .1% 

uranium doped barium fluoride ci calcium fluoride 

doped with .5% neodymium or d% samarium or .05% 
dysprosium (up to 6") or .1% uranium. 

Request current stock lists and prices from DALE 

ELECTRONICS, LTD., 109 Jermyn St., London S.W. 1, 

England. 

=MP 
Adolf Meller Company, Providence, Rhode Island, U.S.A. 
Synthetic Sapphires • Laser Crystals • Alumina Powders 
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ARE YOU UP-TO-DATE WITH "A generally excellent introduction 

YOUR SOLDERING to computers" 

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 the world. BIT 
DIAMETER, -3/32 in. LENGTH, 7 in. 
WEIGHT, oz. (Less Flex). HEATS 

IN 30 seconds. 

Brochures A & L33 

post free from the sole proprietors:— 

TECHNIQUE? 
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 I 

LIGHT SOLDERING DEVELOPMENTS LTD. 
28 SYDENHAAA ROAD, CROYDON, SURREY. Telephone: CROydon 8389 
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OXLEY 
BARB INSULATORS 
TYPE 062 

Working voltage 
500 V DC 

Capacity less than 
.5 pF 

Temperature range 
—55'C to + 200°C 

Resistance to pull in 
either direction 3 lbs. 

Chassis thickness 
= 22/24 SWG 
.0227.028" = 0.56/ 
0.72 m/m. 

Mounting hole dia. 
.062  = 1.58 
m/m. 

A new subminiature irsulator, which is speedy to 
assemble, and with outstanding physical charac-
teristics. The P.T.F.E. bush, which is supplied 
with the heavily silver plated brass ' barb ' partly 
inserted, is located in an ordinary .062" dia, hole 
and the barbed spill is pressed firmly through the 
assembly, thus expanding the P.T.F.E. bush on 
the far side of the chassis and locking the 
complete assembly firmly in the chassis. 

Write for technical details of these and other 
Oxley products : 

OXLEY DEVELOPMENTS CO. LTD. 

ULVERSTON, L A NCAS HIRE 

The Post Office Electrical Engineering Journal 

ELECTRONIC 

COMPUTERS 
Principles and 

Applications 

by T. E. lvall 

SECOND EDITION 

A non-mathematical introduction to the operating principles 
of electronic computers, primarily written for technicians, 
engineers and students with some knowledge of electronic 
or radio techniques. Both digital and analogue computers 
are covered, there is a chapter on recent developments and 
finally the evolution of the more " intelligent" machinesof 
the future is discussed. 

from leading booksellers 

25s net by post 26s. 

263 pp. inc. 32 plates 

Published for " Wireless World" by 

ILIFFE Books Ltd., 
DORSET HOUSE 

STAMFORD STREET LONDON S.E.1 
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Proceedings of 

the British 

Interplanetary 

Society 

Symposia 1961-62 

MATERIALS 
IN 
SPACE TECHNOLOGY 

Editors: G. V. E. Thompson, B.SC., B.SC.(EN G.), F.R.I.C., 1.1.M., FILLS. 

and K. W. Gatland, F.FLA.S., FRIS., A.R.AE.S. 

No other technological field is as demanding as astronautics 

in its requirements for specialised materials. The continuous 

new developments create new materials problems and it is 

these problems that are dealt with extensively in this book. 

It presents the very latest findings of leading metallurgists and 

fabrication specialists. The editors have ensured that the 

various chapters have been brought thoroughly up to date 

by their authors immediately prior to publication. 

65s net by post 66s Id 273 pp plus 32 pp of plates 

obtainable frog.» leading booksellers 

Published by ILIFFE Books Ltd. 

DORSET HOUSE STAMFORD ST. LONDON S.E.I. 
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INDUSTRIAL 
ELECTRONICS 

Press date for the January 1964 issue is 

first post 23rd December 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, cío " Industrial 
Electronics", Dorset House, Stamford Street, London, S.E.1. 
Semi-Display advertisements with centralized lines £1/15/- per single column inch, 
Display advertisements UMW- per single column inch—no additional charge for Box 
Numbers. The Publishers are not responsible for clerical or printers' errors although 
every care is taken to avoid mistakes. 

SITUATIONS VACANT 

VACANCIES IN THE DIPLOMATIC WIRELESS 
SERVICE OF THE FOREIGN OFFICE 

The Diplomatic Wireless Service has vacancies for 
radio engineering staff at Hanslope Park near 
Wolverton in North Bucks. 
The work involves the use of HF, VHF, UHF and 
microwave receivers, associated test equipment, 
recorders and audio amplifiers. 
Selected candidates must be prepared if necessary to 
undertaketrips overseas ofthree to six weeks' duration, 
unaccompanied by their families, up to three or four 
times a year. 
Appointments will be in the grade Engineer Tech-
nician Grade III £886 (at age 26 and over)-£1,059. 
Reduced starting salaries apply to younger candidates. 
Good opportunities exist for advancement to Grade 
II (£ 1,059-£1,208) and Grade I (£ 1,208-41,487) and, 
for the exceptional officer, to higher grades. 
Applicants, who should be at least 22 years old, 
should hold one of the following, or an equivalent 
qualification. 
(a) O.N.C. (Electrical) or, 
(b) City 8t Guilds Intermediate Certificate in Tele-

communications Engineering (old syllabus), plus 
Radio III, or 

(c) City & Guilds Intermediate Certificate in Tele-
communications (new syllabus), plus Mathe-
matics B, Telecommunications Principles B, and 
Radio and Line Transmission B. 

Applicants must have had an apprenticeship (or its 
equivalent) giving a good comprehensive training and 
having experience in skilled work in the radio 
communications field. Training and experience 
together must amount to 8 years: higher qualifications 
and an understanding of radio propagation at all 
frequencies would be an advantage. 
Selection will be by interview. 
Appointments will be on an unestablished basis but 
there will be opportunities for candidates to compete 
for establishment at a later date. 
Candidates and both their parents must have been 
British subjects at all times since birth. 
Candidates must be prepared to undergo medical 
examination. 
Applications in writing giving age, qualifications and 
experience to the Personnel Officer, Diplomatic 
Wireless Service, Hanslope Park, Wolverton, Bucks, 
and quoting Box F.S.1. 

[2039 

TRANSFORMER TESTERS 
Two experienced men required for testing voice 
frequency transformers. O.N.C. standard desirable. 

Apply:— 
Personnel Manager, Phoenix Telephones Limited, 
Grove Park, London, N.W.9. COLindale 7243. 

[2042 

SERVICES OFFERED . . 

Precision Sheet Metal Work for the Radio & 
Electrical Trade. Chassis, Panels, Brackets, etc. 
Power Press Capacity up to 100 tons. Press brake 
capacity up to 105 tons 8ft. x 7/32in. All spray and 
stove finishes. A.I.D. approved. — The Kaymet 
Company, Kaymet Works, Sylvan Grove, London, 
S.E.15. Telephone: NEW Cross 6644. 

[2036 

BUSINESS OPPORTUNITIES 

Electronic Control Systems manufacturer, or manu-
facturer of products calling for similar production 
techniques, could be offered a profitable opportunity 
by a well established concern with a developed pro-
duct in this field. No investment involved. Interested 
parties should reply_to Box 5266. 

[2040 

VACANCIES IN DIPLOMATIC WIRELESS SERVICE OF THE FOREIGN OFFICE 

The Diplomatic Wireless Service has vacancies for engineering staff in Radio Stations in the 
United Kingdom and overseas both for high power broadcasting and point to point communication. 
The work involves the construction, operation and maintenance of a wide range of radio trans-
mitting and receiving equipment including aerial systems and power supply plant, and applicants must 
have experience in some part of this field. 

Appointment will be in one of the following grades according to:qualifications:and experience. 

Engineer Technician Grade 'B' £1,487-£1,716 

(Applicants for this post should have some experience in the design of high frequency aerials) 

Engineer Technician Grade I 

Engineer Technician Grade II 

Engineer Technician Grade III 

£1.208-£1,487 

£1,059-£1,208 

£886 (at age 26 and over)-£ 1,059 

During service overseas additional allowances are paid and free furnished accommodation is 
provided for Engineer Technicians and their families. 

Applicants should hold one of the following or an equivalent qualification: 

(a) O.N.C. (Electrical), OR 

(b) City and Guilds Intermediate Certificate in Telecommunications Engineering (old syllabus). plus 
Radio III, 

OR 
(c) City and Guilds Intermediate Certificate in Telecommunications (new syllabus). plus Mathe-

matics B, Telecommunications Principles B, and Radio and Line Transmission B. 

For all posts applicants must have had an apprenticeship (or its equivalent) giving a good compre-
hensive training and having experience in skilled work in the electrical or electronics field. Training and 
experience must together amount to 8 years for Grade Ill posts: more extensive experience involving 
a higher degree of responsibility will be expected for the higher posts, and higher qualifications will 
be an advantage. 

Selection will be by interview. 

Appointments will be on an unestablished basis but there will be opportunities for candidates to 
compete for establishment at a later date. 

Candidates and both their parents must have been British subjects at all times since birth. 

Candidates must be prepared to undergo medical examination and to serve overseas as required. 

Applications in writing giving age, qualifications and experience and quoting reference Eng. I to the 
Personnel Officer. Diplomatic Wireless Sersice. Hanslope Park. Woherton, Bucks. 

MISCELLANEOUS 

PHOTO-ELECTRIC CONTROLS 

for industry 

Send for catalogues 

HIRD-BROWN LIMITED 

FLASH_STREET, BOLTON 

Telephone 27311 
[2027 

CAPACITY AVAILABLE 

AIR FRONICS LID. 

FOR COIL WINDING ASSEMBLY 

and 
WIRING OF ELECTRONIC EQUIPMENT 

TRANSISTORISED SUB-UNITS. 

4 Ashmead Road, London, S.E.8 
Telephone: Tideway 2249 

[2038 

SCRAP METAL 

Non-ferrous Scrap Metals, all grades, Swarf, Off-cuts, 
etc., purchased at highest rates. 

H. Barnett Ltd., 
Victor Road, London, N.7. 

Est. 1865 ARChway 5461 

[2041 

BOOKS, ETC. 

"RADIO Designer's Handbook." (4th Edition.) 
Editor: F. Langford-Smith, B.Sc., WE., Senior 
Member I.R.E.(U.S.A.), A.M.1.E.(Aust.). A com-
prehensive reference book, the work of ten 
authors and twenty-three collaborating engineers, 
containing a vast amount of data in a readily 
accessible form. The book is intended especially 
for those interested in the design and application 
of radio receivers or audio amplifiers. 55s net 
from all booksellers. By post 57s 9d from Ili& 
Books Ltd., Dorset House, Stamford Street, S.E.I. 

"LONG-WAVE and Medium-wave Propagation." 
by H. E. Farrow, Grad.I.E.E., B.B.C. Engineer-
ing Training Department. The main features of 
propagation at low and medium frequencies, 30-
3,000kc/s, and in particular the broadcasting 
bands 150-285kc/s and 525-1,6504/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 lliffe Books 
Ltd., Dorset House, Stamford Street, London. 
S.E.I. 

"ABACS or Nomograms." By A. Giet. Trans-
lated from the French by H. D. Phippen and 
J. W. Head. Most engineers have made use of 
nomograms at some time in their careers, and 
are fully alive to the fact that they are a very con-
venient tool when the same formula has to be 
solved repeatedly for several sets of variables. It 
is fair to say, however, that only a small pro-
portion of even those who habitually employ 
nomograms know how to construct them for their 
own use. Most of the comparatively small litera-
ture on the subject is written for mathematicians 
and is extremely difficult for the practical engineer 
to comprehend. This book is essentially practical, 
and not only demonstrates the many and varied 
applications of the abac or nomogram, but shows 
how even those without highly specialised mathe-
matical knowledge may construct their own charts. 
35s net from all booksellers. By post 36s from 
Illiffe Books Ltd., Dorset House, Stamford Street, 
London, S.E.I. 
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Tension Gauge 

Tor checking and ad-
justing springs of all 
kinds, especially to 
adjust contact pressures 
on relay springs for 
automatic telephone 
stations, to check pres-
sures and tensions on 
switches, brushes of 
motors, and in the pro-
duction and service of 
Radios, TV, Record 
Changers, Tape Recor-
ders, Typewriters, Pianos, 
Cameras, Projectors, 
Calculators, Dial Indi-
cators and gauges of all 
kinds. 

dia. of dial 
36 mm 

dia. of dial 
72 mm 

size 000 0.3-3g size 5 50-500g 

00 0.6-6g - 6 100-1000g 

0 1.15g 7 200-2000g 

5 SO g « 8 300.3000g 

50g 9 400-4000 

S 10.100g 10 soci-smog 

4 20 250 g 

GEORG KARSTENS GMBH 
7304 RUIT¡Stuttgart — W. Germany 

Cables: Gekarstens Stuttgart-Telex 07-23 498 

Mfrs. of Measuring Tools and Instruments — Cylindrical Grinders 

107R 

. . . TO YOUR FINGER from Card to wire. No 
troublesome tabs to remove . . . no chance to drop or 
lose Brady Markers. 

. . . TO THE WIRE—any size wire up to r diam-
eter—permanently . stay stuck in temperatures to 
400° F. 14" or î" Markers available from stock. 

4 MARKER SIZES-6 MATERIALS-300 STOCK ITEMS 

FREE NEW Bulletin and Testing Samples. Write: 

W. H. ERZIEM CO., LTD., Breakspear Rd., Ruislip, Middx. 
Telephone: RUISLIP 2245 

Manufacturers of Quality Pressure-Sensitide Industrial Tape Produits. Self- Bonding 
Nameplates, Automatic Machines for Dispensing Labels, Nameplates, Masks and Tape. 
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LAPLACE TRANSFORMS FOR ELECTRICAL ENGINEERS 
By B. J. Starkey, Dipl.Ing., A.M.I.E.E. A 

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 31 s 2d. 

From leading booksellers, published by ILIFFE Books Ltd., Dorset House, Stamford Street, London, S.E.1 
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TRANSISTOR SUPPLY PROBLEMS Wc 

••• 
2N 501 

2N 14 9A 2N 1500 2N 204 

976 2W 2401 IN 502 IN 1742 2 

60 IN 2398 2N 501A IN \ 499 IN 

7-(`4 976 IN 2401 2N 1500 IN 502. 2 

742 2N 2360 2N 2398 2N 1499 A 2 

1 A IN 1499 IN 1500 2N 2048 2N 

N 2401 2N 502 2N 1742 2N 

398 IN 501 A N 14 

20 

PRAM 
THE MARK OF RELIABILITY 

MADT, PNP, SPAT, MAT, ECDC 

TRANSISTORS 
NOW AVAILABLE IN BRITAIN 

Full ranges of silicon planar and germanium transistors 

previously manufactured by Philco International are 

now made available to the British market by T.C.C. 

with the co-operation of their American associates, 

Sprague Electric Company, who have been manufacturing 

Philco transistors under licence for the past few 

years. Many of these high grade transistors meet 

American military specifications. 

A 2 

N 1499 A 2N 15 
2N 2048 IN 976 2.N 

562 2N 1742 2N 23(x) 

IN 2360 2N239 

Solve your particular transistor problem by writing 

to us at Acton for further details of this 

latest product of the T.C.C. Sprague association. 

THE TELEGRAPH CONDENSER CO. LTD. 
(Head Office and Works) North Acton, London, W.3. Tel: ACOrn 0061 

Telex 261383 

(Also at) Chessington, Surrey • Bathgate, Scotland 

2 It 9A 

2N 2048 



INDUSTRIAL ELECTRONICS 

For further information circle 202 on Sen ice Card 

f 

I 

Erie EDM Series Silver Mica Plate Capacitors 
are noted f or their outstanding stability and close tolerance characteristics 

the dip-cooted process which cont ri butes to economy, small Si andze and reliability. 
Copocitoncer I m 40,000OF 

Toleran ce: ±0.5% (or ±0.5pF) to ± 10% 
Working Voltsr 100 to  Temp 2500 d.c. 
Operating i —55'C to + 125`C 
Temp. Coefficient, 

actor: —0, *20 to ±200 partsrmillion/°C 
Q F  

1000 min (except very low vo/ues/ 
Write for 'El» Plate Capacitor literature 

ERIE RFSISTOR LIMITED 

I. I 
Eri e ' W eecon• Ceromicons• 

are designed to provide the ultimate in miniaturizo• 
tion in cerornic capacitors. The square shape soves 

expensive printed circuit space. Dimensions: from 

0.15Cin. Operating temperatre: --.55`C to 
0.100in square x 0. 100m0 thick to 0.00 :805.°50otri 

/owe, working voltages. 
200V d.c., also available foru 6oPeration at 

Capacitance: 2.2 to 43,000°F 
Tolerances,  

Die lectric, P100 to Hi-K 

Write for 'Weecon' litprorure 

Erie  sstors Metal Oxide Film Rei 

ore a ph-cision product mode to DEF.511.1. Type icone 

MOK3 is khaki 

silicone insulated ond Type MOG65 is green sil insuloted. 

Type t0 is ° eramic insuloted unit 

56S or mode to hltsTO Specifica-

tions. Stondd toc lerances o f tr. or 1-.5% apply to the MO6S ond 

MOGO5 and Life Tolerances of IS% or s.7% to the  MOK3. 
Oxide Write for 'Metal ' literature 

Erie S vi 

." are b .t1 390 Mooded 
desms,:uzdmzszu uriits embodying ,e,,,,,. COPOCite:sts 

;:qtaizoeizriovercolo:rmikepeils:Leic:s.itec,,ayoinen i:ciisul:±0;06,d;:i117 :12;0)27,;,ei,p7.d2;535800.0rcoa;:::.:.f cof:ep:ati::eeesndcso: 

4, - f 
"e °,' 'Sty/. 390, 

ELECTRONIC COMPONENTS 

SOUTH DENES 

0//  4 "f4c.,... e ér 
, 

-,,,,,., e e 
., , ° se, ‘ Of .. , .,,,,,. ofr.  

GT YARMOUTH • Telephone: 4 911 Telex: 17 20 




