





The new
Bradiey 200
Is a quality
100 MHz general
purpose oscilloscope
It costs just

£595

That’s remarkable value for money.
Considergbly less than you could pay for the same performance,
_ accuracy, sensitivity and versatility.
Not that we set out to undercut the competition.

All we wanted to do was to produce the best 100MHz general
purpose oscilloscope on the market. But because we started from
scratch, we were able to use the latest engineering techniques
and advanced circuitry (including many i.c.’s). And this meant
we could price the 200 very competitively.

The 200 incorporates all the features you would expect in a
first-class modular instrument, plus several new ideas.

To find out about these, please telephone Ashley Stokes
on 01-450 7811, Extension 113. Or write to him at the address below.

* UK Price quoted does not include VAT

G & E BRADLEY LIMITED, Electral House, Neasden Lane, London, NW10 1RR Telex: 25583 A Lucas Company
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REGAL RANGE
Bl New 100° arc high quality meters at

low prices.

B Rugged taut band construction
— pivot and jewel available to order

M Sensitivities to 10 ©A

B Very competitively priced for
OEM quantities

B Modern styled meters in matt black
plastic cases with flattened arc
giving long scale.

L NDERS

TWO MODELS
R55 2.5in (63.5mm} Scale length
R65 3.2in (81.3mm) Scale length

Anders provide what is probably the largest Popular models and ranges are stocked in.depth
range of meters available from a single source while a spetially equipped instrument depart-
in Europe: MC/MI, dynamometer, vibrating ment enables swift production of non-standard
reed, electrostatic, etc. in over 100 case styles ranges and scales, to suit individual customer
and sizes, a few of which are shown below. requirements, in large or small quantities.

i Oxford Long Scale 240°. Solicontroller Moving Coil
Vulcan Mov/:ng Ir,?n. 4,, 2 models, 5-5”, 8” scales. Relay. DC moving coil
e s Vol DC moving coil and AC and AC moving coil
inzmif:,'s" s;n\éomféfrs' moving coil rectified. rectified. 1 or 2 adjustable

. alarm controls.
starting meters.

[ e S

Kestrel Clear Front. 7 Profile 350 edgewise Stafford Long Scale 240 Lancaster Long Scale

models, 1;3"—5-25" 4-3" scale. 6 models, 3-5"—11-5" 240°. 2 models, 47, 5-5”
scales, DC moving cail, DC moving coil and AC scales. DC moving coil, - scales. DC moving coil
AC moving coil rectified, moving coil rectified. AC moving coil rectified, and AC moving coil
AC moving iron. Horizonta! or vertical AC moving iron. Also 98° . rectified.

* ' mounting. scale.

Send for fully illustrated catalogue.

nnnens ElEt'nnnlts llml'En 48/56 Bayham Place, Bayham Street, London, N.W.1. Telephone 01-387 9092.

Manufacturers and distributors of Electrical Measuring Instruments. Sole U.K. distributors of FRAHM Resonant Reed Frequency
Meters and Tachometers. Manufacturers of purpose built electrical and electronic equipment to customers requirements.
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In submiiature switching, low cost needn’t mean low quality! That's the © Get the full data on hardy,

message that British-made Arrow CT series carries round the world— home-grown Arrow CT sub-mins.
gaining ready - acceptance wheérever it goes. Those rugged little lever
switches pack maximum performance into minimum size and weight. Single /:’ ARROW-HART (EUROPE) LTD.

and double pole versions with 2 or 3 way action, give a choice of levers in - PLYMBRIDGE ROAD, ESTOVER,
bright chrome or sgven-colours. They meet ratings up to 2A at 250V ac, s/8/M PLYMOUTH PL6 7PN, ENGLAND.
and with their C.S.A. and U.L. approvals they'Il help you show the flag. TEL: 0752 701155 Telex: 45340 Cables: ARROWHART PLYMOUTH

Arrow switches right across the panel
<! /

U. K. Distributors ITT ELECTRONIC SERVICES HARLOW - 027-96 26777 RENFREWSHIRE -

v5cottish Office . .
13 MURRAY PLACE, STIRLING FK8 10Q Johnstone 23457 LEIGH - Leigh 5211, [2/3 SUTTON COLDFIELD -021-355 4511 BRISTOL - 0272 290125
Telephone : 0786 3823 S.A.S.C.0. LTD. CRAWLEY - 0293 28700 GLASGOW - 041-221 6152/3

JERMYN INDUSTRIES. SEVENOAKS-51174

Overseag Agents in Arabian Gulf, Belgium, Ceylon, Denmar,k,' East Africa, Eire, Finland, France, Greece, Holland, Hong Kong, India, Israel, ltaly, Kuwalt,
Federation of Malaysia, Norway, Philippines, Portugal, Singapore, South Africa, Spain, Sweden, Switzerland, Trinidad and Western Germany.
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or tex,on 50/70 WATT ALL SILICON AMPLIFIER

WITH BUILT-IN 4-WAY MIXER USING F.E.Ts.

s

This is a high fidelity amplifier (0.3% .
intermodulation distortion) using the
circuit of our 100% reliable 100 Watt
Amplifier with its elaborate protection
against short and overload, etc. To
this is allied our latest development of ‘ :
FE.T. Mixer Amplifier, again fully ‘ VORTEXION ' 50/70/F£ T
protected against overload and com- e
pletely free from radio breakthrough.
The mixer is arranged for 2—-30/60 balanced line microphones, 1-HiZ gram input and 1-auxiliary input followed by bass
and treble controls. 100 volt balanced line output or 5/15 Q2 and 100 volt line.
- 50/70 WATT ALL SILICON AMPLIFIER WITH BUILT-IN 5-WAY MIXER USING F.E.T.s.

This is similar to the 4-way version but with 5 inputs and bass cut controls on each of the three low impedance balanced line
microphone stages, and a high impedance (10 meg) gram stage with bass and treble controls plus the usual line or tape
input. All the input stages are protected against overload by back to back low self capacity diodes and all use F.E.T’s for
low noise, low intermodulation distortion and freedom from radio breakthrough. A voltage stabilised supply is used for the
pre-amplifiers making it independent of mains supply fluctuations and other stabilised supply for the driver stages is
arranged to cut off when the output is overloaded or over temperature. The output is 75% efficient and 100V balanced line or
8/16 (2 output are selected by means of a rear panel switch which has a locking plate indicating the output impedance selected.
The mixer section has an additional emitter follower output for driving a slave amplifier, phones or tape recorder, output .3V out
on 600 ohms upwards.

100 WATT ALL SILICON AMPLIFIER. A high quality amplifier with 8 ohms—15 ohms or 100 volt line output
for A.C. Mains. Protection is given for short and open circuit output over driving and over temperature. Input 0.4 V on 100K
ohms.

THE 100 WATT MIXER AMPLIFIER with specification as above is here combined with a 4 channel F.E.T. mixer,
2-30/60 2 balanced microphone inputs, 1-HiZ gram input and 1-auxiliary input with tone controls and mounted in a standard
robust stove enamelled steel case. A stabilised voltage supply feeds the tone controls and pre amps, compensating for a mains
voltage drop of over 25% and the output transistor biasing compensates for a wide range of voltage and temperature. Also

available in rack panel form.

CP50 AMPLIFIER. An all silicon transistor 50 watt amplifier for mains and 12 volt battery operation, charging its own
battery and automatically going to battery if mains fail. Protected inputs, and overload and short circuit protected outputs
for 8 ohms—15 ohms and 100 volt line. Bass and treble controls fitted.

Models available with 1 gram and 2 low mic. inputs, 1 gram and 3 low mic. inputs or 4 low mic. inputs.

200 WATT AMPLIFIER. Can deliver its full audio power at any frequency in the range of 30 ¢/s—20 Kc/s + 1dB.
Less than 0.2% distortion at 1 Kc/s. Can be used to drive mechanical devices for which power is over 120 watt on continuous -
sine wave. Input 1 mW 600 ohms. Output 100-120 V or 200-240 V. Additional matching transformers for other impedances
are available.

Since we have been supplying professional
mixers for 25 years we have delayed the
introduction of solid™ state units until
they were at least as good as their valve
counterparts. (Which will continue where
required.)
F.E.T. MIXERS and PPMs. The various sections of the FET
‘ mixers and BBC type PPM’s have been
performing successfully for several years
in other equipments with complete reli-
ability. The PPM also uses an FET in
its time constant circuit so that polyester
capacitors can- be wused. The response
from the 6002 output (250 source
impedance) is level 20 Hz to over 30 kHz
with. very low intermodulation distortion
to zero level + 12dB. The input signal
voltage range is over twice that of the
valve unit and the noise at least halved.

VORTEXION LIMITED, 257-263 The Broadway, Wimbledon, S.W.19
Telephone: 01-542 2814 and 01-542 6242/3/4 Telegrams: “Vortexion, London S.W.19"
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LOW COS
RC OSCILLATORS
1Hz TO 1MHz

LEVELL

PORTABLE INSTRUMENTS

ANALOGUE

FREQUENCY 1Hzto 1MHzin 12ranges. Acc. 4 2%
+0.03Hz.

7V r.m.s.downto <200pV with Rs

= 600Q

<0.1%to 5V, «<0.2% at 7V from 10Hz
to 100kHz.

SQUARE OUTPUT 7V peak downto <200uV. Rise time
<150nS. :

> 1V r.m.s. sine in phase with output.
+1% freq. lock range per voltr.m.s.
input.

0/2V,0/7V & —14/+46dBm.on
TG200M & DM only.

77 highx 101" x 53" deep. 10 ibs.

SINE OUTPUT
DISTORTION

SYNC. OUTPUT
SYNC. INPUT

METER SCALES
SIZE & WEIGHT
TG200 TG200D TG200M  TG200DM

f42 f£45 f£52 £5h5

Sine O/P

-+ meter. + meter.

Sme&Sq O/P. Sine O/P Sine & $q.0/P

VISIT US ON STAND D24 AT THE
LEEDS ELECTRONICS EXHIBITION JULY 3-5

NOTE: All prices squect to V.AT.

DIGITAL

FREQUENCY 0.2Hzto 1.22MHz on four decade
controls.

40.02Hz below 6Hz

+0.3% from 6Hz to 100kHz

+1% from 100kHz to 300 kHz

+3% above 300 kHz.

5V r.m.s. down to 30uV with Rs=600Q
<0.15% from 15Hz to 15 kHz.

<0.5% at 1.5Hz and 150kHz.

2 Expanded voltage & —2/-+4+4dBm."
7” high x 10%” wide x 7” deep. 12 Ibs.

ACCURACY

SINE QUTPUT
DISTORTION

METER SCALES
SIZE & WEIGHT

TG66B

£120

Batteries only.

TG66A

£150

Mains unit &
batteriesincl

Prices include batteries with 400 hour life.

Mains power units £10 extra. Leather cases £6 extra.

‘Send for literature covering our full range of portable instruments.

LEVELL ELECTRONICS LTD. F/57 Si5iosg/sassese ™ ©°°
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Wherever they are.

Two hundred feet up on a building
site. At the far point of a security
patrol. In the middle of .a cliff
rescue. In situations like these,
Dymar personal radiotelephones
provide a vital link.

Essential personnel are in touch at
all times. Help is always at hand.
Important messages are not
missed. .

Specify Dymar personal RT and

you specify reliable VHF (AM or
FM) circuitry in rugged, weather-
proof diecast aluminium cases.
With single or two-frequency sim-
plex, three channel operation,
there's a choice of aerials and a
choice of rechargeable batteries.
A range of accessories is available,
including  multi-point  battery
chargers, carrying cases and head
sets to fitindustrial helmets.

Wireless World, July 1973

There are intrinsically safe versions
for use in dangerous environments,
like oil refineries. There are marine
as well as land types. There's even
a high power version that can be
attached to a vehicle aerial and
used as a mobile set. :

A lot of people keep in touch with
Dymar — police, security organisa-
tions, construction crews, main-
tenance gangs and members of
HM Coastguard.

For more information, use the
Reader Enquiry Service, or contact
Dymar direct.

the name in radiotelephones

Dymar Electronics Limited Colonial Way Radlett Road Watford Hertfordshire WD2 4LA. Tel : Watford 21297. Telex: 923035, Cables: Dymar Watfurd
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- audix

SOUND SYSTEMS AND ELECTRONICS

The MXT-200 is the latest addition to the range of modular
audio mixing units available from Audix for public
address, theatre, broadcast and recording studio
applications. Designed for either mono or stereo working
the MXT-200 incorporates high and low frequency filtering
per channel as well as overall treble and bass tone
controls. A pre-fade listen miniature toggle switch is fitted
to all plug-in channels; the maximum number of inputs
being 16. The wide choice of modules including

output routing, monitoring facilities, P.P.M. or V.U.
metering units can be fitted within rack mounting or free
standing cabinets.

. MANUFACTURERS OF AUDIX BB LIMITED

SOUND SYSTEMS AND STANSTED - ESSEX
ELECTRONICS TELEPHONE: STANSTED 3132/3437 (STD 027-971)
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Our
message

Isclear-

¥ Redifon Telecommunications Ltd, formed
less than two years ago, is rapidly finding
its place in the front ranks of the world’s
telecommunications industry,

* You will find our radio communication ,
equipments and navigational aids in use on
land and sea all over the world. We export
over 60% of our output and we are constantly
endeavouring to improve the performance
which makes this possible. .

% We thank ali our staff for their efforts.
The honour of the Queen’s Award to Industry
is their achievement,

1973

The Redifon Omega Navigator, one of the company’s new
products. It enables vessels to fix their position accurately,
regardless of weather, at all times and anywhere on the world’s
surface.

Redifon Telecommunications Ltd,
Broomhill Road, London, SW18 4JQ
Telephone: 01-874 7281 Telex: 264029

* A member of the Rediffusion organisation

' R_eifonTeIecommunications Limited
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is!

Our two new ranges of 75 ohm TV dlstrlbutlon 7
cables are now made on an extrusion line unique in

‘Western Europe.

We're one of the most technologically advanced cable manufacturers, using new
techniques to produce TV distribution cables at a consistently high.standard to tolerances
much closer than previously possible. At very competitive prices.

Aerialite will specially
manufacture TV distribution
cables for any special TV
application—also, you can
make use of the Aerialite
free technical advisory
service to help you in the
selection and application of
distribution cables.

The two ranges:

Aeraxial Semi Air Spaced

Polyethylene dielectric copper
taped braided and polythene

sheathed television distribution
cables. Five cables in the range,
with inner conductor sizes from
1.27 mm to 3.05 mm.

Solid Polyethylene dielectric
copper taped and polyethylene
sheathed television distribution.
cables. Five cables in the range,
with inner conductor sizes from
0.73 mm to 3.65 mm.

For further information, send for
Aerialite’s new publication

L giving full technical
specifications of the latest range
of TV Distribution Cables.

To Aerialite Cables Limited: '

Please send me your brochure

| |
Aerlall entitled Aerialite Television Distribution Cables.
_ | I NAME

Aerialite Cables Limited, POSITION

Castle Works,

Stalybridge, Cheshire SK15 2BS. . COMPANY
" Telephone: 061-338 2223
Cables: Aercables, Stalybridge. - ADDRESS
Telex: 669902
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Collect Wireless World Circards.
And build a valuable dossier on
circult design. .oy,

engineers and enthusiasts with valuable and.
up-to-the-minute data on circuit design. Data not
available from any other single source.

Each Circard is 8” x 5" and shows a specific
circuit, a description of the circuit operation;
component values and ranges ; circuit limitations ;
circuit modifications ; tested circuits;
performance data and graphs.

The double-sided format enables the Circard to
be filed in standard boxes for easy reference.

And the plastic wallet provided keeps the cards
well-protected.

Each set of circards costs £1 (£1.15 overseas).

A subscription to Nos. 6-15 costs £9 (£10.50
overseas) — sets published monthly.

Start your personal dossier on circuit design
by completing and returmng the coupon below.

To: J. Rider, Wireless World, IPC Business Press
Limited, Sundry Sales Dept, 33 Bowling Green Lane,
London, ECIR oNE.

Please send me setno(s)........... @
£1(£1.150/s)each []*

I wish to subscribe to set Nos. 6-15 @

Subjects already covered by Circard.

1. Basic Active Filters. 2. Switching circuits:
Comparators and Schmitts.

3. Waveform Generators. 4. AC Measurements.
5. Audio Circuits : preamplifiers, mixers, filters
and tone controls.

Subjects to be published during the year.

*
6. Power Amplifiers. 7. Constant Current circuits. £9 (£10.500/5) L]
8. Opto-electronics. 9. Basic Logic Gate circuits. { enclose cheque/money order for £................
10. Astables. 11. Micropower circuits. Tick as required
12. Wideband Amplifiers. 13. Alarm circuits. Name
14. Pulse Modulators. 15. Digital counters.
Address

Company registered in England. Registered address,
Dorset House, Stamford Street, SEx 9L U England
Registered Number 677128

\\d_--—-—__—-—--.——-.-
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Westinghouse TV
colour tubes

guarantee purity

in both colour
and black & white

Today's Westinghouse
Electric colour tubes, in
addition to offering recognised
excellence of colour definition,
have white field purity. . .vitally
important to reception of black
and white transmission.

Two 67 cmdiagonal versions
These improved Westinghouse
tubes are made availableintwo
configurations — the standard
90° and the 10cm shorter pro-
file wide-neck 110° version. ..
permitting their compatibility
to the needs of the larger por-
tion of European TV set manu-
facturers. -

Expanded European facilities
Pacing the growing demand in
Europe for Westinghouse tubes,
we have made a permanent
commitment to fully support
our customer. = With trained
technical sales personnel in
major European cities. m With

warehousing and testing facili-
ties in Kassel, W.Germany and
Le Mans, France. m With asus-
taining European oriented R&D
programme. '

Customer oriented

In these ways—compatible pro-
duct availability—outstanding
development facilities—local
technical assistance. . Westing-
house Electric respond to dy-

The110° @ A67-140XTV colour tube is10 cm
shorter in profile than the 90° & A67-120X
. . .both offer superb colour definition as
well as white field purity for black & white.

WW—015 FOR FURTHER DETAILS

namic customer require-
ments — here in Europe and
throughout the world.

Westinghouse Electric S.A.
1 Curfew Yard, Thames Street
Windsor Berks.Phone Windsor
63392. Telex 847069.

GENEVA FRANKFURT LONDON
MILAN PARIS STOCKHOLM

@)

Westinghouse Electric
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— a new concept!

The modular concept of the Farnell rf signal generator offers you important
benefits . . . :

You need no longer buy facilities you don’t require. And yet, should your needs
change later, you can adapt the system and avoid the cost of a complete
replacement instrument. Your costs are kept down and your requirements are
met . . . precisely. ’

Features include:
@® Choice of oscillator modules

100 kHz to 10 MHz
10 MHz to 100 MHz
10 MHz to 500 MHz .
450 MHz to 1.5 GHZ} later this year

Attenuator module

Calibrator module/marker generator

AM/FM modulation

Sweep generators

Manual or programmable operation

.. .‘. For details of all Farnell r.f. test equipment please contact:

9) Furmell

TELECOMMUNICATIONS DIVISION

FARNELL INSTRUMENTS LIMITED - SANDBECK WAY - WETHERBY - YORKSHIRE LS22 4DH TELEPHONE 0937-3541 " TELEX 557294
LONDON OFFICE: TELEPHONE 01-802 5359
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Made in Britain by Gardners...

. First of a new range of all-British miniature
encapsulated power supplies, the Minimod series
is designed and manufactured by Gardners to
provide reliable, regulated power supplies in a
neat pack designed to plug into your P.C. board.
Minimod simplifies development or production of
equipment by providing power where you need it.

Minimod provides a choice of a standard

5 volt output (available up to 1 Amp) for digital
circuits or 12-0-12 or 15-0-15 volts for

linear circuits, using a 230 volt input.

Each unit is fully stabilised with fold back.
current limiting, and in the case of 5 volt units,
over voltage crowbar is provided . . .

Ask Gardners to tell you more about Minimod.
Standard or special models can be supplied.

@rd r\eE)

Specialists in Electronic Transformers and Power Supplies -

GARDNERS \

TRANSFORMERS LIMITED

Gardners Transformers Limited, Christchurch, Hampshire BH23 3PN
Telephone 02-015 2284 Telex 41276 Gardners XCH

WW-—017 FOR FURTHER DETAILS
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3009 v 3009/S.2

The non-detachable shell of the Model 3009 Series Il improved
precision pick-up arm is something of a break with tradition.
Perhaps this is why it is viewed with suspicion by those who
are unaware of the advantage it offers.

The availability of cartridges with interchangeable stylus
assemblies covering all record requirements and stylus cleaning,
allows the choice of a single fixed unit and concentration on
the more important considerations affecting its use.

Intended for the best modern cartridges the standard Model
3009 has an effective mass of only 5-5 grams, offeringsignifi-
cant improvement in trackability and all round definition plus
cleaner bass and low sensitivity to external shock and feedback.

These are the things you will notice when you listen to your
records but if a detachable shell means more in your life, use the
. Model 3009/S.2, it's the next best but its effective mass is 4
grams higher.

Write to SME Limited - Steyning - Sussex - England
Telephone : Steyning (0903) 814321

=S M=

The best pick-up arm in the world

LTD/SI

1
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The TM60

tests circuit boards,

al7

sub-assemblies, cableforms

and cash flow

The Wayne Kerr Testmatic TM 60 For all the technical data, and further
can scan up to 60 test points on a circuit in information on the TM 60, please fill in the
about six seconds. Fault-finding by other coupon below. It could well be the first step
means costs skilled time—realistically about  in saving your company enormous sums

£1 per faulty circuit board. of money.
But the TM 60 can be worked by Or quicker still, call us on Bognor Regis
assembly staff and this resultsin early fault ~ (02433) 4501.
location. By cutting the time between an : .
error and subsequent rejection, productivity F========================= 1
is increased and cash flow improved. P For information please fill in and post: I
The modest cost of the Testmatic can be | For the attention of Mr :
fully recovered in the first few weeks of use. 1 Company Name 1
] ; and Address :
| |
WAYN E KERR : Post to Wayne Kerr (TM 60), Durban Road, :
A member of the Wilmot Breeden group 1 Bognor Regis, Sussex PO22 9RL ww.July 1
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An Avo Electronic

multimeterat half the
price you expect.

The all-newAvo EM272.

The new Avo EM272 pocket multimeter gives you
performance that would normally cost £50. For just
£25 UK trade.

It gives 316 kQ/V inputimpedance at an accuracy
you won't find elsewhere at the price— +2.5% f.s.d.
on most voltage ranges. :

It has 39 ranges: 20 on voltage, 14 on currentand
5 on resistance. ) o

Its circuitry achieves maximum reliability by
combining printed circuit shunts with thick
film modules.

And it has a robust centre-pole movement that
takes knocks you'd hate to give it.

You need the best multimeter you can get
at the price.

Thisisit.

Avo Limited, Dover, Kent.

_ R
| _L_Telephone: Dover (0304) 202620 Avo :
ie:  THORN Thorn Measurement, Control and Automation Division. 0
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Put FieldTech on your panel

Pinel mounting indicator ights switchees and knobs

Now from FieldTech. A whole
range of panel components
designed to cover every design
situation. There is a wide selection
of indicator lights including
incandescent and neon types, as
well as Minilamps — the brightest
idea yet in low voltage indicator

“lamps. Switches by the hundred,

including toggle, push button,
see-saw and slide types. As well as

Minomushi clip and binding posts.
All at really competitive prices.
Precision engineered knobs of all
kinds, ranging through dimmer
controls and skirted knobs and dials
to servo clamps afid locking dials.
Put FieldTech on your panel of
experts, and you'll get components
that are right for availability, right
for quality and right for price.
Complete the coupon and we'll

WW—021 FOR FURTHER DETAILS

send you all the information you
need to play the panel game
successfully.

To: FieldTech Limited, London Airpdrt—l

(Heathrow), Hounslow, TW6 1BR I

Telephone: 01-759 2811

NAME I
| AbDRESS . |
| ww/7/73|

| FisldTach Ltd
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Solve that tough
statistical problem
fast...without

a computer!

Get yourselfa
copy of this book.

Just.one word precisely describes this
book ... NECESSARY. Here are quick,
accurate short-cuts for solving statisti-
cal problems without a computer, and
without complicated mathematical
computations. Precise
and complete, a real
“desk-top” tool for the
practical engineer, re-

1. INTRODUCTION
General Terminologg .
Terminology Related to Variables
o to Attributes « An-Qutline of
the Contents

2. THE TECHNICAL DECISION
Terminology of Technical Decisions
* Common Sense of Experimenta-

. tion o Human Parts of the Decisions
search ex perimenter, 3, GENERALITIES OF EXPERIMENTS
. Expﬁr.{gnce amjr Reasea%cg o Sets l;f
onditions e s of Experiments
marketing manager,  Gonditons - Types of Exp

4. EXPERIMENTAL DATA

A Single Measurement ¢ Pairs of
Values or Results ¢ Groups of
Data or Values e Rounding of
Data » Presentation of Data

5. BIAS AND PREJUDICE
Definition » Examples
Conclusion on Bias

6. THE PRINCIPLE OF
RANDOMIZAT {ON

financial executive or
laboratory scientist.
Published

August 1971,

7. PLANNING OF EXPERIMENTS
Randomized Order with Replicates

« Replication o without Replication o
Features of Various Plans of Experiments
« Some Larger Latin Squares e
Incomplete Experimental Blocks e
Othier Incomplete Plans

8. ANALYSIS OF EXPERIMENTAL DATA
What do the Results Mean? ' Sigma e
Results with Normal Distribution e
Effect of Sample Size o Graphical
Procedures Using Probability Paper o
Mathematical Procedures for Sigma o
Sigma with Incomplete Data on any
Specific Sample o Limits of Uncertainty of
Observed Average * of Observed Sigma o
Uncertainty Versus Sample Size Plotted
Graphically e The Graphical Piot
in Relation to Tolerance or Specification

Range (R) of Observations. Quick,Easy, Dirty

Preliminary Analysis of Extensive Data

9. COMPARISON OF TWO SETS OF DATA
FOR SIGNIFICANT DIFFERENCES

TABLE OF CONTENTS

10. COMPARISON OF PRECISIONS
OF TWO SETS OF MEASUREMENTS
The F Test
Variance « The Variance Ratio (the
F Test) o Analysis of Variance o
Short Cuts in Calculations for
Variance and Analysis of Variance
o Interaction Studied by Analysis
of Variance « Sample Size for
Estimation of Variance and Sigma

11. COMPARISON OF TWO SETS
WITH DEFECTIVES FOR SIGNIFICANT
DIFFERENCES. COMPARISON WITH
ATTRIBUTES
By Graphical Procedures « Sample
Size » Average, Sigma, and Range for
Average for Attributes o Tests for Sig—
nificant Differences for Attributes Using
Large Sample « The Chi-Square (x2)
12. THE QUALITY EVALUATION
OF PRODUCTION LOTS
Construction of Operating Characteristic
Curves « Interpretation o Sequential
Sampling ¢ The Sample Size (n) for

Definition of Randomness e Trend
Statistical Control e Effect of Change
in'Value of a Variabie « Summary e
Attainment of Randomness

The Simple Case » The Graphical Procedure
Determination Whether there are Sufficent
Data for Establishment of Significant Differ-
ences « The t Test » Degrees of Freedom (df)

Quality Evaluation e Recommended
Procedure for-Determining Sample
Size for Attributes for Quality
Evaluation A Practical Example

235 pages.

Return form to: | BOOK ORDER FORM :
Wireless World, | Please send me .... copy(ies) of SIMPLIFIED S'l_'A']'ISTICAL ANALYSIS @ £6.20 (incl. |
Room 23 | p/p). If | am not satisfied, | may return the book(s) within 7 days and owe nothing. - |
Dorset House, I I enclose chequé/money order for £.......... made payable to BUSINESS BOOK CENTRE |
Stamford Street, | LTD., OR please bill me/my company later. : I
London, SE1 SLU l |
England. : NBIME 4ottt et e a e et et .. I
: e [ 1Y P A S :
WirelossWorldispublishedby |« e v et i eeeite e ee e e e et e e e et ettt e |
I.LP.C. Electrical Electronic - I I
Press. Registered Address:
Dorset House, Stamford |  SigNatUre ....eueevnivueeeanrenrvenrenaiensonaennes 1 S i
Street, London, SE1 9LU I
England. Registered  No. l -
677128. I This publication is currently zero rated for the purpose of V.A.T. W.Ww. |
- — i —— —— ————— ————— oo}
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Eddystone Radi

Golden Jubilee Year1923-1973

Economy! Simplicity! Reliability!
1830 Series C.W, M.C.W, A.,M, SSB Crystal controlled

Transistorized HF/MF
general purpose receiver

120 kHz — 30 MHz in 9 ranges
Rack mounting as standard

Cabinet optional extra
AC or battery operation

British MPT approved as
ships reserve receiver

Hlustrated brochure from:

Eddystone Radio Limited
Alvechurch Road, Birmingham B31 3PP. Tel: 021-475 2231. Telex 337081.

A member of Marconi Communication Systems Ltd LTD/ED105

WW—023 FOR FURTHER DETAILS

NEW STANDARD CASES from OLSON

NEW SERVICE FROM STOCK — DESPATCHED BY RETURN OF POST

Cases made from
20swg. zinc coated
m/s. Front & rear
panels 16swg. alum-
inium. Cases finished
in Olive green ham-
mertone with front
panels in light straw
shade 384. All cases
fitted with ventilated
rear panels "and a

TYPE | WIDTH | HEIGHT | DEPTH FRONT PAN DIM. | PRICE | LEGEXTRA very attractive
T - - chrome plated re-

2! ik h i 67x4" £2.65 60p tractable leg can be

22 81" 51" 51" 8" x5" £3.00 60p fitted as an optional

23 | 103" 63" 63" 10"x6” £3.60 65p extra.

24 | 124" 13" 11" 12"x7" £3.90 " 65p

Qur Trade Counter is open for personal callers from 3 a.m. to 5.30 p.m. Monday-Friday
POSTAGE EXTRA + 10% V.A.T.

OLSON ELECTRONICS LTD., FACTORY NO. 8, 5-7 LONG ST., LONDON E2 8HJ. TEL: 01-738 2343

WW-—024 FOR FURTHER DETAILS
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Tate 4-channel equipment decodes all quadraphonic
matrix records and broadcasts and adds dimensional
realismto ordinary stereo programme sources. It also
controls 4-channel tapes when played through your
system and CD-4** records when used with a
separate demodulator.

They are characterized by their ultra low distortion
characteristics and six-pole wideband phase shift
networks.These combine to produce an acoustic
performance giving highly articulate sounds from the
back as well as the front channels.The amplitude
accuracy is betterthan +1dB from 5Hz to 100KHz.

High definition SQ* quadraphonic decoder
Fully built home constructor module

features: exclusive wide band phase shift net-
work; distortion typically 0.04%. Ideal for use
with other kit projects and even with the world’s
finest amplifiers.

Recommended retail price (excluding VAT ) £12-95
Dimensions: 85x60x25mm

Operating Voltages: 18—30VDC at 11ma

High definition SQ* quadraphonic decoder
Fully built home constructor module

featuring wide band matrix decoding circuit
board with integrated power supply, switching,
master gain and exclusive rear level control.
Recommended retail price (excluding VAT ) £21-:95
Dimensions: 165x140x26mm

Operating Voltages : 110-240VAC at 3watts

Specifications The only way to really understand the difference

Input Impedance 40KOhms between ordinary stereo and SQ Quadraphonic sound

Output Impedance <3000hms isto hear it. However, if you remember the difference

Phase Shift Network 9010 20Hz—18KHz  Petween mono and stereo upon hearing itforthe first

Nominal Gai - Onit time, multiply the recollection of that experience by a
ominal aain nity factor of ten and you will be able to appreciate what s

Frequency Response +1dB 5Hz~100KHz i, store for you when you first hear SQ Quadraphonic

Nominal Input Level 250mVrms “sound.

Nominal Distortion 0-025% R ——

Clipping Point 2-5Vrms 1 Pleasesend [tate2 at£14.25each (including VAT)

Distortion before Clipping ' 0-08% max. Utate4 at£24.15 each (including VAT)

Front Separation >60dB lenclose cash/cheque/money order

Rear Separation ’ >20dB

Name (BLOCK LETTERS)

Tate Audio Transmission Equipment Limited
5-7 Covent Garden Cambridge CB12HS England
Telephone 0223 67873 Telex 81640

Registered in London No. 1059684
*TM CBS Inc. **TM Victor Japan Rt e o s o e e e e e e s o o o e e o e

Address

b e d
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Get to grips
with your problem
by using WCL
electrolytic
capacitors

IO

resonant
reed

GAT, 4906

280 400 420

FREQUENGY |[\[3[1;]
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FREQUENCY METER

RO HR dOLTE

[

¥ cycLes &

§n

used as standards in many industries

@ Accurate to +0.3% or +0.1% as
specified

@ Not sensitive to voltage or temperature

changes, within wide limits

@ Unaffected by waveform errors, load,

power factor or phase shift

@ Operational on A.C., pulsating or
interrupted D.C., and superimposed
. circuits

@ Need only low input power
@ Compact and self-contained
@ Rugged and dependable

FRAHM Resonant Reed
Frequency Meters are available
in plastic and hermetically
sealed cases to British and
U.S. Government approved
specification. Ranges

10-1700 Hz. Literature on
these meters and Frahm
Resonant Reed Tachometers
available on request.
Manufacture and Distribution
of Electrical Measuring
Instruments and Electronic
Equipment. The largest stocks
in the U.K. for off-the-shelf delivery.

BLORE-BARTON LTD
Reedham House
Burnham Bucks
telephone Burnham 5524
telex 847322

WW—026 FOR FURTHER DETAILS

ANDERS ELECTROMICS LIMITED

48/56 Bayham Place, Bayham Street,
Anders means meters  London NWi. Tel: 01-387 9092

WW-—027 FOR FURTHER DETAILS

RESISTANCE BOXES

TYPE RBB

A range of robust resistance decades for use in AC
or DC networks and measuring systems. They all
incorporate the “CROPICO” type SP1 low contact
resistance switch and the coils are wound in
“Manganin”. Standard models are available from
stock with 1, 4, 5 or 6 dials.

ACCURACY

+ 0.1% at the full rated current
Temperature Co-efficient
20 p p m per Degree C

Range

0.000 1 ohmto 10 Megohms

Request full details from:

CROYDON PRECISION INSTRUMENT COMPANY

Hampton Road, CROYDON (Postal Code: CR9 2RU)
Telephone: 01-684 4025 and 4094

WW—028 FOR FURTHER DETAILS
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nombrex

MODEL 40
WIDE RANGE AUDIO GENERATOR

* 4 RANGES, 10 Hz—100 KHz.

* SINE AND SQUARE WAVE OUTPUT.
* DUAL CALIBRATED ATTENUATOR.
% STABILIZED OUTPUT LEVEL 1 V.

Trade and Export enquiries welcome
Send for full technical leaflets
Post and Packing 35p per unit

NOMBREX (1969) LTD., EXMOUTH, DEVON.
Tel: 03-952 3515

]
WW—029 FOR FURTHER DETAILS
VW NVW

PRODUCTION TESTING

POWER UNITS

NOW AVAILABLE WITH 3
VARIABLE OUTPUTS

DEVELOPMENT

SERVICING

EDUCATION

Type VRU/30/25 — £158.80

Input 200-250V. 50Hz
or 100-120V. 60Hz to order
Output 1:0-30V, 25A. D.C.

Output 2:0-70V. 10a. A.C.
Output 3:0-250V. 4A. A.C.

%
|
:

QOther units are also available
with outputs of:

-60V 12A. ) .
091620V BA. ALL CONTINUOUSLY
0-240V 3A.

VARIABLE

SEND FOR FURTHER DETAILS
~ OF THESE VERSATILE UNITS TO

R .
Val"c.dlo LIMITED, BROWELLS LANE,

FELTHAM, TW13 7EN, MIDDLESEX.
TELEPHONE 01890 4242

WW—030 FOR FURTHER DETAILS

pay? “New

could be the

MECHANICAL
A.M.S.E. (Mech)
C & G Eng. Crafts.
C &G Fabrication
Diesel Eng,

Inst. Motor ind.
Maintenance Eng
Mechanical Eng.
Sheet Metal Work
Weiding
ELECTRICAL &
ELECTRONIC

C&GElec. Eng.
C &G Elec. Inst.
C & G Elec. Tech.
Computer Elec.
Electronic Eng.
Electrical Eng.
Install. & Wiring
MANAGEMENT &
PRODUCTION
Computer Prog.
Electronic Data
. Processing
Estimating
Foremanship
Inst. Cost & Man.
Accountants
Inst. Marketing
Management
Motor Trade Man,
Network Planning
Personnel Man.
Production Eng.
Quality Control
Salesmanghip
Storekeeping

Coaching for many
wIvL Five

NAME

Inst. Eng. & Tech. (]

AMS.E. (Elec.) (]

SEND FOR
YOUR FREE
BOOK NOW!
BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY
BIET| DEPT. swwosALDERMASTON COURT, READING RG7 4PF

a23

The B.I.LE.T. guide to success

should be read by every ambitious engineer.
Do you want promotion, a better job, higher

Opportunities” shows you how to

get them through a low-costB.I.E.T home study
course . There are no books to buy and you can
pay-as-you-learn.

Send for this helpful 76 page FREE book now.
No obligation and nobody will call on you. It

best thing you ever did.

ERMEECUT OUT THIS COUPONEE IR

CHOOSEA NEW FUTURE NOW!

Tick or state subject of interest. Post to address below.

chtsstudy 0 CONgTRUCTIOHAI.
A.M.S.E. (Civil
Management [] Arqhi@ectl(lre )
DRAUGHTSMAN. ~ Building
SHIP Carpentry & Joinery
AM.LE.D Civil& Municipal Eng.
[l Eiectrical O Constructional Eng.
O Dra "cﬁt hi Construction
5} coraughtsmanshipL] Surveyors Institute

en.
Draughtsmanship[] ﬁ::ﬂf,"é,’g*

Jig & Tool Design [ .
Technical Drawing (] Hydraulics

inst. of Builders
RADIO & TELE- inst Clerk of Works

[ COMMUNICATIONS Inst. Works &
1 C&G Radio/TV/ Highway Supers.
Electronics (] Painting & ]
] C& G Telecomm. Decorating
Technicians [] Structural Eng.
[} Prac. Rad(io& Ele_::.D Surveying
with kit)
Radio Amateurs GENERAL
Exam. [ Agricultural En%.

Radio Servicing & _ council of Eng. Inst.
o Repairs [] General Education

Transistor Course [] Pract. Slide Rule
L TVMain& Serv. (] Pure &Anphe& at

[ AUTO & AERO
Aero Eng.
0 AMIM.L

(N
0000

L

[

@
0000 0000 000 O O0C oon oy

Refrigeration
l%] gulbbeé Technology
ales engineers
[] A.E.C. Cert. o

rt. [ University Ent.
[] AutoEngineering []

[ Auto Repair Im|

[J C&GAutoEng. (]
] Garage

g Management (]
[L] MAA/IMI Diploma []
[ Motor Vehicle

0 Mechanics (J

major exams. including C- & G. and also assistance in

GCE 580 &‘A’
LEVEL SUBJECTS
Over 10,000
Group Passes

QL I BWWO6 | l

BLOCK CAPITALS PLEASE
ADDRESS

OTHER SUBJECTS

r

-

Accredited by the Council for the Accreditation of Correspondence Colleges.
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From Goldring. | X
New support for the belief that what goes into

a record ought to come out of it.

The Theory is perfectly simple.

A good cartridge should take from a record all the
subtle shades of original sound that are stored there,
and re-create them for your enjoyment.

The Practice is a little more difficult.

Now Goldring bring the ideal closer with the new
820 series.

A brand new family of cartridges that builds on the
advances already achieved by the Goldring 800 series.
Providing cartridges that are not only capable of making
the most of all that good recording can offer now, but
have the capacity to keep pace with new developments
in the art of quality recordings.

The 820 series retains the true transparency of
sound and the true transduction techniques of

It brings advances in every aspect of design.

The small low-mass diamond pointwhichis
mounted on a new type of specially polished lightweight
aluminium tube, combined with the new visco-elastic
material used for the pivot pad, makes for greater
tracking ability.

A special ‘tie wire’ minimises fore and aft sty.us
movement, reducing non-linear distortion to a minimum.

The total effect is a cartridge that, other equipment
being equal, can narrow almost to vanishing point the
difference between the original recording and the sound
that comes out of your speakers. )

There are three models in the range. The 820 with
spherical stylus. The 820E and 820 Super E, both with
bi-radial styli. Write for details and full specifications.

earlier designs. And satisfy yourself that ‘what goes in comes out’.

The 820 -one of
the modelsin
the new range.
Performance
characteristics:
Sensitivity @

5 cm/sec-1Khz:dmV,
Separation @

1 Khz:20dB.
Recommended playing wt.
2 grammes.

Stylus point radius: ©0006” 15y,
Frequency range: 20hz-20Khz,

The new 820 series
The experts cartridge by Goldring ©

Gioldring Limited, 10 Bayford Street, Hackney, London E8 3SE. Tel: 01-985 1152
WW-—031 FOR FURTHER DETAILS

‘W.W.’ DIGITAL MULTIMETER

(D. E. O’'N. Waddington, March 1973)
LIST OF PARTS NOW AVAILABLE

Audio Connectors

Broadcast pattern jackfields, jackcords,
plugs and jacks

Quick disconnect microphone connectors
Amphenol (Tuchel) miniature connectors
with coupling nut :
Hirschmann Banana plugs and test probes
XLR compatible in-line attenuators and
reversers

Low cost slider faders by Ruf

: Please send a stamp
We will also include our illustrated lists of other
components ol

CAVERN ELECTRONICS
29 CLAREFIELD ROAD, LEICESTER LE3 6FB
Tel.: Leicester (0533) 857223
(Mail Order only)

Future Film Developments Ltd.
90 Wardour Street,
London W1V 3LE

01- 437 1892/3
WW—033 FOR FURTHER DETAILS

Teonex are better known abroad...
because we don’t sell in the U.K.

Electronic valves (a really comprehensive range), semi-conductors
(a wide variety), integrated circuits . . . and now, a comprehensive
range of Hybrid Microcircuits. Prices on request. -

Teonex offers more than 3,000 devices.
They are competitively priced and they are superlative in performance, because the company
imposes strict quality control. Teonex concentrates entirely on export and now operates in more
than sixty countries, on Government or private contract. All popular types in the Teonex range
are nearly always available for immediate delivery. Write now for technical specifications and
prices to Teonex Limited, 2a Westbourne Grove Mews, London W11 2RY, England.
Cables: Tosuply London W11. Telex: 262256

WW—032 FOR FURTHER DETAILS

| for Teonexport only

Electronic Valves + Semi Conductors

WW—034 FOR FURTHER DETAILS



Wireless World, July 1973 " a2s

New, reliable shortcut to solving
electronics problems offering
greater-than-slide-rule accuracy!
Use these practical, straightfor-
ward linear graphs as your own
“desk-top computer’ to work out
engineering problems.

Designed for immediate applica-
tion, nomographs are the ideal
tool for electronics engineers,
circuit/systems designers,
technicians and engineering
management — or as a teaching
aid for electronics students.

Apprbx. 300 p-p.

Table of Contents:

. Ac and Dc Networks and Basic
Parameters

. Transistors and Tubes
. Time Dependency

. Magnetic Design BOOK ORDER FORM

-+ Lontrol Systems and Response Please send me .. . copy(ies) of NOMOGRAPHS FOR ELECTRONICS
. Heat - @ £11.25 (incl. p/p). if | am not satisfied, | may return the book(s)
. Capacitors within 7 days and owe nothing.

. Delay Lines I enclose cheque/money order for £ _ made payable to
. Filters BUSINESS BOOK CENTRE LTD. OR please bill me/my company later.

. Inductors and Solenoids
. Relays
. Motors and Generators

Return form to: Wireless World, Room 23,
- Dorset House, Stamford Street, London SE1
9LU, England.

Wireless World is published by 1.P.C. Electrical Electronic Signature
Press. Registered Address: Dorset House, Stamford Street, }
London, SE1 9LU, England. Registered No. 677128. This publication is currently zero rated for the purpose of V.A.T.




a26

TTLE
INDER

THE MINITEST
IS PREFERRED

The SEI MINITEST has made a remarkable impact in the
pocket-sized multi-range meter market, by making itself
a firm favourite with discerning people in the industry.
Let's look into the reasons why.

First,the appearance. Diminutive, neat, wipe-clean
cycolac case with shock and magnetic field proof steel
liner. Controls are simple and easy to use.
Second, the range. The Minitest
measures a.c. and d.c. voltages d.c.
current and resistance over 20 ranges

to a sensitivity of 20,000 and 2,000
ohms per volt d.c. and a.c. respectively.
Third, high voltage probes. These

extend the range to 25 or 30kV d.c.

Little wonder the Minitest is preferred!

SALFORD ELECTRICAL
INSTRUMENTS LTD

Peel Works, Barton Lane, Eccles,
Manchester M30 OHL.

Telephone: 061-789 5081. Telex: 667711,
A member company of GEC Electrical
Components Ltd.

(®=1) (280)

WW-—035 FOR FURTHER DETAILS
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BIASELECTRONICS

B E1 000 PRGFESSIONALRECOﬁDER

The BE1000 is a lot of tape recorder and yet does not
cost a lot of money. Designed and manufactured in
London it combines rugged robust construction with ease
of operation and outstanding performance.
Compare its specification and facilities with machines
costing hundreds of pounds more. We have a sales and
service network throughout Europe.
Just ask for a demonstration and judge for yourselif.

Phone or write to

BIAS ELECTRONICS LTD. 01-947 3121

UNIT 8 COOMBE TRADING ESTATE
112-120 COOMBE LANE, LONDON SW20 OBA.

WW—036 FOR FURTHER DETAILS

- (OzpzRT |
WORKPOSITIONERS-300 SERIES

Colbert Pana-Vise WORK
POSITIONERS .are specially designed
to quickly and easily achieve the
most CONVENIENT, COMFORTABLE *
and TIME-SAVING work pesition.
Available with vacuum clamp or
screw-on base. They can be
ROTATED, TIPPED, TILTED,
Distributors:

Special Products Distributors Limited

81 Piccadilly, London, W1V OHL. Tel: 01-629 9556
Cables: Speciprod London
(made in U.S.A.)

ANGLED, ELEVATED, LOWERED.
The required work position is firmly
secured with a patented ONE KNOB
CONTROL, a unique feature of
COLBERT POSITIONERS.

A series of special holders is
available for various types of work..
Full details available on request.

WW-—037 FOR FURTHER DETAILS
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CONTRACTORS.TO H.M. GOVT. P.O. APPROVED

REPAIRS

7-14 DAYS SERVICE

TO SOLVE YOUR INSTRUMENT PROBLEMS
CONTACT

OF ELECTRICAL
MEASURING
INSTRUMENTS

Industrial and Precision Grade

MODEL 8 MK. V

LEDON INSTRUMENTS LTD.

76-78 DEPTFORD HIGH STREET,
LONDON, SE8. TEL: 01-692 2689

STOCKISTS
ALSO SUPPLIERS OF GEC
RISSO AND OTHER .
MULTI-RANGE TEST SETS
GLADSTONE WORKS, GLADSTONE ROAD,

FOLKESTONE, KENT. TEL: (STD) 0303 57555

WW-—038 FOR FURTHER DETAILS

J ES AUDIO INSTRUMENTATION

Mkﬂ‘(w Somesking

Mustrated the Si452
Distortion Measuring Unit
—low cost distortion
measurement down to
.01% £30.00

Si451 £35.00 1453 £40.00

Comprehensive Millivoltmeter  Low distortion Oscillator
350u Volts 20 range sine Square RIAA

J. E. SUGDEN & CO., LTD. Tel. Cleckheaton (09762) 2501
CARR STREET, CLECKHEATON, YORKSHIRE.

0 RS

USED THROUGHOUT THE WORLD, SANWA'S
EXPERIENCE OF 30 YEARS ENSURES ACCURACY.
RELIABILITY, VERSATILITY, UNSURPASSED TESTER
PERFORMANCE COMES WITH EVERY SANWA

6 Months' Guarantee Excellent Repair Service
Model P-2-B £6.35 Model AT-45 ' £20.50
Model JP-5D £7.62 Modet 380-CE £20.81
Modetl 360-YTR £10.77 Model N-101 £24.20
Model U-60DX £10.89 Model 460-ED £28.31

Model A-303TRD £14.33 Model EM-800 £69.32

MODEL Model K-30FTHD £16.39 Model R 1000CB £71.69
Model F-80TRD  £17.84 THESE PRICES ARE SUBJECT
U-50DX TO AN ADDITIONAL CHARGE OF 10% FOR V.AT.

Cases extra, available for most meters, but not sold separately.
Please write for illustrated leaflet of these and other specialised Sanwa meters
SOLE IMPORTERS IN UK.

QIIAI.I'I'Y ELECTRONICS LTD.

WW—039 FOR FURTHER DETAILS

47-49 HIGH STREET, KINGSTON-UPON-THAMES, SURREY. KT11LP
Tel:01-546 4585 )

‘WW—040 FOR FURTHER DETAILS

TAYLOR ARE EXPERT AT THE PANEL GAME.

2 3
v el ¢
ot i,

A ,

Clarity range Vista range

MILLIAMPERES

Models 250 and 350 Mode! 55 Models 400 and 500

10 mV to 1000 Vdc (1000 2/V)  10mV to 100V dc 10 mV to 1000 V.de (1000 2/V) 10 mV to 1000 V dc 10 mV to 1000 V dc (1000 o/V)
1024 to 30 A de (1000 o/V) 10uAto 30 Ade (1000 2/V) 101:A t0 30 A de

10 V1o 1000 V ac (1000 2/V) 10uAto 30 Ade 10V to 1000 V ac {1000 /V) 10uAto 30 A de 10V to 1000 V ac (1000 2/V)
50uA to 50 mA ac (to 50 A 10V to 1000 V ac {1000 «/V) 50uA to 50 mA ac (to 50 A 10 V to 1000 V ac (1000 2/V) 50.A to 50 mA ac (to 50 A
with external transformer) 50uA to 50 mA ac (to 50 A with external transformer) 50uAto 50 mA ac (to 50 A with external transformer)

with external transformer)

Q0 | ¢
o 00

TS 300 Y
o X 20 W0 I b,

| o150 200 !
|

wus

with external transformer)

MICROAMPERES

Edgewise range (typical) Fyneline standard range Fyheline Pictureframe Fyneline Wide angle range Mode! 45

50 mV to 400 V dc (1000 2/V) 10 mVto 1600V dc (1006 2/V)  Window range 500 mV to 1000 V dc (1000 2/V) 10 mV to 1600 V dc (1000 2/V)
50uA to 500 mA dc 10u.A to 30A dc 10 mV to 1000 V dc (1000 2/V)  500uA to 50 mA dc 10#At0 30 Ade

10V to 400 V ac (1000 2/V) 10V 10 1000 V ac (1000 2/V) 10uAte 30 Ade 10V to 1000 V ac {1000 o/V) 10V te 1000 V ac (1000 o/V)
50uAto 5 mAac 50Ato 50 mA ac (to 50 A 10V to 1000 V ac (1000 o/V) 500uA to 50 mA ac 50uAto 50 mAac (to 50 A

with external transformer) 50uAto 50 mA ac (to 50 A

L. . o with external transformer)
Sensitivities above 1000 a/V available on application.

with external transformer)

And there are many more.Sowhy not write for the Taylor Panel Meter Catalogue.

THORN Thorn Measurement Control and Automation Division. Taylor Electrical Instruments Ltd, Archcliffe Rd, Dover, Kent CT17 9EN. Tel: Dover (STD 0304) 202620.'”

WW-—041 FOR FURTHER DETAILS




is now available in
the following sizes

10mm, 11Tmm, 12.5mm, 14mm, 15mm,
16mm, 17.5mm, 19mm, 20mm, 21Tmm,
22.5mm, 25mm, 27.5mm, 29mm,
30mm, 3Tmm, 32.5mm, 34mm, 35mm,

37.5mm, 40mm, 45mm, 50mm, 556mm,

60mm, 6bmm, 70mm, 75mm.

‘*—-.'ﬁ"
Al

{

\

(&N IS
ri‘mml i

@The “IMPERIAL" Range will be continued

Full lists from:

“0-MAX" (ELECTRONICS) LTD.
44 Penton Street,
London N1 9QA.
Tel: 01-278 2500.

WW—042 FOR FURTHER DETAILS
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| (& [HATEGI IS B in caras
low cost, high |
performance units|

‘Limrose’s new family of low-cost universal mounting
boards, plug-in cards and breadboarding systems is useful
for development work, - device testing and circuit
evaluation.

Delivery is usually ex-stock. For prices and other
information please contact

LIMROSE ELECTRONICS LIMITED
8-10 Kingsway, Altrincham,
Cheshire WA14 1PJ.

limrose Tel. 061928 8063

‘WW-—043 FOR FURTHER DETAILS

£9-00

including PP+VAT

for logic
circuits

% High-Low Level Probe
(2-colour indication)

* Uses L.E.D.

* Reverse Pole Protected

% Very fast response

* 50 nano seconds

* Up to 12 MHz

&
@ E Associates Ltd.
Cricketfield Lane,
] Bishop's Stortford, Herts.
Telephong: 0279-56347 Telex: 81533 REMO STORT

" WW—062 FOR FURTHER DETAILS
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TOTAL CAPABILITY
IN SOLDERING

New CONQUEROR Lightweight
fron & Spring Stand.

ETC/1 Electronicaily Temperature
Controlled System

LITESOLD High ADAMIN
Quality Soldering Ultra Miniature
Irons, 10w to 80w. Irons, 8w to 24w.

D.l.L. I.C.
De-Soldering
Head

Suction
De-Soldering
attachment.

De-Soldering Braid

Pliers

Soldering Aids Cutters

g .

Tweezers

Send TODAY for CATALOGUE with full details of this and other equipment.

LIGHTSOLDERING DEVELOPMENTS LTD.

28 Sydenham Road, Croydon CR9 2LL
‘ Tel:-01-688 8589 & 4559

WW—044 FOR FURTHER DETAILS



The colour-
coded sections of the g
Mullard Data Book list all you'll
want to know about valves, integrated
circuits, semiconductors, picture tubes and
other components. It also contains equival-
ents and comparables lists.

The Mullard Data Book 1973/74 is now
available from your bookseller, or direct,
cash with order, fromthe Selray Book Co Ltd,
60 Hayes Hill, Hayes, Bromley, Kent BR2 7HP.

\:’ RETAIL PRICE- 30p (plus 5p postage)

M54
WW—045 FOR FURTHER DETAILS
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for your
Attenuation

With the Hatfield 50 £ Attenuator model 2002
in your laboratory youn can immediately select

from O

to 121 dB in 1 dB steps.

Alternative models for 752 impedance and to
cover 0 to 12,1 dB in 0.1 dB steps.
Send for full details to

HATFIELD

forward thinking

in

electronics

HATFIELD INSTRUMENTS LIMITED

Burrington Way, Plymouth PL5 3LZ, Devon. .

Tel. Plymouth (0752) 72773/4 Grams: Sigjen, Plymouth. Telex: 45592
South-East Asia, for prompt service and deliveries, contgct:

Hatfield Instruments (NZ) Ltd., P.O. Box 561, Napier, Ned Zealand

WW—046 FOR FURTHER DETAILS

SOUND MIXERS
for
ALL TYPES OF
INSTALLATIONS

Telephone or Write
for
Further Details

CRYSLON ELECTRONICS LIMITED.

ROTHER STREET, STRATFORD-UPON-AVON. WARWICKS.
TEL: STRATFORD-UPON-AVON 4797.

AUDIO
EQUIPMENT

SOUND MODULES
full
Range Available

WW—047 FOR FURTHER DETAILS
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What is TELEFI?

Telefi brings you for the first time real Hi-Fi results from your existing
625 line television. .

T.V. Studios transmit superb auality but skimping in the sound
section of the receiver means low-fi sqund.

Celestion Teiefi changes all this — simply coupled to most T.V.
receivers — the first T.V: music you hear through Telefi will convince
you the dramatic improvement is what you have been waiting for.

CelestionEI

Telefi a remarkable innovation exclusive to Celestion for use in

Also send for details of the complete range of Celestion Loudspeakers

DITTON WORKS, FOXHALL ROAD, IPSWICH, SUFFOLK IP3 8JP

WW—048 FOR FURTHER DETAILS

STEREO IC DECODER

HIGH PERFORMANCE PHASE LOCKED LOOP
(as In ‘W.W.’ July ‘72)

MOTOROLA MC1310P EX STOCK DELIVERY
SPECIFICATION
Separation : 40dB 50Hz-15kHz.
1/P ievel: 560mV rms O/P level : 485mV rms per channel.
Input impedance : 50k, Power requirements: 8-12V at 16mA
Will drive up to 75mA stereo “on’ lamp or LED.

KIT COMPRISES FIBREGLASS PCB ONLY WHY PAY

Distortion: 0-3%

(Printed and tinned), Resistors, 1.C., Capacitors, . MORE?
Preset Potm. & Instructions £3-50 post free.
LIGHT EMITTING DIODE (Red) ONLY

Suitable as stereo ‘on’ indicator, For above

with panel mounting clip and instructions 35P plus p.p.

MC1310P only £2:77 plus p.p. 6p

NOTE
As the supplier of the first MC1310P decoder kit, of which we have sold literally thousands,
our customers can benefit from our wide experience,
V.A.T.
From April 13t add V.A,T. at the standard rate to all prices

FI-COMP ELECTRONICS
BURTON ROAD, EGGINTON, DERBY, DE6 6GY

a3l

conjunction with Hi-Fi and Audio systems for providing high quality
television sound reproduction. No direct connection to the T.V. is
required, the coupling being effected by an inductive pick-up.

Telefi is complete in a handsome natural teak veneered case 73" x
6531” x 23" approx.

“The Telefi is a very worth while device and will give greater overall
enjoyment than the T.V. manufacturers normally provide.” John Gilbert
‘The Gramophone’,

ROLA CELESTION LTD.

i " call in
the trouble shooters!

Complete technical advisory service
available - and data on all
Electrolube contact treatments, fine
tubricants and maintenance
chemicals. Phane or write,

Electrolube Ltd. Slough, Bucks, England. Tel: Slough (STD 0753) 25574
WW-—050 FOR FURTHER DETAILS
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o e grofissional

contact Derek Owen at 01-874 9054 or Telex 923455

B | EEVERS-RICH

[ EQUPMENT LIMITED |

Agents in Scandinavia, Eastern and Western Europe, Middie East,
Africa, Australasia and the Far East.

LEEVERS-RICH EQUIPMENT LIMITED
319 TRINITY ROAD - LONDON SW18 3SL
Telephone 01 874 9054 - Telex 9234565
Cables LEEMAG LONDON

@

4 MEMBER OF
THE MCP GROUP




a32

signal capture
- display and
- digitisation with
ohe
instrument

DL 905 Transient R'ecorder

Single Qoltage transients, repetitive wave-
forms, or very stowly changing signals can
all be recorded by the DLO05 in its digital
memory. The captured signal may be
viewed orf an oscilloscope, a permanent
record produced on a chart recorder and
a digital readout obtained to feed a digital
recording device or-general purpose
computer.

TYPICAL APPLICATIONS INCLUDE

Shock measurements - Explosions - Pulsed NMR
High speed reaction chemistry - Stop flow and

T jump analysis - Plasma Physics - Powerline
transients - Ultrasonics - High tension switching
Radar - Spontaneous biological phenomena

Pulse radiolysis * Vibration analysis - Seismology
Etc.

“datalab

Data Laboratories Lvimited, 28 Wates Way,

MITCHAM, CR4 4HR Surrey. Tel: 01-648-4643/4

WW-—052 FOR FURTHER DETAILS

Linstead
Twin Stabilised
Power Supplies

Each comprising:

Two powerful bench supplies.
Continuously variable.
Independently operable, or in series, or parallel.
Fully protected against overload and short circuit.
In one compact robust case.

2x0to 20V 0to0.5A"

with twenty 1 volt steps and fine
control.

Voltage set by controls.

Current continuously monitored,

0 to 100mA, O to 0.5A. - plus VAT
Current limiting protection. -

2x0to 30VOto 1A

Sot by switches and fine control.

Meters switchable for volits,

0 to 100mA and O to 1A.

Re-entrant protsction. Pilot

iﬁqication of overload. plus VAT
V/ el 7/ 7/

meansagood deal
in electronics

Linstead Electronics, Roslyn Works, Roslyn Road,
London N15 5JB Telephone: 01-802 5144

WW—053 FOR FURTHER DETAILS
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AudioTest Set RTS 2

and Auxiliary Test Unit ATUL
for professional users
RTS2 Checks Amplifiers, ATUL Extends output level ana

mixers, tape-recorders measurement sensitivity.
F . Provides balanced
= g{gﬁ;%@%siisa%%n.se input/output facilities.
Distortion - Cross-talk - Incorporates weighting
Wow & flutter - Drift - filters, loading circuits.
Erasure - Sensitivity - Has built-in speaker
Output power - Gain for monitoring purposes.

Send for leaflets RTS2 & ATUL

FERROGRAPH

A member of the Wilmot Breeden group

Ferrograph Company Limited Auriema House 442 Bath Road Cippenham Slough .Buckinghamshire SL1 6BB Tel: Burnham (062 86) 62511 Telex:847297
WW—054 FOR FURTHER DETAILS '
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NEW

BROADBAND
VERSATILITY for
AC/DC VOLTAGES

The latest Model of the URV series now developed
by ROHDE & SCHWARZ features:

an INCREASED SENSITIVITY most sensitive
subrange 3 mV.

a HIGHER ACCURACY error limits

1% for DC. 2% for AC.

and NEW ACCESSORIES,

%
HF-DC Millivoltmeter model URV with RF probe and
20- or 40-dB attenuator.

The model HF-DC Millivoltmeter URV measures
DC and AC voltages from 0.5 mV (50 uV for DC)
to 1000 V and with a small RF probe, and proved
coaxial insertion units (50, 60, 75) the URV canbe
used for a wide variety of RF-Voltage measure-
ments in the range from 1 kHz to 1.6 GHz.

For full details and specifications apply to:

AVELEY ELECTRIC LTD.

Roebuck Road, Tel: 01-397 8771
Chessington, Surrey Telex: Avel London 928479

METER PROBLEMS?

!, =

A very wide range of modern design
instruments is available for 10/14
days’ delivery.

Full Information from:

HARRIS ELECTRONICS (London)

138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937

WW—056 FOR FURTHER DETAILS
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INSIST

ON |

NVERSATOWWER

Acclmmed as the World's leadimg

seople tltover to m the

freld of radio communmication
; s from 257 to 1207

Look for the name
STRUMVIECH

Strumech Engineerine
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Velvet dim to
touch of the fin,

¢ Asthe ;ght is pf@gresm\#ei
«citmme‘d

,, ity, s‘l:raight '
11 standardhght

The Jermyn capacitor discharge
ignition system.

instant starting in all weathers.
Even with a near flat battery, the u li.

Smoother runmng

Less strain on battery and starter.
Lower petrol.consumption,

Long plug life with infrequent

cea full sized spark.

Just one of the many advantag‘es &

of an electronic ignition symem fhe
othersare: '
H«rgt} energy spark even at

Complete setof partsto build

yourself for only £7.75, as described ’

in Practical Wireless and fully

approved by the authm’;

adjustment (typically 20, OOO miles,
gapped at,0607),

No contact breakerarcing giving
long life and less adjustment
(typical th‘}”O 25,000 mues)

STATE + or =~ earth
when ordering,

Reprmts of
the two part featy reare avar!abla at’
26p.

-1

r————-----ﬂ----u - - - o - ‘1
! To Jermyn Industries, 94 Vestry Estate Sevenoaks, Kent. All Prices Exclusive of VAT. :
1 Please despatch return of post ... lightdimmer kit ..o lightdimmer ... i
: Ignition Kits ... 4+ or —earth . £10 pair. Enclose cheque or postal order. :

. » i
JERMYN!
| NAME ’ :
D ADDRESS ..o :
| |
! !

L—--------------------------------------------------------—----L----------

WW—058 FOR FURTHER DETAILS -
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" ELECTRONIC  \ [ DIGITIZED SYRINGES
CONTROLLED
PERISTALTIC PUMPS

The equipment illustrated is available as a basic pump and a i We are pioneering in the field of highly accurate digitized
low cost precision-controlled unit offering an extremely fluid delivery using electronically controlled disposable
wide range of delivery rates. syringes, Systems are available suitable for medical,
The basic pump unit is available for customers wishing to veterinary, chemical and general laboratory applications.

incorporate it into their own systems. It can be supplied Facilities include: Local and remote starting. Synchronised
driven by stepper motor, synchronous motor or low inertia starting of slave units. Total fluid delivered on numerical

indicator during operation.

d.c. motor.
\ J Q‘.jh degree of reliability.

McLennan Engineering Ltd., Kings Road, Crowthorne, Berkshire.
CONTROL SYSTEMS & COMPONENTS, : Telephone : Crowthorne 5757/8

WW—059 FOR FURTHER DETAILS

THE NEW NELSON-JONES FM TUNER

? PUSH-BUTTON VARICAP DIODE TUNING
(6 Position)

Exclusive Designer Approved Kits

For the first time the Nelson-Jones Tuner is available as a complete kit with all Metalwork, Printed and anodised
Front Panel and Teak veneered cabinet. A Six Position push-button unit is used with each pre-selector button fully
tuneable with its own scale and pointer and incorporating AFC disable for fine tuning.

Provision is also made for a Stereo LED, Stereo Decoder, Internal PSU and Fine Tuning indication (Meter or LED
type). Push-button switches are also used for Stereo Mute and Mains On/Off. All sockets, board standoffs and panel
mounting fuse are supplied.

Our attention to detail is such that even our cabinets are veneered inside and out for minimum warp and attractive
appearance. :

The tuner is available in two gain versions, and our alighment service is available to customers without access to a
signal generator.

Prices for complete kits start at £23+*75 (mono) plus p.p. 45p., and of course all components are available separately-

Please send large SAE for our latest price lists which detail
all of the many options and special low prices for complete kits.
All our other products remain available e.g. The Portus and
Haywood Phase Locked Stereo Decoder Kit. -

PLEASE NOTE. Existing tuners are readily convertible and
kits/parts are available for this purpose.

TEXAN AMPLIFIER. We have designed the tuner case and
metalwork to match the Texan amplifier (see photograph).
Complete designer approved Texan kits are available at £28.50
plus p.p. 46p including a Teak Sleeve.

V.A.T. Please add V.A.T. at 10% to all prices for U.K. orders.

INTEGREX LIMITED, P.0. Box 45, Derby, DE11TW Phone Repton (028389) 3580

WW—060 FOR FURTHER DETAILS
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WHY NOT PUT

- ATOMIC

” XA wiohmgg mzmwm’srww b 73

%

ACCURACY

INTO YOUR FREQUENCY

GENERATION AND MEASUREMENT? M ULTRA STABLE ATOMIC RESONANCE
W HIGH SPECTRAL PURITY

Two new Rubidium frequency standards W FAST WARM-UP

from "EFRATOM’ can heip you do just that! @ SMALL SIZE — LOW POWER
B LOW COST

‘TYPE FRT"

Type 'FRK’ is a small OEM module to build into your
own instruments or systems. Type ‘FRT'is aportable ~ For more information contqct:

laboratory standard with stand-by battery and muitiple SAYRO SA E N G ' N E E Rs I-TD

output frequencies at 10MHz, 5MHz, TMHz and

100KHz. P.O. Box 50, Bracknell,
- Berkshire, RG12 4YT.
Both give you atomic stability at down-to-earth prices. Tel: Bracknell 23827

WW—061 FOR FURTHER DETAILS

Train for
television

Course commences 5th September, 1973

This is your opportunity to trainas a
television and radio engineer on our full-time
Two-Year College Diploma Course specially
designed to cover the examinations of the
City and Guilds Radio, Television and
Electronics Technicians' Certificate.

Full theoretical and practical instruction on Bantex

all types of modern receivers —including d

the latest colour sets. for Aer.ials
Minimum entrance requirements are Senior . e

Cambridge or 'O’ Level, or equivalent in
Mathematics and English.

Bantex Aerial LTA 10
Motor Tunable 1.6-30 MHz
100 W PEP-12ft length

——_—_———_1
Please send free prospectus to:

I Name
l Address

I THE PEMBRIDGE COLLEGE OFELECTRONICS

(Dept. WW1), 34a Hereford Rd., London W2 5AJ

One of the fine Aerials made by

Bantex Ltd.

Abbey Road, Park Royal,
London NW10.
Tel: 01-965 0941 Telex: 82310

L

WW-—089 FOR FURTHER DETAILS
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CROPICO

PRECISION WHEATSTONE BRIDGE
Type WS3/E

With
Electronic Null Detector
Five Dials and Slidewire
High Resolution

Low Wattage Dissipation
Accuracy +0.01%

Request full details from:

CROYDON PRECISION INSTRUMENT CO.
HAMPTON ROAD, CROYDON
Postal Code: CR9 2RU
Telephone: 01-684 4025 and 4094

Wireless World; July 1973

We didn’t name our Backed by a and cold-weld

Csciltators with
company Hy-Q for continuous research  holders. Our range of  output frequencies
nothing! Our name is  and development products includes from 0.1 Hz through
self evident to program, we are now  both discrete 10 250 MHz are
electronic engineers - the largest component crystal available from our
... otcourse it manufacturersinthe filters and monolithic ~ standard range. We
means high quality Southern crystal filters for most  offer applications
too, and that's what Hemisphere of low communication enginegering advice
we at My-Q and high frequency applications. on any of the above
Electronics offer. crystal units, products. You name
encapsulated in : it. .. we'vegotit.

glass, solder seal
H}}- Q Electronics

P.0. Box 256 P.O. Box 29,
Frankston Pasir Panjang

. 3199 Singapore, 5

ha Phone: 636477

Phone: 783 9611 Cables: HYQUESING
Telex: 31630 Telex: RS21427
Cables. HYQUE

Melbourne

WW—064 FOR FURTHER DETAILS
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MINIATURE ILLUMINATED PUSH-SWITCHES

8mm x 8.7mm x 55mm (or 88mm ganged)
2 n/o + 2 n/c BBM or MBB (or 4 n/o + 4 n/c)
Momentary or Latching (optional interlocks)
Mechanical life: over 1 million operations

BRITEC LIMITED
17 Devonshire Road, London SE23 3EN

Tel: 01 -699 8844 Telex: 896161
WW—065 FOR FURTHER DETAILS

BICC

GUNTON ELECTRONIC
IGNITION KIT

£9.35 gt
- VAT
READY BUILT UNIT

INC. CARRIAGE
GUARANTEED 5 YEARS £ 1 1 " 55 &VAT.

%  ALL HIGH QUALITY COMPONENTS %
Capacitive discharge ignition is recognised as being the most efficient system and will
give you

Continual Peak Performance

Up to 20% reduced fuel consumption
Easier All-weather Starting

increased Acceleration and Top Speed
Longer Spark Plug Life

Increased Battery Life

Elimination of Contact Breaker Burn
Purer Exhaust Gas Emission

Patents Pending

12 volt only — state pos. or neg. earth. Supplied with iliustrated assembly and fitting
instructions, with detaiis for fitting ali types of tachometers. Can be built in an evening
and. fitted in 15 minutes. Spare snap-on connectors for coil. etc. Call in for a demonstra-
tion. S.A.E. all enquiries piease. Or Phone Walsall 33652 for details. (Many letters from
satisfied customers.

serr.  ELECTRONICS DESIGN ASSOCIATES |

ww? 82 BATH STREET, WALSALL WS1 3DE
WW—066 FOR FURTHER DETAILS

capLerinDEr — Helshy 3171.

Brings you instant service.

A436

WW—067 FOR FURTHER DETAILS
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‘If you want to be

in the
Know

about Europe’s most advanced

COMMERCIAL SOUND SYSTEMS

then place a tick in appropriate box, complete coupon
and send to SNS Electronics Group, 851 Ringwood Road,
Northbourne, Bournemouth BH11 8LN. We'll send you
some interesting details by return. /am interested in:

'‘Public Address D
‘Mixers/ Amplifiers
E] Crystal controlled Tuners
DTuner Amplifier Systems

Specially designed Power
Rack & Console Schemes

D Radio Microphone
Systems

Distinctive range of
specialist Loudspeakers

Name
Address

l ) Pleasecutitout
WW-—068 FOR FURTHER DETAILS

TPA SERIES-D

integrated circuit
power nmplifi¢ |

TPA 50 - D Specification

Power Output 100 watts rms into 4 ohms

65 watts rms into 15 ohms

£0.1dB 20Hz to 20KHz into
15 ohms. -1dB at 150KHz

Less than 0-04% at all levels up to
50 watts rms into 15 ohms

0dB to 100mV

-100dB

Rise time 2 u seconds

Price £53 plus V.AT.

100V Line (C.T.) and balanced inputs available.
For full technical information contact:

H||H ELECTRONIC

CAMBRIDGE ROAD, MILTON, CAMBS
TELEPHONE CAMBRIDGE 65945/6/7

WW -—070 FOR FURTHER DETAILS

Freq Response

Total harmonic
distortion

Input sensitivity
Noise

a39

You 'editte tape.

We edit the prices.
VIDEOTAPEAT

DIXONS TECHNICAL §

RECOMMENDED DIXONS
PRICE* PRICE*
SCOTCH 4" 2400 ft. £10.80 £8.50
SCOTCH £” 3000 ft. £16.82 £13.50
BASF 3" 2400 ft. - £10.75 £8.50
SHIBADEN 2" 2400 ft. £10.80 £990
RACAI ZONAI 2400 ft. £10.25 £8.00
'SCOTCH 47 1200 ft. £3.76 £3.00
BASF 3" 1200 ft. £3.75 £3.00
ZONAI 171200 ft. £3.80 £300
AKAI 371200 ft. £4.00 £350
DIXTEC CCTV 3" 2400 ft. | _ f5.50

¢All prices are su’bj'e?;:t?o VAT
ALL TAPES SUPPLIED IN AIR TIGHT CONTAINERS

—r. 1t _f N 1 R N B N I J R__JQ L 1  J

Exclusive to Dixons Technical. Fantastic quality
Dixtec €CTV 1" 2400 ft: £5.60

To:

.DIXONS TECHNICAL LTD, 3 SOHO SQUARE,

|

]

|

LONDON, W.1. i
1

|

Sl

1

WWNT? . i

Py p————
WW—069 FOR FURTHER DETAILS

OF SOHO SQUARE

]
1
i
i
I
i
L

day Wednesiay-
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Potential

‘Small price

(LRI

€110

That's the new D61 from
Telequipment.

M Simple Controls

B Dual Trace

B 10mV Sensitivity at
T0MHz

M Automatic Triggering

B X-Y Displays ,

B TV Frame and Line

B Bright 8 x 10cm Display

B Easy to Carry

Developed for use in the
field or on the bench,and it's
small in size too — just how

WW—072 FOR FURTHER DETAILS

small you'll discover when
placing it on the busiest

of benches.

But don’t imagine that
performance has been pre-
cluded by its size, or the
fact that it costs only £110.
On the contrary, this little
fellow features several facilities
looked for on heftier,
higher-cost oscilloscopes.

Write or telephone now for
full specification (you won't

be disappointed).

Tektronix U.K.Ltd.,

Beaverton House,

P.0. Box 69, Harpenden, Herts.
Tel: Harpenden 61251

Telex: 25559
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Sixty-third year of publication
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This month’s cover picture is a- display
on a Trimitron colour c.r.t. produced by
Anchor, an electronic character generator
developed by the B.B.C. and manufactured

by Stabletron Ltd.
(Photographer Paul Brierley)

In our next issue
(publication date July 16)

Electronic sound synthesizer. First part of a series
describing the circuitry and modular construction
of a synthesizer capable of generating a large
range of musical and special effects.

Audio amplifiers reappraised. Modern design
techniques analysed against the background of
| existing research and present theories of psycho-
acoustics.

ibpa
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Administration Director: George H. Mansell
Publisher: Gordon Henderson
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HANGE Hz

See how
much

function
generator
you get
for £144!

Hewlett-Packard’s new and astonishingly
inexpensive Model 3311A generates sine, square and
triangle waveforms over a 7-decade range - 0.1 Hz to 1
Mhz. A Vco-input controls frequency in a 10:1 range.

You also get 30dB of voltage control and a
separate pulse output suitable for synchronisation or
driving TTL logic circuits. Features you’d hardly expect
in an instrument at just £144, including import duty.

Advanced manufacturing techniques enable all the
internal circuitry of this compact, rugged function generator to
be tested automatically.

The time we save is the money you save. Finally, Model

- 3311 has all the style, quality and service back-up that have
made Hewlett-Packard the world’s largest manufacturer of
advanced electronic instruments. o

For full details, return the coupon. NOW.

r———_—_—_———_—

To Hewlett-Packard, 224 Bath Road, Slough,
Bucks SL1 4DS. Tel: Slough 33341.

Full details, please, of your cost-effective 3311A
function generator.
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Wireless World

Choice of Systems and Standards

The evolutionary process of natural selection, or “survival of the fittest”, works
reasonably well in determining the design of electronic equipment. Designs which do
not suit the customers’ needs are not bought and so eventually disappear from the
market. There is one situation, however, where successful survival does not necessarily
mean that the best solution to technical problems has been found. This is where
variation. in the design of electronic equipment means much more than different
types of hardware for the customer to choose from but implies competing systems
of coding and decoding information for transmission, recording and reproduction.
We see this situation at present in “quadraphonic” sound equipment and small
video recorders.

Is it a good principle that the choice of an information system for widespread
use should be left to the fortuitous working out of market forces?

There are several reasons why it is not a good principle. First, the biggest
investment in a particular system is likely to be held by a large and powerful
manufacturing group with a loud voice in the market place. Having committed itself
to the system by heavy expenditure on research and development, this group will
naturally be determined to recover these costs and exploit the investment by using
all its resources in marketing. And this strength is likely to prevail, regardless of
whether the system itself is a good one (e.g. in performance, economics, convenience,
reliability) or not. Secondly, a commitment to a particular system will often be
determined, or strongly influenced by, the current economics of making the hardware.
Engineers may have longer term ideas of what is best, but the commercial interests
of the manufacturing company dictate that it must go ahead as soon as possible
making and selling hardware. Thirdly, when the choice of a system is left to the
outcome of entrepreneurial activity there will inevitably be a period of great waste.
Some manufacturers, those who have chosen the unlucky (not necessarily wrong)
system, will waste resources in making and attempting to sell the associated hardware,
and this waste is likely to be on a larger scale than that resulting from an unsuccessful
product not associated with a system choice. And those customers who actually
buy the unlucky hardware will, of course, have wasted their money on non-compatible
and hence prematurely obsolete equipment.

Ideally the choice of an information system should be determined jointly by all
interested partiecs — by potential users as well as manufacturers. Where the
users are large organizations such as broadcasting authorities this does happen to

" a great extent, simply because the customer is powerful, rich and technically well
informed. Where the users are ordinary citizens buying domestic electronic equipment
it can be fairly said that the customers do not know what they want because they
are not in a position to judge the merits of competing systems. The nearest
approach to making co-operative decisions on systems is when a group of
interested parties, mainly manufacturers, is formed on a national basis, such as the
Japanese E.ILA.J. (e.g. for video recording). Such bodies are formed to promote and
protect mutual interests, not to reach truly objective decisions. But perhaps this
is the best we can hope for in an imperfect world.
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Broadcasting the Written Word

by A. James,” F.IE.E.

Although public broadcasting is now more
than 50 years old, it still consists mostly of
the spoken word or of pictures of people
speaking, and yet for many purposes the
written word is more useful. Written
material has the great advantage that the
reader can set his own pace, can stop to
think, and can re-read the text any number
of times, at will.

Several proposals for broadcasting
written material have been made in the
past. One of them, the B.B.C. Ceefax
proposal has already been described in
Wireless World'. The Independent
Broadcasting Authority has under
development a system for transmitting
written material which, like the Ceefax
system, transmits the information along
with the television pictures. In some other
significant respects the system differs from
Ceefax, however. Experimental field trials
of the IBA system have been taking place
in the London area since early April.

“Notes in the margin”

Fig. 1 shows a section of the television
signal. On the left are the last few lines of
one picture; following it comes the frame
synchronizing pulses and then come a

* Independent Broadcasting Authority.

) field blanking (25 lines +line bianking)

number of blank lines which might be
termed “the margin™ at the top of the next
picture. Finally, on the right are the first
lines of the next picture. Towards the end
of this “margin” in line 19 and sometimes
also in line 20, additional test line signals
are nowadays inserted?. Additional signals
are also sometimes accommodated on line
16 and these signals take the form of a
binary code used to transmit data along
the network®. The Independent Television
network uses such a digital data signal to
identify the source of transmissions on the
network. For source identification
purposes only a short signal is required
but the format chosen readily allows
expansion so that a message of some 10
letters can be transmitted on each line.
The IBA proposes to use these “Notes in
the margin” also for the broadcasting of
written material and have coined the code
word “ORACLE” (Optional Reception of
Announcements by Coded Line Electron-
ics) to describe the proposed system.

What ORACLE does

ORACLE is a system for the assembly,
transmission and reception of written
material, using the existing television
transmission facilities and the ordinary
domestic television receiver to display the

i
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Fig. 1 Part of the television signal showing the vertical interval.

!
‘oracle
start code

right hand

picture le;t hatnd h t
character character

segment in segment in segment

B }

data line format [runin|start code |line no.|page no.|strip|seg|zero’s|char.1|char.2 Z \S char.10

bit count 5 8 5

5388828

Fig. 2 ORACLE data format for one segment (i.e. one quarter of a line of written

information).

text. Apart from the data signal mentioned
in the paragraph above which in no way
affects normal reception, the television
transmission is entirely standard. The
receiver, however, requires adaptation,
either by means of an independent add-on
unit or, more cheaply, by an internal
modification. The system now undergoing
test allows for the transmission of 50
pages of text, each consisting of 22 lines of
40 characters, and the experimental
receiver adapter enables the user to select
any one of these pages for display. The
text may be displayed superimposed on
the television picture, like a subtitle, or the
viewer may choose to switch the picture
off, so that the text is displayed on a
neutral background.

At the sending end, the text of a page is
prepared in advance on a computer
terminal unit. The various pages are then
entered and held in the memory of a small
computer which allows the information to
be inserted into the television signal in the
correct format at the appropriate time.
When the page has been completed it can
be transmitted, the time required by the
present experimental system being
approximately 14 seconds, so that the
total time for transmitting all 50 pages, in
effect a booklet of written material, takes
about one minute. At the receiver the
viewer can, if he wishes, hold the text
indefinitely rather than allowing it to be
up-dated. At present the text is restricted
to a standard type-face of some 60
characters but the code used will allow for
an extension of this. The text could even
incorporate non-typographical signs
designed to allow the transmission of
drawings or even free-hand writing.

Data code

Text is transmitted in segments of ten
characters each, and each character is
represented by an eight-bit code (see Fig.
2). The character codes are preceded by
codes defining (i) the segment of the page
currently being transmitted and (i) the
ORACLE page. The system is entirely
compatible with other standardized data
systems using line 16. The form of
modulation used is known as
“complemented element” in which “1” is
represented by a transition from picture
white to black and “0” by the reverse
transition. This form of modulation is
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particularly rugged and therefore unlikely
to suffer from errors during transmission,
and has been well tested.

ORACLE @4 PAGE 81 05 APR 1441 75

Receiver adapter ] ,
The equipment at the receiver (Fig. 3) is in [ RATR . 1 aﬁﬁ{x
principle simple. The data is extracted o : B 1EttE
from the television signal, and then ' ?"i‘-\f;ﬁ R PACE G
checked to see whether it is ORACLE It«i{?Eﬁ a1 .{;Iﬂﬁﬂﬂs 18 EXCHANG Mfﬁf
data; if it is .the. page number is read and IBA LONDON B2 THEATRES 19 TRQL‘EL E "’g
when this coincides with the page m_lmber : 1B MIDLANDEZ ﬁﬁﬂﬂﬁk?g 58 TIDES f?
selected by the viewer, data is fed into a ] IBA SOUTH 04 EXHIBITIONS2S WEATHER SE%S
store capable of storing the ten letters IBA ANGLIA 85 GALLERIES 22 WEATHER W 39
transmitted in a single field interval, S CTEO VYORESH'9E OPERA 23 WEATHER # 4p
Subsequently at the appropriate moment, 186 GRAMNADABY GARDENING - 24 HEATHER £ 41
data is fed out of this store into a : IBA HEST By SHOPPIHG 23 LR NEATHER4D
recirculating store capable of storing one S IBA HARLECHOY RECIPE 26 POLICE 47
complete ORACLE page of information | IBA CHAHNEL1G FT THOICES 27 TRAFFIC 44
— that is to say, 880 characters in 88 ' ggg é i; g:é; é:gg;sgg ;gg;ﬁgha 45
segments, a total of 5280 bits. A third L papio 13 INDUSTRIALSSB GOLF i%
store is needed to complete the sequence. T 14 CHEMICALS Z1 o i
h . 2351 BEY REPORT4s
This store holds a complete line of 40 n BHUI0 15 MOTORS 32 SPORY HEWS kzg
characters, that is four segments of i ] PHDID 16 EHGINEERINGEER HEW: gx%ggt};§

information, and is updated by the » = SIOPOTHEHTY 17 0ILS 34
recirculated store. The signal from the g0 £
third store is presented to the character
generator one character at a time.

Each character is based on a matrix of
7 X 5 dots. On the television pictures the
characters are built up line by line by
temodulating the scanning beam in the
appropriate way, i.e. the scanning beam
must be modulated in rapid succession by
the first row of squares for each of the \t
letters in a line of text, followed by the
second row and so on until the complete
line of text has been displayed. To achieve
this the information from the third store is A .
presented character by character in rapid
succession seven times in all. The line of . .

. .. character recircuiating memory
text is followed by space four television generation memory control
lines wide. Before these ase scanned the
third store is reloaded from the main
recirculating store. Pressing the hold text Fig. 3 Block diagram of an ORA CLE receiver uni.
button isolates the recirculating store from
the input store. The data is then
recirculated and the same page of text is
presented until the button is returned to
normal. On switching to a different
ORACLE page the recirculating store is
emptied and then waits until the first
segment of the new page is available. The
new segment is then written in to the
recirculating store in precisely the same
place as the first segment of the old page.
Further segments are entered as they
become available and in the course of
approximately 14 seconds a complete new : , . o
page is transferred to the recirculating R T
store. i ]

ORACLE’s index page.

television data data ., page
receiver receiver check selection

Y

\ 4

A
A

Possible uses for ORACLE

It is foreseen that the type of information
services which could be provided by such
a public broadcast data service are almost
unlimited, and the system has many other
potential applications for home or business
use. The type of information services
which could be provided in this way
includes continuous accurate time checks,
weather forecasts, news, traffic and local
news, stock exchange prices, television
and radio programme information,
recipes, local and national announcements,
exhibitions, theatres, shopping information .
and advertising messages. One page of Receiver modified for use with the ORACLE system.
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information would provide a summary of
the services available and the “page
number” which would be used by the
viewer to “call up” the display on his
screen. Other possibilities include the use
of the equipment as a home data terminal,
the provision of caption material to
accompany television programmes for the
deaf viewer or for those who do not
understand the language of the
programme.

At the studios, page information would
be kept up-dated by an editorial team
using visual display units and keyboards
in conjunction with a central computer
which would be needed to collate the
information so that it can be inserted into
the television waveform at the appropriate
moments and distributed along with the
normal television signals to the
transmitting stations. The first line of each
page would carry an identification, date
and time so that every viewer, no matter
which of the services he was watching,
would have the equivalent of a highly
accurate digital clock always available.
For example the first line might read:
“ORACLE 33” PAGE 22 21 APR
17:  21: 07. Sufficient flexibility is
incorporated in  the system to
contemplate further possibilities such as
the use of individually coloured letters or
graphical symbols. -

The future

The system described above is currently
being field-tested in the London area.
Broadcasts of test material are being made
from time to time and in addition at other
times a test caption is being transmitted.
The receiver industry is showing great
interest in this development and at least
one manufacturer has a receiver adapter
in an advanced stage of design.
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Applications of the
high-standard 1.f. Source

by J. M. Osborne*

The uses to which the “High-standard
Low-frequency Source” (W.W. January
1973) can be put are many. The source
utilizes the B.B.C. 200kHz Droitwich
transmission and provides a range of
frequencies up to 20kHz. The following
are two applications which the author has
found particularly useful.

Watch tester

Most watches tick a whole number per
second, typically five ticks per second.
Their timekeeping can be accurately and
quickly tested using the high standard
frequency source with the system shown
in Fig.1. The watch is placed in contact
with a microphone, preferably in a sound-
proof box. The output of the microphone
is amplified and applied to one input of a
double beam scope which is set to run at
about five sweeps per second, so that a
noise pulse from the watch ticking appears
near the centre of the trace. A 100Hz
square wave from the standard frequency
source is applied to the other trace and
used to trigger the c.r.o. If the watch gains
or loses the pulse will drift across the
screen and the time-taken to gain or lose
one hundredth of a second (one complete

*Westminster School

cycle of the square wave) is readily
determined on some other timepiece. It
takes a few minutes to see that a watch is
accurate to within a minute a month.

The apparatus can be set up using a
cheap watch with a loud tick, which is
more likely to show a significant error.

Frequency meter -

The Lf. source can readily provide a gating
signal for frequency measurement of audio
frequencies. The signal to be measured is
fed at a suitable level to one input of an
SN7400 gate (Fig.2), and the gate output
is used to drive a counter. The other input
of the SN7400 is connected to the source
which is switched to 0.1Hz so that the
gate .opens for 5 and closes for 5.
Thus the counter records the number of
cycles of the signal occurring in five
seconds. There is a five-second pause to
take the reading before the next count. As
the counter is cumulative one takes the
sum of two counts and divides by ten to
obtain the frequency.

As the instrument uses part mechanical
counting it can only handle frequencies
below about 2kHz. Higher frequencies
would have to be divided first to bring
them in range, e.g. by the use of SN7490
dividers.

frequency :
standard watch

dual beam
oscilloscope

sound proof box

tick \

s

-amp

watch microphone
under
test

/

100Hz
square wave

Fig.1. Schematic of the system for checking watch accuracy.

Fig.2. Using the standard ina system for
Jfrequency measurement.

trequency
standard

counter

A 4

SN7400



Wireless World, July 1973

- 317

Frequency Shifter For ‘““Howl”’

Suppression

M. Hartley Jones*, Mm.sc., Ph.D.

The circuit described increases the stability
margin of sound reinforcement systems by up
to 8dB. This is achieved by shifting the
frequency of signals by SHz. The inexpensive
and reliable nature of the circuit is made
possible by the use of integrated circuits. The
technique may be adapted to produce larger
frequency shifts for use in electronic music

synthesis.

Anyone who is involved with sound rein-
forcement systems is familiar with acoustic
feedback. A sound amplification system -
where the microphone and speaker are in
the same room, is limited in gain by the
positive feedback loop formed by the
acoustic coupling between loudspeaker and
microphone. As the gain is increased, feed-
back initially causes colorations in the
sound, then develops into an audible ringing
on transients, finally becoming a con-
tinnous “howl-round” when the loop gain
reaches unity.

The use of directional microphones and
loudspeakers can help in reducing the pro-
portion of sound energy which is fed back
to the microphone but, owing to the diffuse
nature of the reverberant sound field of a
room, acoustic feedback still limits the
usable gain of the system.

The reason why feedback usually occurs
at one particular frequency is an interesting
one. In any sound reinforcement system
there will be one frequency at which loop
gain is a maximum and this will depend
upon the frequency response characteristics
of the complete feedback chain, comprising
microphone, amplifier, loudspeaker and
room, as shown in Fig. 1. If frequency
response peaks can be ironed out of every
element in the chain, then the mean loop
gain can be increased without exciting howl-
round at a particular frequency. _

Compensation for frequency response
irregularities in microphones and loud-
speakers by means of tone controls and
equalizers in the amplifier is a well-
established technique and attention to this
point can often improve the stability margin
of a system by several decibels. The fre-
quency response of the room is, however, a
much more complicated problem owing to
the multiplicity of resonant modes. Fig. 2
shows the typically irregular frequency

*University of Manchester Institute of Science and
Technology.

response of a room; only the region just
above 500Hz is shown, but the charac-
teristic over the whole audio band is of
similar form. The dotted line in Fig. 2
shows the average or mean level of response
and it is clear that the peak levels can be
more than 10dB above the average. Al-
though it is the average response which
determines the subjective sound level in a
room, as judged by a listener, it is those
10dB peaks that give rise to howl-round ina
sound reinforcement system. Thus, if the
peaks could be flattened out, up to 10dB

increase in usable gain could be expected.

There have been attempts at electrical
equalization of the major room response
peaks! but, even if the inverse response of
Fig. 2 could be exactly synthesized, the
peaks and dips shift with variations in
microphone position, with temperature and
with size of audience, making exact correc-
tion impossible.

Schroeder®3 has shown that the room
frequency response can be effectively
smoothed out as far as acoustic feedback is

‘concerned by slightly shifting the frequency

microphone >

amplifier -

speaker

room

Fig. 1. Acoustic feedback loop in a sound system.
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Fig. 2. Small section of a typical frequency response curve of a room.
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of the signal as it goes through the amplifier.
This technique ensures that any signal com-
ponent subject to a very high gain at one of
the response peaks, which would normally
result in a feedback howl, will be changed in
frequency on its next trip round the loop so
that it is subject to a much lower gain. As
the signal continues to go round the loop it

will be changed in frequency each time and
therefore be subject to a different loop gain
on each trip. After several trips, the mean
loop gain experienced by the signal will thus
be equal to the average room response
shown in Fig. 2. In the same way, if a signal
component happens to experience a low
gain on its first trip then it will be subject to

multiplier
A asin 27ft Y a.sin 27ft, cos 2ATE
A cos 2TATt
input 90° quadrature
O——p———1 phase-shift oscillator adder fee—d—
asin(2rft+¢) | circuit Af Hz asin 2w (F+AF)t
Ysin2nAft
y a-cos awft A a.cos 27ft, sin 2 Aft
multiplier

Fig. 3. Block circuit diagram of the frequency shifter.
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‘a much higher gain on its second trip. How-

ever, after several trips, the mean loop gain
will once again be equal to the average room
response. Thus both peaks and dips in the
room response are effectively levelled by the
frequency shifter.

The amount by which the frequency is
shifted is not particularly critical. In order
to minimize unnatural effects the shift
should be as small as possible, whilst for
optimum howl suppression the shift should
be of similar order to the average spacing
between peaks and their adjacent troughs.
Schroeder and Kuttruff* have shown theor-
etically that the average spacing between
adjacent peaks is given by:

4
Amaxz _H
YA 71z

where T is the reverberation time of the
room. Thus, on average, in a room with a
reverberation time of one second, the spac-
ing between adjacent peaks should be 4Hz
and therefore that between a peak and its
adjacent trough 2Hz. This average spacing,
however, includes tiny irregularities which
may be barely measurable; in practice the
spacing of major peaks and troughs may be
double this figure; in addition, as may be
seen in Fig. 2, the peaks are not regularly
spaced. The optimum frequency shift for
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howl suppression is therefore best found
experimentally; in most applications it
turns out that a shift of 5Hz is sufficient, no
further advantage being gained by greater
shifts. It is conceivable that, in the unlikely
event of the reverberation time being very
much less than one second, a greater shift
might be required.

It is immaterial whether the frequency
shift is in the upward or downward direc-
tion. The shifter to be described produces a
5Hz increase in frequency.

Frequency shift circuit
Schroeder used in his experiments a fre-
quency shift circuit developed by Presti-
giacomo and MacLean®. This circuit used
suppressed carrier single-sideband modula-
tion of a high frequency carrier by the signal
followed by demodulation with a new
carrier frequency which differed from the
original carrier by SHz. The circuit to be
described here, however, uses a different
technique, exploiting the accurate inte-
grated circuit multipliers now freely avail-
able; it requires no tuned circuits, crystals or
filters and gives a good signal to noise ratio
with a wide frequency response and low
distortion.

Consider a sinusoidal input signhal of
frequency fHz; its instantaneous voltage,
Uy, is TEpresented by

v, = asin 2nft (69
where a is peak voltage.

Now, if the output signal of our circuit has
an increased frequency (f+ Af)Hz but the
same peak voltage a, then its instantaneous
amplitude v,,, is

Uy = asin2n(f+Af)t
: asin 2nft+2nAfT) )

Expanding this sine function gives:

v, = a(sin 2nft cos 2nAft
+cos2aftsin2nAff)  (3)

Equation 3 is synthesized by the circuit
to be described. The cosine functions in the
equation are simply sine functions with a
7/2 (90°) phase advance imposed by a phase
shift circuit, since cosx = sin{x+(n/2)).
Although equations 1 to 3 refer specifically
to sinusoidal signals, they may be applied
to complex waveforms by Fourier analysis
into sine and cosine components.

Fig. 3 shows the basic circuit elements of
the frequency shifter. Sinusoidal and co-
sinusoidal components are derived from
the original signal by a broad-band phase
shift circuit. An oscillator with quadrature
outputs generates sinusoidal and cosinu-
soidal components of the ““shift frequency”
Af. Two analogue multipliers give the
products sin2zft.cos 2nAft and cos2=nft.
sin2nAft and an operational adder gives
the final frequency shifted signal:

sin 27ft.cos 2nAft +cos Znﬁ.sin 2nAft
= sin(2nft 4 2nAfY).

Circuit description

The complete circuit diagram is shown in
Fig. 4. The frequency shifter is designed to
give unity voltage gain, but an extra 4dB
voltage gain is available if required. The

FSy
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a.c. mains
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0 )3 (case)

_LO37 connections,
viewed from underside
of TO3 case

Fig. 5. Power supply circuit.

maximum input voltage before clipping
occurs is 4V.r.m.s. (+ 14dBm, where 0dBm
= 0.775V.r.m.s.). The unit is thus suitable
for connection between the microphone
pre-amplifier and main power amplifier of
a sound system. A modification is described
later which makes the circuit suitable for
use directly in a microphone line.

The input signal feeds first into a voltage
follower, IC, giving a high impedance input
to the unit. The broad-band phase shifter
uses /C, as an inverting amplifier and RC
networks R7, .Rg, C4, CS and Rll! R12, C65
C, to give two quadrature outputs of equal
amplitude. The operation of this circuit is
discussed in the appendix.

The sinusoidal and cosinusoidal com-
ponents of the shift frequency Af are
generated by a quadrature oscillator in-
corporating amplifiers /C; and IC,. This
operates at SHz with the component values
shown and gives sinusoidal and cosinusoidal
outputs of equal amplitude and with less
than 19 distortion. The 6.8V zener diodes
across C, act as amplitude limiters, the
final adjustment of output amplitude being
performed by R ,.

Analogue multipliers, ICs and ICg, give
the products of the input signal components
with the shift frequency components. RC
networks C, and R, ,, Cg and R, 5, Cy and
Rig, Ci, and R,,; are connected directly
from the multiplier inputs to earth to sup-
press any tendency towards h.f. instability.
Variable resistors R3y, Rzs, Rag and Ryg
are the multiplier input offset controls which
are adjusted during the setting up procedure
to ensure that when one of the inputs of a
multiplier is at zero volts then the output is
also zero. Capacitors C;4 and C;4 on the
multiplier outputs block the d.c. component
inherent in the output of this type of multi-
plier chip and couple the a.c. products to the
final stage.

IC; is used in the final stage as an opera-
tional adder with R, in the feedback loop
to adjust overall gain. Variable resistor Rj3
is a balance control to compensate for any
amplitude difference in the products from
the two multipliers.

IC,, IC,, IC;, IC, and IC, are all type
741 internally compensated operational am-
plifiers. The Texas Instruments SN72741N
14-pin dual-in-line version was used in the
prototype. ICs; and ICg, the analogue
multipliers, are type MC1495L (Motorola)
or SG1495D (Silicon General). All the pin
connection numbers on the circuit diagram
refer to 14-pin dual-in-line packages.

Resistors are all §W, +5% tolerance.
Capacitor tolerances are all +20% with
the exception of C,, Cs, Cg and C, which
should be +5% or better.

Power supplies

All the integrated circuits in Fig. 4 operate
from supplies of +15V and —15V; the
power supply circuit is shown in Fig. 5.
Fixed voltage integrated circuit regulators
(SGS LO37 or RS Components MVR
15V) are used to produce stable +15V
supplies from a conventional transformer
and bridge rectifier arrangement. In the
prototype, 7, was an RS Components 20V
miniature transformer and REC, and REC,
were RS Components REC41A. C,; and
C,, are 0.1uF polyester or ceramic capaci-
tors to ensure a low supply output im-
pedance at high frequencies.

Construction and adjustments

Circuit layout has not been found critical.
The circuit was assembled on a piece of
0.1in matrix Veroboard of size 165 x 95mm
and housed together with the power supply,
which was on a separate matrix board, in a
diecast aluminium box of external dimen-
sions 190 x 120 x 50mm.

In the prototype unit, R,,, the gain con-
trol, was the only front panel potentio-
meter. Resistors Ry, Ra(, R3s, Ryg, Ryo.
and R, were all skeleton presets mounted
on the circuit board and, once these were
correctly adjusted, the settings were found
to be extremely stable and required no
further adjustment. If no external gain con-
trol is required, R;, could also be pre-set.

When setting up the circuit, an oscillo-
scope and sine-wave audio generator are of
great assistance but, if necessary, the adjust-
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ments can be made using an a.c. voltmeter
(e.g. AVO model 8) and a sinusoidal signal
from radio, TV or record combined with
careful listening. Before switching on it is
advisable to set all potentiometers to their
mid-position; most of them will then be
fairly near the correct setting. The best
order of adjustment is as follows:

® The 5Hz sine wave amplitude should
be adjusted with R, to 9 volts peak to peak,
measured on an oscilloscope at pin 10 of
IC,. Approximately the same amplitude,
but 90° out of phase, should be present at
pin 10 of IC;. If an oscilloscope is not
available for this adjustment, an a.c. volt-
meter (1000Q/V) may be used, the output
being set to 3V.r.m.s. This latter method has
proved sufficiently accurate despite some
oscillation of the meter pointer due to the
low frequency.

® With no signal on the input, R;, and
R4, the multiplier X-input offset controls,
are adjusted for minimum 5Hz component
in the output. An oscilloscope or electronic
millivoltmeter is essential for precise adjust-
ment; however, if the controls are simply
left at their mid-position, the SHz rejection
will be sufficient for most applications. The
response of most power amplifiers is much
reduced at such low frequencies.

® With a sinusoidal signal of approxi-
mately 1kHz frequency on the circuit input,
R;;, the adder balance, and then R;5 and
R,,, the multiplier Y-input offsets, are
adjusted for minimum amplitude modula-
tion in the output, viewed on an oscilloscope.
This adjustment may, if necessary, be per-
formed fairly accurately on a listening test
using a continuous input, such as a radio or
TV tuning signal and adjusting for mini-
mum fluctuation in sound output from a
power amplifier and speaker connected to
the frequency shifter. A random noise signal
(e.g. an f.m. tuner between stations) can also
be used for a listening test adjustment.

Although R33, R35 and Ry, do not inter- -
act, it may be necessary to go through the.

adjustment procedure two or three times
to obtain optimum results. Once the con-
trols are set, no further adjustment should
be required.

Measured prototype performance
In the measurements given below, the

overall voltage gain of the frequency shifter -

was set to unity.

Frequency increase
5.3Hz

Max. input signal prior to clipping
4.0V r.m.s.

Noise level ref. 4V r.m.s. output (measured

over a band from 30Hz-10kHz)
—73dB
Residual 5Hz component in output ref. 4V
r.m.s.
—66dB
Frequency response
1dB down at 85Hz and 19kHz
3dB down at 45Hz -
Residual amplitude modulation (applicable
at all output levels)
<0.5 dB peak to peak output
signal fluctuation from 250Hz
to 3kHz
< 1dB fluctuation from 220Hz
to 13kHz

Total harmonic distortion measured at 1kHz
<0.1% at 3.8V r.m.s. output
<0.01% at 500mV r.m.s. output

Modification for microphone line

The basic frequency shifter design can be
used in any medium or high impedance cir-
cuit, but, on a low-level microphone line,
noise can become obtrusive. Most of the
noise originates in the multipliers;.hence
the signal to noise ratio can be improved at
the expense of overload margin by increas-
ing the gain on the input side and attenuat-
ing the output by the same factor.

The simple circuit modification shown in
Fig. 6(a) increases the gain of the input
amplifier from unity to 27dB by reducing
the negative feedback. The voltage divider
shown in Fig. 6(b) then provides 27dB
attenuation on the output to maintain unity
gain overall. After the modification the
maximum signal input before clipping is
reduced to 170mV, but the noise level is
reduced by 27dB. This version of the circuit
has given good results in a microphone line
with negligible noise increase and adequate
overload margin. The unit has also been
successfully used in a 30Q balanced line
with the addition of 3092 to high impedance
microphone transformers giving a step up
at the input and a step down back to
balanced line at the output.

Practical applications
It has been found in practice that the use of
the frequency shifter in an average sound

- system makes available an extra 6 to 8dB

of usable gain. Although it was indicated
previously that the theoretical gain in-
crease may be over 10dB, this figure is not
realized in practice because the feedback
that does eventually develop in a frequency
shifted system has an unnatural “warbling”
character which must be avoided. However,
this unusual feedback characteristic has a
positive advantage in that a sound system
becomes easier to set up and operate be-
cause the onset of feedback is so readily
detected. When the warbling becomes
audible, there is normally an extra 3 to
4dB gain still in hand before instability
develops, unlike the unpleasant “ringing”
colorations heard in a conventional system
which often occur only 1 to 2dB below
howl-round.

Even when a conventional system is

. to previous
to pin 4 gutput
on ICy terminal
Rya R45
C. : new
22 R45 output
terminal
’ (2 ’
(a) (b)

Fig. 6. Circuit rriodiﬁcations for low-level
operation: (a) addition to feedback loop of
IC, ; (b) output attenuator.
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operating well below howl-round, the
colorations due to acoustic feedback are
often sufficient to degrade the sound repro-
duction so that high quality equipment is
unable to give of its best. In these circum-
stances, the use of the frequency shifter has
been found to give a positive improvement
in sound quality, even though extra gain
may not be required.

It should be emphasized that the circuit
obtains its increase in stability margin by
effectively flattening the frequency response
of the room. In other words, it provides the
greatest improvement when the sound from
the loudspeaker arriving back at the micro-
phone is of a reverberant character; i.e.
when it has been “processed” by multiple
reflections within the room. In most sys-
tems, even in relatively dead rooms, this is
automatically the case; however, if the
microphone is only a short distance from
the loudspeaker (2-3 metres), then the
available gain increase may be reduced to
2 or 3dB.

The frequency shifter has been used suc-
cessfully not only with speech but also with
music amplification. It is perhaps surprising
that the 5Hz shiftis not obvious, but the only
effect noticed has been a slight 5Hz beat
between direct and amplified sound on an
occasional long continuous note. The gen-
eral reduction of coloration in the amplifica-
tion system with the frequency shift in
operation outweighed any possible de-
gradation of quality due to beating effects.

Electronic music
Although the circuit as described produces
a fixed increase in frequency of 5Hz, the
frequency of the modulating quadrature
oscillator can be increased by reducing time
constants R3C,, R¢C; and R,C,, to pro-
duce shifts of several hundred hertz or more.
As can be imagined, this shifting of a whole
band of frequencies introduces weird effects
which can be applied to electronic music;
all normal harmonic relationships are de-
stroyed because every frequency is shifted
by a fixed number of hertz rather than being
subject to a given fractional change.

Bode and Moog® have recently described
a frequency shifter using the same principle
as described here, but specifically designed
for electronic music; the modulating fre-
quency is generated by a voltage-controlled
beat-frequency oscillator giving a con-
tinuous range of frequency shift from
—5kHz to +5kHz. By using a subtraction
circuit as well as the adder at the output, an
upward shift and downward shift may be
obtained simultaneously from separate out-
puts for unusual stereophonic effects. There
is obvious scope for the modification of the
present circuit along these lines for experi-
ments in electronic music synthesis.

Conclusion

The use of a SHz frequency shift in a sound ‘

reinforcement system can dramatically re-
duce acoustic feedback, improving stability
margin by 6 to 8dB. Although the technique
has been known for over ten years, it has
not yet achieved the widespread use it
deserves. The circuit described gives high
quality results and is inexpensive to build;
a simple modification can provide large
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shifts of frequency applicable to special
effects in electronic music synthesis. The
total cost of the prototype was under £20.

Appendix
Design procedure of the broad-band phase
shifter. The frequency shifter is a specialized
example of the type of single-sideband
modulator which depends for its operation
on a broad-band phase shifter producing
two components of the audio signal with a
90° phase difference. Such phase shifters are
also appearing on the domestic scene in
quadraphonic decoders; the design criteria
of such circuits are therefore of some
interest.

The principles of broad-band phase
shifter design have been discussed by

~ Dome” and Luck® and analyzed in detail by

Orchard®. Stein!® has published calcula-
tions on an RC lattice phase shifting net-
work similar to the type used here.

To obtain two outputs with a constant
phase difference over a wide frequency
range, the principle used is to derive the

O

pﬁuse shift output
¢1 ' (1)
b O
input
O
phase shift output
b» (2)
)

Fig. 7. Block diagram of a broad-band
phase shifter.
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Fig. 8. Graph of phase shifts of individual
branches of broad-band phase shifter plotted
against frequency.
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Fig. 9. One branch of the phase-shift
network used in the frequency shifter.

outputs from two separate networks each of
which produces a frequency-dependent
phase shift but where the phase difference
between the outputs is constant over the
required range. Fig. 7 shows such a circuit
in block form and Fig. 8 the type of phase/
frequency relationship that will give the
required result. It is desirable that the out-
put amplitude from each network should be
independent of frequency, i.e. that the
network be of the all pass type.

Dome” has shown that a constant phase
difference may be realized if the phase shift
angle of each network varies according to
the logarithm of frequency.

e if ¢, = C,+logK,f

and ¢, = C,+logK,f

where C;, C,, K;, K, are constants and ¢,
and ¢, the phase shifts of the two networks,
then phase difference = ¢,— ¢,

. X
= C,—C, +log~—=
21+ gK1

= constant.

Luck® has indicated that the desired
characteristic may be obtained with a pair
of resonant circuits. In the phase angle
graphs of Fig. 8, f,, and £, are the resonant

frequencies of the two networks. The re- -

quired Q-value is very low (<0.5); RC
networks can therefore be used. Each net-
work used here is of the Wien type shown in
Fig. 9. The following calculation shows that
this type of network can fulfil the require-
ments for a broad-band phase shifter.

In Fig. 9, consideration of circuit
impedances gives:

(a+ 1y, _ C2+R1
v,+v; N C, R,

X 1
+]<R1wcz_—R a)Ci) )]
2

+1

~ a+jB
giving Y = __a—l— ! _(?+jﬁ)
v; a+jB
Now if constant g is chosen so that:
a=2ua-1
then % a—J_ﬁ 2
v;  a+jB
% _ (L4
v, Va2+p?
=1
Thus the network is of the all-pass type.
Now, when 1 1
®TRC T RG

B = 0 and the circuit exhibits resonance.

1
2nR,C,
B 1

 21R,C,
It can now be shown that the relationship
between phase angle and frequency is of the
type required for a broad-band phase

shifter.
Substitution for o and B in (2) together

Resonant frequency, f, =

3
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with £, from (3) gives:

1470 fﬂ—f>
Yo _ AV, (4)
g jO é_i)

Jo
where Q = !
i
R, +

and has its usual significance as the quality
factor of the resonant circuit. (Q = f,/df,
where Jfis the half-power bandwidth.)

From (4) the phase angle, ¢, between v,
and v, is obtained:

tanq—5 =Q Jf?~—£> %)

2 Jo
For small values of ¢, it may be shown*®
that:

f

~ —4QIn*

¢ Q 7

which is the type of logarithmic relationship

required for a broad-band phase shifter,

Two of these networks, of resonant fre-

quencies f,; and f,, may therefore be used
to produce a constant phase difference,

V= ¢2—¢1-

Luck® has calculated y by applying
equation (5) to both networks and has
deduced a set of design parameters relating
0, and f; and f,, with the frequency range
over which ¥ is to be close to 90°. The
greater the permissible deviation from 90°,
the wider the frequency range which can
be handled.

In the frequency shifter a range from
250Hz to 12kHz is satisfactory and Luck’s
results indicate that a 90° shift over this
range should be possible with maximum
deviations of +5°. The necessary circuit
parameters are:

for = 720Hz
fo2 = 4,000Hz
0 =021
thus,
MG
Ry G
and a =25

The circuit impedances chosen are suf-
ficiently high to avoid excessive loading on
the outputs of the drive amplifiers and yet
low enough for the 20MQ input impedance
of the muiltipliers to have a negligible
effect on performance. Theoretically the
phase shifters should see an infinite load
impedance.

Fig. 10 shows the measured phase shift
performance of the practical circuit. A
phase difference 0of 90° + 7° is obtained from
200Hz to 15kHz.

Deviations from 90° in the phase-shift
circuit produce amplitude modulation in
the output of the frequency shifter; this
occurs at twice the shift frequency owing to
the generation of an unwanted sideband.
The effect only becomes significant below
200Hz and above 15kHz and is not sub-
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Fig. 10. Graph of measured phase difference plotted against frequency for broad-band phase

shift network used in frequency shifter.

jectively troublesome in practice. A closer
approximation to a 90° phase difference
over a wider frequency range may be ob-
tained if necessary by replacing each Wien
network by several such networks in cascade

with staggered resonant frequencies.

Components list

Resistors
Ry 33kQ
R, 22kQ
R3, Ry, Rg, Ryg 270kQ
Rs, Ry, 82kQ
R, 43kQ
Rg 15kQ
Ry, Ry; 330kQ
Ry, R33 100kQ preset pot.
Ry, Ry 220kQ
R147 R15> R16’ R21 470Q
39kQ
Rig, Ryo, Ryz, Ry3 8.2KQ
R, 6.8kQ2
Ris_30 3.3kQ
Rs, Rys, Rig, Ryy  10kQ preset pot.
R3;, Ray 100kQ
Rye 560kQ
Ry, 1IMQ
Rj, 500k preset or panel
mounting pot.
Ry1, Ras 10kQ
R,,, Rys 3.9k
All re51stors £W +5% tolerance
Capacitors
C,, C,, Gy, Cyg, Cy3, Cyy 1000F
C,, C 1nF
Cs, Cy 2.7nF
Gy, Gy, Cyy, Cy, 10pF
15 470nF
Cie, Cio 1000uF 40V
: electrolytic
Cyy, Cyp 10uF 16V
electrolytic
ClS’ C21 100nF

Tolerance +5Y%; or better

Integrated circuits, Semiconductors

IC, _, Texas SN72741N

ICs, IC Motorola MC149SL or
Silicon General SG1495D

IC,, IC;, SGS LO37

D, D, 6.8V zener 500mW

RECI, REC2 REC41A RS Components

Transformer T1 20V Min. transformer

RS Components
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H.F. Predictions
for July

The extended periods of magnetic activity
which have been observed each month so far
this year should now begin to abate. During
these periods maximum usable frequencies
are reduced and on routes crossing
latitudes greater than about forty degrees
lowest usable frequencies are increased.

The charts are based on an ionospheric index
of 31; this is one third of the value for July
of the last year — the effect being to lower HPF
and FOT curves one or two megahertz.
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News of the Month

Touch terminal

communication

A new concept in computer terminal com-
munications — the touch terminal — has
been developed by Ferranti and Plessey
Radar. The touch terminal comprises a
composite display and touch wire system
through which unskilled operators may
gain access to a computer memory on
a question and answer basis.

Touch communication is made possible
by the use of touch points incorporated
into a mask on the front of a c.r.t. display.
When an operator is required to make
a decision the computer presents a set
of choices on the display, each one being
associated with an appropriate touch point.
The choices can be displayed as letters,
symbols, words or sentences. To make
a selection, the operator merely touches
the appropriate touch point and a coded
signal informs the computer of the choice.
The computer then acts on that choice
and presents the operator with the next
set of choices and so on until the required
data is presented (see photo).

Up to tnirty two touch points can be
fitted to the mask in any layout which
suits the customer’s requirements. Con-
nections to the touch points are made
by a flexible printed circuit which forms
part of the mask. Most Ferranti displays

can be supplied as touch terminals and
only a minimal amount of re-programming
is needed for the computer to use this
system. In many cases touch terminals
can be used without keyboards as the
computer re-annotates the touch points
for each set of selections, thus providing
the effect of an almost limitless keyboard
on the screen of the display.
Communication using the touch ter-
minal is valuable in areas where untrained
operators with no typing experience have
to communicate quickly and without error
with a computer. Typical user areas are
information retrieval, process control, air
traffic  control, reservation systems,
simulation, education and many other
military and commercial applications.

Sonar intruder detector

Security systems based on conventional
sonar devices for detecting movement of
intruders in premises, have often suffered
from spurious alarms caused by inanimate
objects flapping or swinging within their
range such as curtains, doors, windows,
shutters or signs. To combat this particular
problem, AFA-Minerva (EMI) has in-
troduced a sonar detector, the Fidela 3,
which is able to reduce this rate of un-
wanted warnings by discriminating be-

|
]
:
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tween different types of motion within
its range. Its “memory” is able to ignore
these typical wavering movements, which
previously have triggered off security
systems unnecessarily, but is able to
identify the approach of an intruder and
to sound the alert. Measuring 1lin long,
7in wide and 2{in deep, the device can
be fixed to most types of vertical surface.
Different patterns of protective field can
be provided to meet specific situations.

The Fidela 3 emits ultrasonic waves,
and interrogates these signals on their
return after deflection from a solid object
along their path. Change in frequency
of these sound waves caused by any
movement within its field of operation
is monitored by the equipment’s signal
processing circuits. These are able to
recognize and ignore signals from waver-
ing motions but are designed to trigger
the alarm in the event of an intruder
entering the protected area.

The detector’s basic range pattern is
an egg-shaped zone of protection, nomin-
ally measuring 25ft long and 17ft et its
widest point. This pattern can be easily
adjusted to deflect to the right, left or
downwards, and be broadened to about
40ft wide with a corresponding reduction
in range length to around 12ft.

Local radio frequency
changes

Changes of frequency in the v.h.f. services
of some of the B.B.C. local radio stations
are being made. These changes are neces-
sary in order to conform to a new fre-
quency plan, which will incorporate both
B.B.C. and L.B.A. local radio stations.

The changes to B.B.C. stations are in
some cases quite small; the new fre-

_quencies in MHz are listed below together

with the previous frequencies in brackets,
and the dates of the changes.

Humberside - = 96.9 (95.3) 23 May
Bristol . 95.5(95.4) 14 June

Leicester 95.1(95.2) 14 June
Nottingham 95.4 (94.8) 21 June
Medway ~96.7(97.0) 21 June
London . 94.9(95.3) 28 June
Oxford 95.2(95.0) 28 June
Brighton 95.3(95.8) 28 June

Stoke-on-Trent  96.1 (94.6) 6 July

PAL tolerances
The B.B.C. and I.B.A. are making it clear
that although they strive to ensure that
their transmitted colour television signals
remain within tolerance at all times, they
cannot take into account receivers which
have not been designed to take advantage
of the PAL system. The United Kingdom
adopted the PAL system of colour tele-
vision as its national standard in 1966
after the most exhaustive testing and
international discussion. It was seen to
offer important advantages over the
American N.T.S.C. system although it
differs very little in most respects: it was
also preferred to the SECAM system.

The advantages of the PAL system
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depend upon the use of circuit techniques
in the colour receiver which confer upon
the picture an almost complete immunity
to various forms of colour distortion.
These can arise from unwanted changes
in the transmitted signals during their
passage from the television studio to the
home. British receiver manufacturers have
consistently designed and manufactured’
receivers to take advantage of the
immunity of the PAL system to colour
errors arising from this cause and the
signals transmitted throughout the United
Kingdom by both the B.B.C. and the
LB.A. have tolerances based upon the
assumption that the receiver specification
is in accordance with the established
principles of the PAL system.

It is, however, possible to design and
manufacture a colour television receiver
which does not take advantage of the
special qualities of the PAL system. Very
often the performance of receivers de-
signed and manufactured in this way is
perfectly adequate, but circumstances may
arise where they do -not give a fully
satisfactory colour reproduction although
the broadcast signals are still within the
accepted tolerances.

Award for TV standards

converter

Among the recently presented Royal
Television Society -Awards for 1973 was
the Geoffrey Parr Award made to John
Baldwin and an ILB.A. design team in
recognition of a notable contribution to
television engineering. The award is for a
digital field rate TV standards converter,
which changes colour television signals
from one system to another. The new
converter is a small device occupying no
more than two six-foot equipment racks as

compared with the seven racks of earlier
electronic converters. The new unit uses
digital techniques and the standards
conversion. process is claimed to be
virtually distortion-free.

. More noise reduction

The Burwen audio noise reduction system
was recently introduced to the UK. at a
preview given by the distributors, Feldon
Audio. Two products were demonstrated:
the “Noise Filter”, which works to reduce

.noise and hum in any recorded signal,

producing up to 10dB of noise reduction,
and the “Noise Eliminator” which is a
complementary device like the Dolby but
which claims to give up to 50dB of noise
reduction.

First quarter TV and radio

deliveries
A new monthly peak of deliveries of
colour television receivers to the UK.
market was reached in March, 233,000
sets being delivered to the U.K. trade —
giving a total for the first quarter of
629,000 compared with 363,000 for 1972,
a rise ¢f 73% according to the latest
figures compiled by the British Radio
Equipment Manufacturers’ Association.
Monochrome television deliveries reached
115,000, bringing the total for the first
quarter to 397,000, a fall of 17% on 1972
(476,000). Deliveries of radios and
radiograms reached 438,000 and 27,000
respectively, giving quarterly totals of
1,373,000 and 90,000, representing
respective rises of 5% and 41% over 1972
(1,302,000 and 64,000).

These are estimates of U.K. made and

The U.K. Skylab project shown here at the launching pad is based on the conventional
two-door range-roving saloon.. Four wheels aud all-round vision make this another
British astro-first. Orbit is achieved by towing the space-lab to its position in space. The
lab is attached by a piece of string to its launching rocket (right of centre) and to
minimize cost, the launch pad consists of the man in the middle, who holds the rocket
and points it at the sky. Ear muffs are provided to deaden the roar on launch. Seriously
though — Independent Television News is now operating the smallest outside broadcast
unit of its kind in the coungry. It is a two-camera and v.t.r. unit, with full colour

capability.
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imported deliveries to the home market,
including those to specialist rental and
relay companies.

Component service from
US.A. -

A new service designed to obtain U.S.
electronic parts for overseas manufactur-
ers more quickly and with less difficulty
and expense is offered by Managerial
Research, a U.S. consulting firm. Many
companies purchase parts in the U.S. but
the distances over which communication
is required make it costly and difficult to
follow up on orders, make substitutions,
and arrange for shipments. Managerial
Research, working from parts lists
supplied by its overseas clients, takes
whatever steps are necessary to obtain the
needed parts. They are then sent to the
client in one shipment, if possible, so as to
minimize shipping and handling expenses.
More information can be cbtained from
Managerial Research, Box 240, Wheaton,
Illinois 60187, U.S.A.

Briefly

Congratulations to the Association of
Public Address Engineers, now 25 years
old.

Calculator chip prices. General Instrument
Microelectronics have reduced the small
quantity price of their calculator single
chip C500, to £13.7 — a reduction of
£18.

Sixty Years Ago

In an article in our July, 1913 issue on crystal
detectors, Dr. A. E. H. Tutton referred to
the work of Professor Otto Lehmann on liquid
crystals, which are only now being exploited
as display elements in digital read-outs.
“, . . the act of crystallisation is not merely
a question of the closest packing of molecules
in a purely mechanical and happy-go-lucky
manner, but the result of the operation of
definite attractive and repulsive forces. When
these are sufficient to cause the molecules
to take up positions such that their centres
of gravity or those of small groups of molecules
occupy the points of a space-lattice, and then
to set' themselves further so that these grosser
units (molecular or polymolecular) become
strictly parallel to each other with respect
to the configuration of the molecule (as regards
the internal arrangements of its atoms), a
solid crystal is produced. But in the cases
of the extraordinary compounds brought to
our notice by Lehmann, most of which are
of complicated constitution (long chains of
atoms) and of somewhat viscous, oily, or soapy
character, the second state is not accomplished,
and the grosser units, probably the molecules
themselves in these cases, are wobbly about
their centres of gravity; the substance,
therefore, either forms fluid crystals with
rounded edges and mobile form, readily bent
or broken, but as readily recovering themselves,
or they are drop-like or even unbrokenly liquid
in character, and yet exhibit the optical
property of double refraction, and afford
brilliant colours in polarised light, just like
a solid crystal”.
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Digital Speed Control Servo

by C. W. Ross, * M.LE.R.E.

A d.c. motor control system is described which uses a retriggerable monostable
pulse as a reference source. The period of a tachometer is compared with the
monostable pulse in a simple high-gain pulse-width discriminator driving the motor
control elements. The servo system is shown applied to a high performance 2in
magnetic tape transport where better than 0.1% speed accuracy is required.

Before going on to the circuit description,
it is necessary to mention the tachometer
used in the design, as this has some
bearing on the techniques used in the
electronic section of the unit.

Recent advances in flexible-magnet
technology contribute to reducing the cost
of the electromagnetic a.c. tachometer
illustrated in Fig.1. The rotor is a disc of
0.06 inches thick flexible magnetic sheet,
magnetized with 64 poles. The stator is a
single-sided printed circuit board bearing
the winding pattern. Fig.2 shows the
magnetic pattern of the rotor seen by
means of a magnetic particle viewer. The
rotor was magnetized on a jig referenced
to the centre hole, the magnetic pattern
being produced by a multiple-pole
electromagnet driven by an s.c.r. and
capacitor discharge circuit. The rotor disc
is cemented to a rigid metal backplate so
that the assembly can rotate with the

3M Company, Camadﬂo, California.

motor shaft. The stator is positioned
approximately 0.02 inches from the rotor
and is rigidly fixed to the motor housing.

The output voltage is sinusoidal and the
frequency is proportional to velocity. The
prototype gave 40mV r.m.s. per 1000
r.p.m., with a source impedance of less
than 1 ohm at 1kHz. Amplitude is
proportional to frequency, following a
6dB /octave slope, and is affected by
spacing between magnet and pickup.

Fig.3 shows the complete assembly
attached to the motor. Adjustment is
provided to minimize alignment error of

' the stator by checking the flutter of the

complete system with the tachometer
frequency conveniently adjusted to 3kHz,
the centre carrier frequency for most
flutter-measuring instruments. Typically,
the flutter is below 0.01% r.m.s. using a
0.5 Hz - 200 Hz bandwidth.

Servo
The trend in speed control systems seems
to be toward digital techniques, rather
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than the well-established linear methods of
operation.

Consider the basic block diagram. in
Fig. 4. The alternating signal from the
tachometer is amplified and amplitude
limited by a differential operational
amplifier 4,. The output drives a precision
monostable multivibrator that generates a
pulse at each positive-going transition of
the signal from amplifier 4,. The
complementary output of the monostable
circuit is used to drive a pulse-width
discriminator circuit, in which the charge
and discharge rate of the capacitor is
controlled by resistors R, and R,
respectively. As the tachometer frequency
increases, the period of one cycle of
tachometer signal will approach that of the
monostable circuit. The monostable
produces a progressively narrower pulse,
because its complementary output is the
difference between the uniform “normal”
pulse and the period of the tachometer. If
the tachometer continues to increase
frequency, its period will equal that of the
monostable and the complementary pulse
will suddenly disappear. The pulse width
discriminator circuit senses this rapid
change and the charge potential on the
capacitor C falls. The potential change
across this capacitor is amplified by a high
gain d.c. servo amplifier which controls

Fig. 2. The magnetic pattern on the
rotor, made visible by a particle viewer.

Fig. 1. Tachogenerator, showing the
Dprinted-circuit stator winding and the
flexible magnetic rotor.
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Fig. 3. Complete assembly of motor, tacho and electronic unit.
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Fig. 4. System block diagram.
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the motor. The output of the d.c. power
amplifier has complementary transistors
connected to enable one transistor to act
as a brake; the other is used as the
accelerator.

Reviewing this simple system, it can be
seen that considerable drift-free gain is
available by wusing the pulse width
discriminator driven by the monostable
complementary output. Stability and
damping are dependent on the RC
networks, and the phase lag and /or lead
characteristics within the loop.

Electronic design

Tachometer amplifier. A uA739 dual
operational amplifier was used for the
tachometer amplifier and d.c. driver
amplifier. This is available in a dual in-line
package, providing high open-loop gain
and differential inputs. An RC network
was used to limit the current and voltage
output, and to interface it with a 5V logic
circuit. The complete servo circuit
diagram is shown in Fig.5. ’

A step-up transformer was used,
utilizing the very low impedance of the
tachometer to make a larger signal
available at the input of the amplifier. The
differential inputs are driven push-pull,
affording full gain of the i.c. and high
common-mode rejection. From very low
speeds upwards, the output from the
amplifier is a square wave. Only the
positive-going edges are used for control
purposes, as the particular application for
the servo did not warrant use of each zero
crossing, which would have added
complexity -and mark-space adjustment
requirements to the design. The design
speed range was 600-4800 r.p.m., and
half-wave detection (positive-going zero
crossings) is adequate.

bootstrap feedback
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Fig. 5. Complete circuit diagram of the servo. |
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Fig. 6. (a) monostable and control circuit () waveforms in the control circuit.

Retriggerable monostable. In the original
prototype circuit a 9608 monostable
integrated circuit worked well, giving the
necessary retriggerable characteristic to
enable the 97% or more duty cycle to be

achieved. However, temperature stability .

was found to be a problem when extreme
accuracy is required. To overcome
- temperature stability problems, a lower
cost, highly stable circuit was developed.
This consists of a quad 2-input gate,
interconnected as an R-S flip-flop, and a
shaper circuit. The accurate timing pulse is
derived from a programmable unijunction
transistor, with a switching transistor
added to reset the circuit in addition to its
self resetting ability when the unijunction
fires.

To explain the pulse generation
sequence, reference must be made to Fig.
6(a) and (b). Directly upon the application
of power, the R-S flip-flop can assume one
of its two states. The unijunction timing
capacitor charges, and the device
avalanches to its negative resistance state,
producing a sharp voltage pulse at the
cathode resistor. This pulse resets the
flip-flop if the set state came up. During
this initial period where the tachometer
signal is absent, the unijunction operates
as a conventional relaxation oscillator.
The reset state of the flip-flop is detected
as a steady state signal by the pulse width
discriminator and the motor accelerates
under full power. ‘

The flipflop is also driven by the
positive transitions of the tachometer
signal, “setting” the flip-flop at each
transition. At speeds below the controlled
state, the flip-flop is continuously reset by

Y to monostable

unijunction anode
monostable ‘normal’ output

complement

unijunction anode

speed | o _U
1

A
monostable ‘normal output

complement

unijunction anode

monostable ‘normal’ output

above
set < o—
speed

(o]

the unijunction circuit after a precise delay
period (determined by the RC network of
the u.j.t. circuit). Notice that the timing
capacitor is deliberately discharged by a
transistor switch at each positive transition
of the tachometer signal; this transistor is
driven from the shaper section of the
SP380A i.c. The waveforms appearing at
various points of the system aie shown in
Fig.6(b) for three conditions.

The need for the transistor switch to
discharge the timing capacitor, in addition
to the natural function of the unijunction,
will become obvious if the overspeed
condition is examined. The capacitor
potential is never allowed to reach the
peak voltage point of the unijunction at

overspeed, and the control voltage to the -

d.c. power amplifier is zero. This only
occurs when an instantaneous command
signal is given to slew to a lower speed, or
to stop. At control speed, the pulse width
from the monostable section of the servo is
in the region of a few microseconds to

about 15us, depending on the stability

criteria dictated by the friction, inertia,
and compliance cf the mechanical loads
_ imposed on the system. The narrow pulises
are sufficient to maintain partial charge on
the pulse width discriminator capacitor,
and the motor power is controlled at the
level required to hold the speed selected.

Puise width discriminator. The pulse width
discriminator design is shown in Fig.7.
This circuit uses 7r, to partially discharge
capacitor C after the pulse has charged C
to peak value. The. discharge transistor is
driven via the - differentiating network,
using the same pulses that drive the

complement

(b)

A

T CRs
siewing up

input 1 l | l | l |
input 2 h h h

Fig. 7. Pulse-width discriminator, with

waveforms.
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‘monostable, hence the time displacement.

The object in this development was to
produce a circuit that provided efficient
conversion and low, easily filtered ripple
content. Ripple can appear as a large
portion of the motor current causing a.c.
fields around the motor and audible noise
at the tachometer frequency, both
undesirable when the drive system is used
in a magnetic tape transport.

The bandwidth of the servo is
dependent on many things: the magnitude
of the charge and discharge increments,
the pulse width, the value of the capacitor
C in Figd, and the reference voltage
presented to one input of the d.c. amplifier.
It was found that this reference voltage
required adjustment for each speed,
because the average value of capacitor C
potential changed with variation of pulse
repetition frequency when the optimum
pulse width was found. The width of the
pulse determines the closed-loop gain of
the system, and further d.c. feedback was
injected into the reference networks (Fig.5)
so that optimom pulse width was
obtained over the whole speed range using
feedback derived from the main control
voltage network. Good tracking was
maintained over the required speed range.
Measurements made on the pulse width
discriminator used in the system illustrated

in Fig.5 showed that a lus increment in,

puise width produced 0.6 amp d.c. change
in the motor circuit, which is ample gain
1o maintain efficient control.

Power amplifier. The d.c. power amplifier
section shown in Fig.5 uses the other half
of the wuAT39 operational amplifier,
driving an output stage. One input of the
#A739 is supplied from a d.c. potential
divider; the other input is taken from the
pulse width discriminator output filter. The
resulting differential is amplified so that a
large direct current level is available to
energize the motor. Current feedback is
obtained by a low value resistor effectively
in series with the motor; the resulting
voitage is fed back to one input of the
preceding #A739 amplifier, reducing the
overall gain to a convenient value.
Another two feedback paths are used, one
being conventional negative feedback and
the other a reference tracking voltage
derived from the p.ut. gate control,
potential. -This offset voltage ensures

-optimum control pulse width over the

complete speed range.

Two output transistors are used, in
complementary symmetry configuration.
The p-n-p transistor controls the motor
drive current, while the n-p-n does the
braking when slewing to a lower speed or
to a stop, using the back e.m.f. of the
motor.

Performance

Accuracy. The speed accuracy was, as
expected, proportional to the tachometer
frequency and directly related to the
tachometer pulse width feeding the peak
detection network. To maintain the closed
loop gain at a high value, a low impedance
supply was necessary to supply the
conventional permanent magnet motor
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Fig. 8. Speed regulation curve of the
system, with and without the bootstrap
Jeedback circuit.
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Fig. 9. Residual flutter of the system,
showing a fundamental at 50Hz.
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showing the effect of compliance and
mass of the drive.

Fig. 12. Response of the system to a 5Hz
square wave injected into the control
network. i
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rated at 12 in. oz. continuous torque
output.

The speed regulation comparisons are
shown in Fig.8 for a midrange speed
value. Improvement in speed regulation
was achieved by using a d.c. “bootstrap”
connection from the collector of the driver
transistor 7r, in the d.c. amplifier section
to the ‘gate control network of the uni-
junction transistor in Fig. 5. The family of
curves shown were obtained by checking
speed regulation with and without the
“bootstrap” connected.

Bandwidth and transient response. The
ability of the servo to follow a sinusoidal
speed variation by means of injecting a
low frequency signal into the network
controlling the p.u.t. timing is a measure
of the system bandwidth, or response to a
rapidly changing “instruction”.

To measure the actual speed
fluctuations of the servo, a flutter meter
with a centre carrier frequency of 3000Hz
was used to monitor the tachometer
signal. The servo speed was adjusted to
give a 3000Hz signal and the resulting
flutter was measured, first without the
sinusoidal programme, then with it. The
frequency was varied from a few Hz to
over 100Hz until the magnitude of the
sinusoidal flutter component reduced by 3
dB. The residual flutter of the system
alone is shown in Fig.9, which is typical
for this design. The bandwidth graph is
shown in Fig.10. Transient response was
also measured in a similar way, by
injecting a low frequency square wave into
the control network. The resulting
response. waveform was displayed on a
cathode ray oscillograph, and is shown in
Fig.12 demonstrating the inherent near
critical damping of this servo system. The
response to a 1% step increment of speed
was achieved . in less-than one revolution.
The bandwidth of the servo was such that
no ill effects were produced by the natural
mechanical resonance of the motor shaft
and tachometer motor assembly, as the
resonance was above 850Hz.

When the motor was coupled to a
typical tape transport using a Mylar belt
and flywheel arrangement, a new set of
conditions became apparent. The flywheel
mass and the belt compliance form a
resonant circuit of a significant Q value.
Should the “gain” of the servo be high,
oscillation can occur within the passband
of the system, and adjustment of control
pulse width (“gain”) is required to give
optimum stability. The action is analogous
to the electronic a.c. amplifier when-there
is a resonant circuit within the feedback
loop. Provided that the gain and phase
shift are present, oscillation will commence
(if they are present in excess of the
classical requirements for stability). At
first sight the belt and flywheel of the servo
coupling drive is outside the “velocity
loop”, but it does feedback heavily, using
the motor as a transducer to upset the
control ability of the device. This results in
the modified bandwidth plot of Fig.11.

Application. The reason for developing
this particular servo was to incorporate it
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in a precision tape transport, to replace an
a.c. two-speed hysteresis synchronous
motor. The 3M professional 16-track
recorder was used as a particularly good
example to evaluate the servo drive, the
two-inch tape producing a high load, and
the differential “Isoloop” capstan
extremely low wow and flutter
performance over a bandwidth of
0.5-200Hz. The servo drive was shown to
perform well, giving reliable low flutter
performance figures of around 0.035%
r.m.s. at 15 inches per second. Long-term
speed stability and variations due to load
change were found to be better than 0.1%.

The main sources of temperature drift
are the base-emitter and saturation
potential variations in T, and Tr, (Fig.5).
The p.u.t. is compensated by the diode in
series with the gate. The variations in T,
and 7r, are complementary and tend to
cancel as do the p.ut. gate and diode
combination. Typical spread on a pilot run
of printed circuit units was +0.2% speed
variations for 0°C to 55°C temperature
range. The actual environment secen in
studio recorders is likely to be + 20°C to
+ 40°C. Some drift is also present during
“warm-up” due to self-heating of the
various components of the servo, but these
effects were consistently below 0.19%.

The speed could be continuously varied
over a 16:1 range, or switched to set
values between 300 and 4800 r.p.m. A
single resistor value can control the speed.
The gate voltage of the programmable
u.t. is the parameter which controls the
speed — low voltage at this point
produces shorter timing pulses from the
hybrid monostable circuit, high voltage
produces long pulses, and the servo will
run at a speed where the pulse duration
corresponds to the period of the
tachometer. The limiting factor here is the
extremes of voltage at the gate cf the
p.u.t. — the device has a low limit of a
few volts, the upper limit being a potential
few volts below the maximum rating for
the device itself.

Another important requirement for
range of control is the motor rating. At the
high end of the range, there must be a
good margin of potential left for the servo
circuit to use and to provide effective
control. The electromagnetic tachometer
output must be high enough at the extreme
low end of the speed range to produce the
correct limiting action from the
tachometer amplifier.

The servo could be phase locked to a
sinusoidal ~signal within 2% of the
tachometer frequency. The servo was
mildly sensitive to amplitude of the
synchronizing signal, the optimum point
being about 0.5V r.m.s. injected into the
lower end of the control network. This
limited capture range is inherent in this
type of integrated pulse system, allowing
only one pulse to be generated by the
monostable per period of tachometer, for
satisfactory operation.

The author wishes to thank the 3M
Company for giving permission to publish
this paper, and credit is due to the

engineers of the Mincom Division; Jack:

Mullin, Pete Amass, Ken Clunis, and

“Servomechanism  Practice,

others in the Audio Lab for their help and
ideas during the development and in the
preparation of this paper.

Further reading

Ahrendt and
Savant, McGraw-Hill .
General Electric Application Note 90.70
Motorola Application Note AN-445

Appendix

Electrical gain motor-to-

tachometer =64 rad/rad
Electrical gain motor-to-

tape =2880rad/rad
Discriminator gain =0.053V/rad
Voltage amplifier gain =16V/volt
Power amplifier gain =17.7A/volt
Inertia of motor and

tachometer =0.006 oz in/sec?
Bandwidth, basic servo only =100 Hz
Bandwidth, totat drive

system =90 Hz
Residual flutter of

tachometer =0.01% r.m.s.
Residual flutter from tape  =0.035% r.m.s.
Residual carrier leakage

current =0.07A p-p
Residual rotational errors ~ =0.05A p-p
No-load direct current =0.33A
Typical operating system

current =0.7A

On-off slew rate — up,

basic servo =4000 rad/sec®
On-off slew rate — down,

basic servo- =800 rad/sec?
Incremental slew rate,up =270 rad/sec?

Incremental slew rate, down =113 rad/sec?

Long-term speed accuracy

at 25°C =0.1%
Temperature coefficient =0.01% per °C
Signal-to-noise ratio

r.m.s. ripple/max. drive

current =34dB

Flutter rejection coefficient

open-loop gain

closed-loop gain =55dB
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Obituary

G. G. Gouriet

The early death of Geoffrey Gouriet at the age
of 57 is a great loss, not only to his colleagues
in the B.B.C., but also to his many friends and
associates.

After various jobs as a clerk, service
engineer and design and research engineer, he
joined the B.B.C. in 1937 as a junior mainte-
nance engineer. He was soon transferred to the
medium-wave transmitting station at Penmon
in Anglesey, and there spent all his spare time
in studying the fundamental aspects of radio
and electronic engineering. Most young people
aspiring to the heights of an engineering
career need a university training or the equi-
valent, but Mr Gouriet was quite capable of
thinking for himself and this contributed to his
great capacity for original work — he was the
author of 31 patents and. he wrote a con-
siderable number of scientific and engineering
papers. In 1939 he transferred to the crystal
drive section of the B.B.C.’s transmitter de-
partment at the research premises in Balham,
where his work had a major influence on the
success of the method of operating several
transmitters on exactly the same wavelength,
thus enabling broadcasting to continue during
air raids whilst preventing enemy aircraft from
using the broadcast signals for direction
finding.

In 1943 Mr Gouriet joined the research
department, at first in the aerial section and
then in television where he became Head ‘in
1950. From that time until, in 1958, he
resigned from the B.B.C. to become technical
director of Wayne Kerr Laboratories, he made
great contributions to the science of television.
The method of equalizing the linear distortions
imposed upon a television signal by the appa-
ratus through which it passes, by means of a
set of time derivatives of the signal was perhaps
his most important technical contribution and
although the method had been used in certain
specific cases, he clarified and generalized the
theory, making it available to all. In 1956 he
represented the B.B.C. on the International
Radio Consultative Committee of the Interna-
tional Telecommunication Union in the
U.S.S.R. and Poland. ]

At Wayne Kerr he maintained his interest
in derivative equalization and applied his ideas
to the clarification and improvement of certain
aspects of feedback and control theory, parti-
cularly as they concerned the rapid but precise
movement of heavy mechanical equipment.

In 1964, Mr Gouriet rejoined the B.B.C. as
head of research, bringing to this work his
special gifts of enthusiasm, friendliness, tech-
nical integrity and an intuitive but incisive
mind. In 1968 he became chief engineer,
Research & Development; ¢s overall chief
of the research and designs departments. He
had been elected chairman of the Electronics
Division of The Institution of Electrical En-
gineers in 1964 and became a member of the
Council of that institution in 1967. In 1968 he
was chairmarn of Council of The Royal Televi-
sion Society; in 1955 he had delivered the
Fleming Memorial Lecture of that society. The
climax of his career was the delivery of the
Christmas Lectures of The Royal Institution in
1972. Shortly after this he was awarded the

.C.B.E., appointed as Visiting Professor of Elec-

trical Engineering at Imperial College of
Science & Technology with effect from Ist
October 1973, and was elected to membership
of The Athenaeum. He was a very gentle man
whose enthusiasm and desire for deep under-
standing of natural philosophy inspired all who
came into contact with him.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Feedback amplifiers

Following the interesting and informed
article by Mr Walker on low noise ampli-
fiers (Wireless World, May 1972) there has
been a protracted and inconclusive series of
letters discussing the various merits of shunt
and series feedback connections with regard
to noise and distortion. ‘

I would almost certainly have been happy
to let this die out in its own way had not the
discussion gone completely off the rails in
John Linsley Hood’s letter “Feedback Am-
plifiers” in the May 1973 issue.

Mr Linsley Hood suggests that the dif-
ference between the series and shunt feed-
back connections in the circuit given arises
because in the series feedback case the
signal is not normally attenuated much
between source and amplifier, whereas in
1he shunt feedback case it will be attenuated
4-6dB depending on suitable operating
parameters.

The effect of a finite input impedance in a
feedback amplifier can be considered as a
reduction in loop gain, and for the two
connections, see Fig. 1, the effect of input
impedance are as below.

Series feedback:

Ey
. El -
R,+R
A®| — R :LbR
R+ be)<1+ = ——S>+A(S)Re
When R, = R;and R;, —» o0, A(s)> 1
_ R,+Ry '
=%
Shunt feedback:
R
& = —A)— T
E, (A(s)+ )R+ Ry (L + R/R;,)
In the limit R;, — o0, A(s)>1
e
R

S

It can be seen that the sensitivity of the two
circuits to finite input impedance is similar,
with suitable values, e.g. a loop gain of
500 R;, = 15kQ, R, = 50kQ, Ry, = 500kQ,
thereductionin gainineachcasebyconsider-
ing R,, finite is: series 1.3dB, shunt 0.8dB.
1t is not correct to assert that the intrinsic
problem with a shunt feedback amplifier is

that its input impedance attenuates the
signal by 4-6dB. It is readily seen from the
equation that the input impedance becomes
insignificant anyway when R;, — R, and
completely insignificant for A(s)>»1. It is
therefore simply a problem of good design
to assure that R;, is a suitable value, not a
drawback of a feedback connection.

Mr Linsley Hood goes on to say that (in
the shunt feedback case) the noise impedance
seen by the input is not the input resistor
circuit value but the value of the “‘virtual
earth impedance”, and suggests that this
impedance is 600-1200 ohms. This comment
is quite amazing. What is a virtual earth im-
pedance? One can only assume that it is a
phantom idea to describe how “earthy” the
virtual earth point is.

It is quite misguided to use this idea. The
virtual earth is a phenomenon resulting
from the feedback connection but it does
not have an impedance as such that can
generate noise.

A shunt feedback amplifier is a current
amplifier, and the low noise condition is
with the input open circuited, i.e. in Fig. 1(b)
the generator E; is open-circuited. The

noise of the amplifier here is determined by -

the thermal noise current generator in Ry,
and the noise factor of the amplifier with a
source resistance of Ry,

€i

(a)
—AAA
Rep
€o
—0
((s)]
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In its mode of use (£, short circuited) the
source resistance is R,//R;, and the noise
current of R, is significant. Certainly a
47k source resistor will generate a noise
voltage of 3.9V and provided the input is
short circuited this will be shown in the
amplifier noise performance.

In the case of the pickup amplifier R, =
47kQ, Z,(s)> Ry it can be shown by calcu-
lations that the maximum s/n ratio with a
cartridge connected is 58dB ref. 2mV.

Experiment and theory clearly show a
marked increase in the noise of such an
amplifier when the input is short circuited.
Perhaps Mr Linsley Hood could explain
how connecting a 47kQ resistor in parallel
with a 1000Q virtual earth impedance can
give a 10dB rise in noise?

Finally, on the subject of distortion, good
circuit design can easily permit a series
feedback amplifier to have a repeatable per-
formance of s/n better than 70dB s/c ref.
2mV and distortion less than 0.019; in the
audio range. The fact that this cannot be
achieved with a 741 should be considered
irrelevant by any engineer concerned with
these and any other important design para-
meters not covered in the arguments to date.
J.R. Stuart,

Lecson Audio Ltd.,
St Ives,
Huntingdon.

May 1 offer the following points regarding
recent correspondence on distortion and
noise?

(1) “Common-mode distortion” . In many
cases of practical interest, it is the variation
of C,, of the first transistor with V,, (Early
effect) which dominates. Considering a
BC214 input stage run at ¥V, =5 and
handling an input of 1 volt r.ms., the
Texas data sheet indicates a capacitance
swing of 3pF. This corresponds to a second
harmonic distortion of 0.1%] at 20kHz if the
source impedance is 10kQ. A considerable
reduction in Early effect distortion, and
almost complete elimination of the other
distortions which are not amenable to
reduction by feedback, may be obtained by
using a bootstrapped cascode arrangement
(Fig. 1).

There is now an Early effect from the
upper transistor’s C,,, but it is much less
than before since-it injects distortion into
the output, not the input. In fact if the
quiescent current through the transistors is
chosen for optimum noise figure from Ry,
then the Early effect will be reduced by a
factor \/f. This circuit permits the lower
transistor to be run at a very low V,,, for
optimum noise performance, without com-
promising the ability to handle large signals.

(2) Reduction of distortion by feedback.
The statement by Mr Hood and quoted by
Messrs - Mornington-West and Vereker
(May issue), that quadrature components
of the feedback are ineffective in reducing
the distortion, is absolutely without founda-
tion, as is shown in the appendix to this
letter.

To understand the poor high frequency
performance of Mr Linsley Hood’s Hi-Fi
News design it is sufficient to consider how
much feedback is applied round the output
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stages. Apart from the usual local feedback,
it amounts to 51dB at 20kHz.

It is not nowadays safe to assume that the
effect of a “h.f. stabilising capacitor” is
confined to high frequencies. In the design
mentioned above, the dominant lag capaci-
tor looks harmless enough at 220pF, yet it
gives an open-loop break point of 10Hz.

(3) The measurements reported in
Mr Linsley Hood’s second letter in the
May issue point to interesting possibilities
in noise reduction.

Consider a notional dividing line between
the 47kQ resistor and the rest of Mr Linsley
Hoo's virtual earth circuit (Fig. 2 (a)).
The combination on the left will, as he says,
produce an open-circuit noise of 3.9uV.

47k
S{ ©

(a) Quiet record,room temperature resistor

I

| virtual

! earth

! circuit
-0 }

virtual
earth
circuit

Fig.2
(b) Noisy record, cooled resistor

Now let us take a gramophone record on
which, by some mischance, tape hiss has
been recorded, and let us choose a pickup
of the right sensitivity so that this hiss
appears as exactly 3.87uV on its output
terminals. Pickup and resistor will then

produce ,/3.9%+3.872 = 5.54V of noise,

but if we now immerse the resistor in a
dewar of liquid helium (Fig. 2 (b)) the open
circuit noise will once again be 3.9uV.

The impedance presented to the circuit on
the right is of course exactly the same for
Fig. 2 (b) as for 2 (a), so it should need only
a little fiddling of the frequency spectra to
convince the circuit that it is connected as
in Fig. 2 (a), when the truth is 2 (b). If now
the circuit can achieve the noise value of
0.6uV claimed by Mr Linsley Hood, then a

noise reduction of 20 logm% = 16.2dB

will have been obtained.

Perhaps some cnterprising record com-
pany will consider this technique for re-
vitalising its pre-Dolby LPs?

Peter G. Craven,
Oxford.

Appendix

Let the amplifier have perfect common
mode rejection so that V,,, is a function of
V, only. Suppose that we are trying to
reproduce a sine wave of unit amplitude
and that it is possible to predistort ¥ so
that V,, is a pure sinusoid. Let “X** be the
assumption that the gain of the system to a
small signal superimposed on the input is
not greatly affected by the presence of the
large signal. X will be false if the amplifier
is near to clipping.

Let the gain (V,,/V,) of the amplifier at
the ith harmonic of the sinusoid be 4; and
let B; be the corresponding feedback factor
(V;/Vou)- To take account of phase shifts,
A; and f; will be complex. Suppose that we
have succeeded in making V,,, a pure sine-
wave and that d; (also complex) is the ampli-
tude of the ith harmonic of the predistorted
signal V| necessary to achieve this. Since
the feedback network is assumed linear,
V, will be a pure sine wave, and since
Vin = Vi+V,, it follows that ¥V, must also
have an ith harmonic of amplitude d;.

We wish to consider a pure ¥;,, and this
we get from the predistorted V,, by adding
—d; of the ith harmonic for i = 1. .. o0.
By assumption X there will appear har-
monics at the output, the amplitude of the
ith being — G,d;, where G, is the gain of the
system (including feedback if any) at the ith
frequency.

Since d; does not depend on the feedback,
we have proved the well known fact that
feedback reduces each distortion product
in the same ratio as it reduces the gain at
the frequency of the distortion product.

By clementary feedback theory, G, is
given by

4,
G =,
1+A4;5;
and comparing with the case f = 0, it is

clear that introducing the feedback has
reduced the gain, and hence the distortion

-
+
vy _ 2
\% 1vn Vi
feedback out
network

Ve T l

o ()

by a factor |1+ 4,f;|. This factor we now

evaluate for an amplifier with a loop gain

of 10 (|4;8;| = 10).

No phase shift — 4,f; is real and positive
= |1+4:8] = 11

90° phase shift — A4, §; is pure imaginary
- |1+ 4,8 = 10.05

180° phase shift — 4,8, is real and negative
|1+ 48] =9
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Mr Linsley Hood replies:

I am sorry that Mr Stuart feels that the
debate on feedback amplifiers “has gone
completely off the rails”, but he has taken my
letter somewhat out of its intended context.

To refer specifically to the main point of
this—measurements suggest that the s/n
ratio of an amplifying circuit with shunt f.b.
is a few dB worse than in the case of the
series f.b. circuit with the same value of
input resistance.

I believe that this phenomenon is real,
and that it is due to the fact that any real
amplifying device will require some input
energy—significant in a bipolar transistor—
and that in the shunt circuit this is obtained
from the input signal.

In the latter part of my letter T suggested
an alternative method of considering the
noise impedance seen at the input—which
is a voltage node—in a shunt f.b. amplifier.
If one considers the amplifying element,
having a known open loop gain, as being
detached from the feedback loop but ampli-
fying the noise voltage seen at that point,
the noise impedance of the “virtual earth”
can be derived, if one is interested to do this.

This observation was not specifically re-
lated to the s/n ratio of a shunt feedback
circuit, which is best approached by con-
sidering it as a current amplifier. In this case
the input noise currents decrease as the root
of the admittance (1/Z) of the input limb,
whereas the signal current decreases lin-
early. Other things being equal the lower the
input limb impedance, the better.

In the particular case of a pickup ampli-
fier circuit with R.[.A.A. equalisation, it
should be remembered that the effective
noise bandwidth is only about 500Hz. Since
this allows a s/n ratio with a 47kQ inpu
resistor and a shunt f.b. circuit to'be —72dB
ref. 5SmV (—64dB ref. 2mV) I suspect that
the “calculations” to which Mr Stuart refers
assume a wider bandwidth than this. The
relative advantage of the series circuit
diminishes with frequency when used with
an inductive element such as a magnetic
p.u. cartridge, from about 11dB at 1kHz to
some 3dB at SkHz. (Assuming a 600mH
cartridge inductance, and a series f.b. input
d.c. resistance of 2kQ).

In reply to Mr Craven, on the more
important point of the extent of distortion
reduction by feedback at phase angles other
than 180°, the problem is that the predicted
distortion reduction from the formula

D F AF

D A

gives unsound results under these con-
ditions, whether the gain is calculated by
the method Mr Craven shows or whether it
is derived by the classical formula below,

4
" J1+|BAP—2]pA]cos

where @ is the £.b. phase angle.

As an example, a non-linear amplifier
element, having a gain of 100x, an input
impedance of 4.7kQ and a t.h.d. of approxi-
mately 47, at 1kHz and 1.5 volts r.m.s.
output, was set up as shown i the figure,
with an output lag circuit whose values were
chosen to give a phase lag of 90° at 1kHz.
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When S, was closed, to apply “negative”
feedback (10dB at 20Hz, although the gain
reduction was only 2dB at 1kHz) the t.h.d.
at 1kHz increased from 4.7% t0 6.3%. How-
ever, when the phase shift introducing
elements {C, and C,) were removed, closure
of the switch to introduce true negative
feedback reduced the th.d. from 4.1% to
1.39, which is in line with theory. In both
cases, when feedback was applied, the input
to the amplifier was increased to give the
same output at point “A” (1.5V r.m.s.) as
in the no-feedback case.

J. L. Linsley Hood,
Taunton,
Somerset.

Car seat belts

As a campaigning member of the
relatively small percentage of seat-belt
wearing drivers, I nevertheless must add a
note of protest against the gleeful
hand-rubbing in anticipation of forthcom-
ing contracts which formed the basis of
Vector’s article in the May issue on the
proposed automatic seat belt interlocks
involving the use of i.cs.

The i.c. boys have indeed “got it made”
as he suggests, and advantage will
doubiless be taken of the opportunity to
scale new heights of technological overkill
with the machines on which many are
obliged to depend for personal transport.
One needs only to observe the panic of the
visitor to London when confronted with
automatic ticket barriers at tube stations
to judge the total inadequacy of the
non-technical majority when faced with
mechanisms which demand a. specific
sequence of human responses in order to
perform their function.

I realise that humans adapt gradually to
the numerous complexities of modern
living, but have you ever tried to fasten an
American 3-strap seat belt while lights
flash and a mind-numbing buzzer sounds?
The experience is the most persuasive
inducement to leaving the belts
permanently locked behind the seats.

Quite apart from this, many people
firmly believe that the individual should
retain the right to be hurled through the
windscreen of his car at will, and that the
burden of his personal safety in this
instance should neither be shifted to the
already over-intrusive state, nor to.the
already overworked police force.

Any safety regulations and technolog-
ical advancements which prevent an
individual from endangering others must
be applauded, but regulations covering
personal safety could never be
far-reaching enough to be 100% effective,
and until such time as you produce a
solid-state system as a substitute for the

human brain — there will always be a
man prodding wires into an electrical
socket with matchsticks, leaping from a
bus into the traffic stream, and refusing to
wear his seat belt.

Lyn Heigl,

Studley.

Wilts.

Magnetic units

1 am much obliged to Dr McCaig for
replying in the June issue so informatively,
direct from the Permanent Magnet
Association at Sheffield, to my articles on
magnetism (Jan. and Feb. issues). (At least
the P.M.A. hasn’t made complete
nonsense of my criticism directed at
Sheffield by having moved, unknown to
me, to Bognor Regis or Lerwick, in
keeping with the trend towards dispersal.)
My apology is due to the P.M.A. for my
having suggested that it, like the incredible
referee cited by Dr McCaig, is stil
unaware of SI units. I do, however, remind
readers that my technique of trailing my
coat provocatively in order to ‘elicit
information is or should be well known by
now. And T wish Dr McCaig had made
clear what practice has been continued in
the majority of P.M.A. publications during
the last 20 years. Listing permanent
magnet properties in m.k.s. as well as
c.g.s. units? If so, it would seem to be as if
our Government were to continue for the
20 years after 1971 to give money values
in decimal units as well as £.5.d. In short,
not much encouragement to make the
effort to change over. Which may be one
reason why the majority of papers on
magnetism continue to use c¢.g.S. units.
(This was actually my essential grouse.)

_ And what units do individuals within the

P.M.A. normally use?

However, assuming that the P.M.A.
collectively and individually is doing all it
reasonably can to encourage abandon-
ment of c.g.s., with renewed apologies to it,
I hereby amend my strictures by altering
the address of the target from Sheffield to
all those places where people use c.g.s.

units without reasonable excuse. In this at .

least I would seem to have the influential
backing of Dr McCaig.

Although I'm not altogether convinced
that standardizing the unit and symbol for
“intensity of magnetization” (or whatever)
would make all the difference to
acceptance of SI units by workers in
magnetism (surely the question arises with
any system of units?), I'm at one with Dr
McCaig on the desirability of tidying up
here. In so far as I have used this quantity
(and that is not at all far, as I shall explain
in a moment) I have used the symbol M,
but T would happily accept J if that is
decreed; in fact, I’ll accept it now, for
although there is unlikely to be any
confusion with mutual inductance they do
both tome into related contexts. And my
preferred unit is the tesla, since from a
practical point of view one can regard J as
the difference between the actual flux
density and the corresponding flux density
in vacuo, both of these being in teslas. But
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I take Dr McCaig’s point that if the
chosen measurement technique makes it
more appropriate to treat it as a kind of H
by reckoning it in A /m, fair enough.

Finally, I must reply to the charge that I
ignored the need for the quantity J. I plead
guilty. But without remorse. For Dr
McCaig is a physicist and represents
magnet manufacturers. I am an engineer
and, for the purpose under discussion,
purport to represent consumers of
magnets among a great many other things.
So it is hardly surprising if the attitudes to
J are quite different. I don’t for a moment
doubt that to the people Dr McCaig
represents J is, as he says, fundamental.
Under a disguise, for readers who I
assumed were interested in the theoretical
physics of magnetism, I myself once found
it necessary to introduce J (as M). But I
very much doubt that it is a necessary or
desirable part of an elementary 7-page
treatise on magnetism and magnets for
readers to whom this subject is incidental.
I’ve never once needed J to deal with
practical problems roughly within the field.
covered by Wireless World — in which of
course the word “Wireless” is rather like
the “candles” allegedly brought into the
House of Commons when it is too dark
for Hon. Members to see their order
papers clearly. It is interesting to note that
although the physicists Bleaney and
Bleaney in their substantial volume
Electricity and Magnetism (using m.k.s.
units) deal with J (as M, which is probably
where I got it) in the standard theory, they
hardly mention it in the sections on
magnetic measurements, And in
Hvistendahl’s book on units, J (or
anything like it) and susceptibility are not
mentioned. But then he is an engineer.
“Cathode Ray.” '

Printed circuits the easy way

Most people who have attempted printed
circuit work of a one-off nature will admit
this can be time consuming and tedious
using the normal method of draughtsman’s
pen together with either brushing Belco
or Humbrol as a resist. It requires con-
siderable artistic acumen or the patience
of a saint!

This chore finished and drying time
allowed, one has then to wait somewhere
between 25 and 50 minutes while surplus
copper very slowly dissolves in the etching
fluid.

The result of all this time and trouble
ought to be a neat web of sharp unbroken
lines and sensibly circular drilling points,
not the sorry bodge which frequently
causes the experimenter to revert to tag
board or pin board.

There had to be an easier way and
out of sheer frustration the following
was evolved. Instead of the draughts-
man’s pen and Belco a fibre tipped water-
proof marker pen costing about 22p, called
the ‘Miracle Pen’ (of Japanese origin) was
adopted and is a delight to use, producing
fine or thick lines with ease. (A 1lin
X 11in board took 10 minutes to draw,
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drill and etch.) Virtually no drying time
is required. The pen is refillable, but
" should last a considerable time provided
the cap is replaced when not in use.
For professional looking numbering and
lettering the self adhesive ‘Letraset’ used
as a resist has proved most effective.

All that remained was to speed up
the etching. Apparently some form of
effective agitation was required. Eccentric
cams were suggested for wobbling the
tank but just appeared to cause swirl;
supersonic agitation was obviously out
for kitchen use. The answer proved to
be aeration; this was easily and cheaply
provided by an electric aquarium air-pump
costing £1 together with a porous air-stone
at 5p to disperse the bubbles. A glass
water jug, narrow at the bottom and
wide at the top, was half filled with
a strong solution 60/40 ferric chloride
plus 2cc hydrochloric acid*. This is diluted
with an equal quantity of water. The
jug was placed in a polythene washing-up
bowl full of fairly hot water in order
to warm the solution the air-stone was
placed at the bottom of the jug and
connected by its tubing to the aerator.

When switched on, due to the “Vee”
shape of the tank, even dispersion of
bubbles throughout the fluid was ob-
served. The work to be etched was then
suspended in the fluid, etching was
completed in five minutes.

Rinse under the cold water tap to
remove etching fluid, then remove resist
with rag well moistened with cellulose
thinners. A final rub with Brasso and
‘the process is complete.

Should you make a mistake when draw-
ing the circuit a rag moistened with cellu-
lose thinners can be used as an eraser.

One other point I feel worth mentioning.
After assembly and soldering it is worth
while rubbing over with cellulose thinners
to remove untidy flux, then applying. a
coat of Ronseal thinned with slow cellu-
lose thinners as protection.

J. Ferguson,
Penrith,
Cumberland.

*The chemicals used by the writer are dangerous and
should be treated accordingly. Ed.

V.H.F. receiver performance

Isn’t it time that some “figure of goodness™
was instituted for v.h.f. receivers, other
than the useless “locks in at .tuV* or
whatever?

It is a revealing experience to try
several different v.hf. sets on the same
aerial. The results — especially on stereo
— go all the way from very good to ruddy
*orrible! Yet the specs give no hint at all as
to which is which. Nor does a list of
semiconductors give any indication.

I own two v.h.f. stereo receivers, one
all-germanium with a stereo lock in of 5
-u V, lineup r.f.-osc/mixer-3 if.ratio disc;
the other all-silicon with a stereo lock in of
2

sep-0.s.c-2 i.c. (CA3012)-Foster-Seely disc.

1 pV, lineup fet. rf. and mix-

Now which would you expect to be the
best? The actual fact is the former!
(Though I’'m working on the latter.)

Point being that in an advertisement it
would be the i.c. one which would seem to
be the best.

Given a dozen units to choose from —
how do you do it? Advice to “try” is
absurd. Surely there should be some
British Standard figure that could decide.
Ronald G. Young,

Peacehaven,
Sussex.

Amateur computer club

I feel that you and your readers may be
interested to hear that, as a result of
advertissment in your journal and other
magazines last year, the Amateur
Computer Club has been formed.

The club is for those interested in the
construction, design or programming of
computers as a hobby. At present the
main activity is the production of a
newsletter (which appears every two or
three months) which acts as a databus to
distribute information on hardware and
software techniques of interest to the
members.

Anyone interested in the club may
receive further details from me at the
address below (s.a.e. appreciated).

M. Lord,

7 Dordells,
Basildon,

Essex.

Power supply design

I was interested to read Mr R. Aston’s
article in the May issue. The idea of a
switching pre-regulator controlling the
voltage across the series element in the
main control loop is not new.

“Previous designs in my experience have
mostly used thyristors operating at line
frequency for the pre-regulator. I was
myself involved in such a design for an
ultra stable (5 p.p.m.) wide range constant
current supply. For reasons of isolation
this was operated from a 400Hz motor
generator set, but our experience showed
that it would operate equally well at SOHz
with suitable adjustment of smoothing
components.

The arrangement shown below in the
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diagram was used. A similar system is to
be found in power supplies manufactured
by the Harrison Division of H.P, and
elsewhere.

With the advent of modern power
switching transistors an obvious
modification to the above circuit would be
their use in a switching pre-regulator.
However, I was much discouraged in this
line of development by the manufacturers
(including Mr Aston’s company) of
commercial switching supplies who were
not interested in my proposal for a system
almost identical to Mr Aston’s.

J. F. Hiley,
Bishop’s Stortford,
Herts.

Audio amplifier design

I read with interest the letters on audio
feedback-amplifiers published in the May
1973 issue (Letters pp. 246-248), and would
like to comment on one or two of the points
raised.

Messrs Mornington-West and Vereker
make a useful point regarding the noise
contributions due to later amplification
stages. While I agree with their analysis, it
may be difficult to apply the result in the
case when stages are current rather than
voltage driven.

This is the case for the second stage of the
amplifier shown on p. 236 of my article on
low-noise amplifiers (May 1972); I found

. that current driving gave better linearity in

large-signal stages. For these conditions,
emitter degeneration in the second stage is
undesirable, and in any case major-loop
feedback is preferable provided stability
margins are met.

The noise contribution of the second
stage is readily calculated using Faulkner’s
concept’ of noise resistances, and since the
second transistor is being current driven
only the noise current generator need be
considered. Its noise is transformed via the
input transistor (a voltage to current con-
verter) to a noise voltage source or series
noise resistance at the input, of value:

R 7
2 hppa* 8mi

w2 = Bm2

Reference

1. Faulkner E. A. “The Design of Low-noise
Audio-frequency Amplifiers”, The Radio and
Electronic Engineer”, vol. 36, 1968, pp. 17-30.
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Comparing this with the series noise resist-
ance due to collector currént shot noise in
the input transistor (R,,; = 1/2-g,,), we
see that for R,, to be negligible (say
one tenth),

heEs * B

En2 T 10 (14 Ry gr)?
hence a ratio of collector currents of

Ic_z _ hpga
Ic; 10-(1+R,;- gmx)z

This is step 4 in the design procedure given
in my article (p. 236).

In practice, the second transistor will con-
tribute excess noise in its noise current gener-
ator so a good margin of safety is advisable
in shot noise calculations. For the feedback
triple given as the example, the second
stage contributes a noise resistance of about
60 ohms which is negligible compared with
the series resistors and noise resistance in
the input circuit. The presence of flicker
noise in the second stage may be detected
by shorting the input of the amplifier, thus
nullifying the effect of excess noise in the
first-stage current generator.

1 do not wish to reiterate the contents of
my article or previous correspondence in
connection with Mr Linsley Hood’s reply
to my April letter, but from a simple “ideal
case” analysis it is clear that with a low-
impedance source (e.g. a pickup cartridge)
the parallel termination offers a very much
better noise figure than the series resistor.
This follows directly from the noise figure
equation,

R R
N.F. = 1010g10<1+ﬂ+——w>dB
source parallel
and is independent of any attenuation due
to finite input impedance of the amplifying
device (intrinsic or otherwise).

In fact the attenuation of 4-6dB, quoted
by Mr Linsley Hood, due to this cause, is
quite incompatible with the achievement of
an adequate noise figure which demands
a common-emitter transistor input im-
pedance several times greater than the
source impedance, i.e. voltage drive con-
ditions (Ref. 1, section 3.2). If he believes
the input attenuation to be the problem,
why does he not use a field-effect transistor?

When he refers to the “‘noise impedance”
seen by the input does he mean the
equivalent noise resistance? Consider a
simple inverting operational amplifier of
gain A4 with equal feedback and input
resistors and with the input grounded. By
summation of currents at the virtual earth,

the noise output voltage is /4kTAf* 2R

giving a voltage at the amplifier input of ’

(4kTAf* 2R)/A* mean square volts, or an
equivalent resistance of 2R/42. This dis-
agrees with the virtual earth impedance of
approximately R/A, the summing point in
fact being quieter.

One would not expect the noise at the
virtual earth to correspond to the noise
voltage across the input resistor since the
amplifier is sensing the currents flowing.
The presence of a virtual earth (since it is
due to n.f.b.) does not affect the noise
figure of the input transistor which should
be optimised under open-loop conditions

(not for the virtual earth impedance) and
the feedback used to alter the input im-
pedance (Ref. 1, section 4.1). The virtual
earth impedance does not enter into the
noise calculations since it is a function
of the open-loop amplifier gain which
can be chosen arbitrarily from noise
considerations.

H. P. Walker,

South Queensferry,

West Lothian.

1 thank Mr Walker for his further letter,

and concur in general with his comments.
1 agree that a high input impedance

device such as an fe.t. would avoid the

problem of input energy loss on voltage to

current conversion. The difficulty is that

the required input impedance for such a

device, for optimum device noise figure, is

in the megohm range, which is unsuitable

for a low input impedance system.

J. L. Linsley Hood,

Taunton,

Somerset.

Distortion reducer

Mr Bollen, in the April issue (Letters,
p. 192), has correctly pointed out a term
which I omitted in my analysis of his

Distortion Reducer. Nevertheless 1 should -

like to develop the idea that his system is
essentially equivalent to the procedure of
increasing conventional negative feedback
around the main amplifier and adding a
pre-amplifier.

The correct expression for the input to
the main amplifier in the basic Distortion
Reducer is —S—S+ S+ D. With a gain G,
in the distortion channel this becomes
—S—-G,S+G,S+G,D, which we may
write as —S(14+G,)+G,(S+ D). The first
term is the original signal multiplied by the
gain of the equivalent pre-amplifier, and
the second term is equivalent to that pro-
duced by a conventional negative feedback
path.

I also offer the following more general
treatment, in the ‘hope that it may be
productive and begin to answer Mr Cock-
ing’s call for a comparison of the two ways
of reducing distortion.

Let the main amplifier have a (complex)
gain —G, the term D now being reserved
for distortion other than a mere quadrature
term, let the attenuation at the output
(previously 1/G) be 4, and let the distortion
channel have a (real) gain G,, as before.
Writing x for the net input to the main
amplifier, following the signal round the
loop, and solving for x, we find

__S(0+Gy)+D
- 14+ G,AG
If G is real (no phase shift in the main

amplifier) and A4 is made equal to 1/G as
before, this reduces to ‘

)

D

= —§——2
x 146,

confirming the earlier result that the equiv-
alent distortion input D is effectively re-
duced by a factor (1+G,).
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Fig. 2

Now consider the conventional circuit
shown in Fig. 1. A similar analysis leads to

_ GS+D
T 1+Gp

If B is chosen to be equal to G,4, and G5
to be equal to (14+G,), this becomes
identical to eqn. (1), showing that the two
feedback systems are equivalent, even when
there is a phase shift in the main amplifier,
and that stability should be as good, or as
bad, with either system. The relative merits
of the two systems may turn out to depend
on subtle considerations of linearity in the
op-amps, interference with the input circuit
of the main amplifier, or the like.

Finally, I offer Fig. 2 for consideration.
X is a linear active network. It will be seen
that the Distortion Reducer, the conven-
tional circuit, and others as yet uncon-
sidered can all be drawn in this form. One
would expect them all to behave similarly.
Richard G. Mellish,

Watford,
Herts.

Quantity names

‘Since the discussion on my “Unified
Dimensional Display” (March 1972), was
published in the January 1973 issue, the
dimensional position occupied by
“magnetic vector potential” has been
allotted the name “fluxivity” by John G.
McKnight in a project note on test tapes
appearing in the Journal of the Audio
Engineering Society for March 1973. This
is in order to describe the quantity “tape
flux per unit track width” used in magnetic
recording, measured basically in Wb /m,
but conveniently referred to nWb/m in
actual practice. )

In view of this tendency to evolve new
quantity names when needed, I suggest the
replacement of 1/permittivity’’, or
“reciprocal permittivity”, (unit m/F), in
my display system by the quantity
“forbidivity” (or “forbiddivity™), forbid
being an antonym of permit — or can
readers suggest something better?

R. N. Baldock,
Harrow,
Middlesex.
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Reliable operation —hour after hour,
year after year —is essential for closed
circuit cameras. You're more likely to
get thiskind of consistent reliability
with tubes from the vidicon

experts:EEV.

EEV vidicons coverall TV
pick-up applications, in mono or
colour, formost cameras—in
electrostatically focused and
magnetically focused types 1

Surveillanceequipmentmust bereliable. EEV vidicons
give you tube reliability you can depend on.

with a range of photo-

surfaces. Special rugged
typesare available to with-
stand shock or vibration.
- The EEV vidicon range is wide.
And it grows. And every tube
offers you the benefits of EEV ex-
perience: good picture geometry and
resolution and a long life expectation.

Write for type lists: orif you have a
problem, call our camera tube engineers

(separate or integral mesh) | at Chelmsford.

EEV AND M-OV KNOW HOW.

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 2QU. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford. .976.6'. E
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Video «omeeisHowel

Inthe United Kingdom Bell&Howell Video means:-
Electrohome  wonitors

Grass Valley Signal processing equipment

JVC Nivico %in. EIAJ1 Video tape recorders and cameras
Thomson CSF Specialised cameras and systems
Tamron Prime and zoom lenses

and of course (in England and Wales) -

Ivc 1in. colour and monochrome video recorders and cameras

The new EVM 23 monitor from Electrohome

Bell & Howell’s team of video engineers can " m% '
provide a video system to meet your needs. BELL E HDU-IELL
For further information write to:— e

Video Systems Division, Bell & Howell have

Bell & Howell A-V Ltd. a team of engineers and
Freepost, Wembley, Middlesex, HAO 1BR a world of equipment
Or telephone: 01-902 8812 ww 773 at their fingertips

B BeweHowetL [B 16mm PROJECTORS [ VIDEO CAMERAS [ OVERHEADPROJECTORS (B vioEO MonTors (Bl BewLe HowewL (B LanGuace MasTER (B suPer 8 cameRas (B SOUNDFILMSTRIPPROJECTORS
CCTV SYSTEMS -AUTO 8 PROJECTORS (B BetLe HOWELL. 16MM CAMERAS [P SUPER 8/REGULAR 8 PROJECTORS  TT VIDEO RECORDERS (B FILMSTRIP AND SLIDE PROJECTORS [t BELL HOWELL

WW-—075 FOR FURTHER DETAILS
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Montreux Television Symposium

Impressions of the conference, papers and exhibits

by Harold Barnard

It is twelve years since the first
International Television Symposium was
held in Montreux — originally as part of
the Golden Rose television programme
festival. There was a very small associated
exhibition — little more than baize-top
table displays — and 200 or so delegates
attended.

What has made this biennial event the
Mecca for so many of the world’s
manufacturers and users of television
equipment? It is certainly not the quality
of the 100 or more papers presented
during this year’s meeting (18-24 May).
There were undoubtedly highlights, but
many of them were little more than sales
blurbs on equipment on show. The
associated (or perhaps one should say
“dominating™) exhibition is now indispu-
tably the largest in Europe devoted
exclusively to television equipment. Then,
of course, there is the venue. How big a
part this plays in influencing nearly 2,000
delegates to register (several hundred of
them accompanied by their wives), one
can only hazard a guess. In all, of course,
“the delegates and their wives, plus the 500
or so staff of the exhibitors, must have
brought a considerable income to the
municipality of Montreux who, in
collaboration with the Swiss F.T.T., are
the organizers. Perhaps here lies the secret
— the event is publicized by and has the
financial backing of the town’s tourist
organization.

Some measure of the importance
attached to the occasion can be judged
from the fact that the delegates came from
30 or more countries and that there were
special delegations from Australia (over a
dozen engineers) and Scuth Africa (nine);
each of which will be starting colour
services in the next few years.

The exhibition occupied four floors of a
recently completed conference and
exhibition centre. There were nearly 100
exhibitors from 15 countries; among them
22 from the UK., 18 from Germany, 16

from Switzerland, 13 from France and 11 -

from the U.S.A. It should, however, be
added that several of the companies
shown in the catalogue with addresses in
Europe, are in fact, subsidiaries of
American concerns. It was gratifying to
see so many of the smaller specialist U.K.
companies, such as Link Electronics,
Crow of Reading, Engineering Designs &
Supplies, Prowest Electronics, System

Video, and Michael Cox Electronics,
competing with the big battalions.
Incidentally, when reporting on the second
symposium (1962), we recorded that there
was only one piece of British Equipment
on show and that was part of an
American unit!

From what has been said it will be
blatantly apparent that the raison d’etre
was the exhibition. The show and the
symposium are complementary but if the
organizers are desirous of maintaining the
position the occasion has gained, they will
have to look more closely at the quality of
papers accepted. The criteria should be
fewer and better papers. The standard of
the papers presented at the biennial
London International Broadcasting Con-
vention is much higher, but the I.B.C.
exhibition has not so far acquired the
international prestige accorded to the
Montreux event.

Before dealing with some of the new
equipment shown, we will look at a few of
the papers presented.

The two sessions (there were 13 in all)
which drew the largest attendance of
delegates were those devoted to cable
television. At one of these, specialists from
various countries and international bodies,

Prototype of the Philips LDK15 portable
colour camera, demonstrated at Montreux,
which is fitted with a combined 1-in
Plumbicon tube and image intensifier.

presented reviews of the present position
of cable television, or CATV (common
antenna television) as it is more commonly
called both in Europe and the U.S.A.
These were preceded by a survey of the
legal problems encountered in the
distribution of programme material over
cable networks; for example copyright,
artists’ fees. The speaker, G. Straschnov of
the E.B.U., suggested that “the law is
always far behind technology™.

Another contentious aspect of cable or
relay distribution services is that of
programme origination by the operators.
If, as in the U.K., operators are hamstrung
by regulations limiting the material to be
distributed, what chance is there of CATV
becoming the multi-channel informa-
tion /entertainment service envisaged by
W. J. Bresnan, of the National Cable
Television Association, Washington? He
foresaw CATV as a two-way public
access system providing not only
entertainment and general information, but
an educational and advice service. On the
question of the number of channels
envisaged it was pointed out that in
California there is a 40-channel system
operating and 11 channels are in use in
parts of Belgium where programmes in
three languages from neighbouring
countries are relayed. According to figures,
quoted by Bresnan, seven million of
America’s 65 million television households
receive their programmes via cable.

Several of the formal papers presented
at the CATYV session were concerned with
the need for a two-way data

‘communications capability, linking each

subscriber with the system terminal station
and /or other service centres, e.g. schools,
banks, stores, information centres, etc. As
one author expressed it, CATV is no
longer a means of providing television
reception for viewers in areas of poor or
indifferent signal levels, but has come “to
the point where we now stand at the
threshold of the wired city and the wired
world”. This was said by Selig Lenfesky,
of Coral'Inc., whose paper was concerned
with bi-directional amplifiers for CATV.
The scheme he outlined provides for 31
television channels, each of 6MHz
bandwidth, plus a 20MHz band for f.m.
sound channels and two pilot carriers in
the “forward” direction and, in the return
direction, two 6-MHz vision channels and
many data channels.
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Several of the papers on CATV dealt
with specific distribution problems. For
instance H. G. Schwarz (RCA) presented
a very detailed quantitative analysis of the
selectivity requirements necessary in a
receiver to avoid visible interference from
signals propagated on adjacent channels.
Whereas in television broadcasting
adjacent channel interference can be
alleviated, if not cured, by careful
geographic distribution of frequencies, in
cable distribution systems signal levels of
adjacent channels are nominally equal. It
was, in fact, found that the requirements
for vestigial sideband attenuation for cable
system modulators is considerably more
stringent than those established by the
F.C.C. for American broadcast trans-
mitters!

Another  RCA Laboratories paper
(presented by C. M. Wine) described a
method of two-way data communication
for ancillary services using a cable televi-
sion system. It is based on polling
individual subscriber terminals. Down-
stream messages consist of a string of bytes
or words sent asynchronously at a data
rate of 1.25 Mb/s. Each byte consists of
a start bit, seven data bits, a parity bit
and a stop bit, and has a duration of 0.8us.
The downstream message has the follow-
ing format: SYN, TID1 TID2 DID, and
arbitrary number of data bytes, SYN. The
initial and terminal SYN characters
indicate to the terminal the start and end
of the message. TID1 and TID2 identify
the particular terminal being addressed;
this allows 16,384 terminals on the system.
DID identifies which one of 127 possible
service-related devices is being specified,
e.g., the security system, an opinion poll
keyboard, a teletype terminal, a credit card
reader, etc. The data bytes, if required,
are then routed to that device.

Upstream messages also consist of a
string of bytes sent asynchronously at 1.25
Mb/s. The upstream transmission com-
mences immediately after TID2 (as soon
as the particular terminal has been identi-
fied). An experimental laboratory version
of the system operates on a test-bed v.h.f.
cable television system. Data is sent using
f.s.k. modems at 112-114MHz downstream
and 12.3-13.8MHz upstream. The modem
data interface is a conventional bit serial
logic level interface and is independent
of carrier frequency and modulation

‘method. Thus the same data communica-

tions -approach could be used in virtually
any cable environment including an h.f.
switched system.

Recent developments in camera tubes
were discussed by W. E. Turk (EEV). He
dealt briefly with the light bias leddicon
tube, which operates on the principle of
improving the beam acceptance curve of
the target by artificially raising its general
potential level. This is done by including
within the tube a small light source to
produce uniform background illumination.
Mr Turk dealt at greater length with the
need for more sensitive tubes in mono-
chrome cameras for industrial television
He then did some crystal gazing and
demonstrated pictures taken with a pyro-
electric vidicon. This experimental tube

uses as its sensing target a crystal of tri-
glycine sulphate (t.g.s.) fashioned into a
micro-thin slice for mounting as a
conventional vidicon target. The degree
of polarization of t.g.s. is temperature
dependent so that when a thermal image
is rrojected on to it a corresponding
voltage pattern is produced on the scanned
surface. i :

There is a constant endeavour to accom-
modate more and more information in the
5 or 6MHz channels allocated to television.
Several examples were discussed or demon-
strated. Dr Jorg Irmer, of SEL, Berlin,
described a  two-carrier  technique
developed by the Institut fur Rundfunk-
technik, Hamburg, which is to be used
at the Regensburg u.h.f. station later this
year. The normal sound carrier for tele-
vision systems B & G used in Germany
is 5.5MHz above the vision carrier and
the output is 10dB below the nominal
vision channel power.

The additional sound carrier is located
242kHz above the normal sound carrier
and the power level will be 16dB below
the vision power. Both sound channels are
frequency ‘modulated. In the exciter for
the transmitter the audio and f.m. sections
are duplicated; the first modulator pro-
ducing the normal if. signal (33.4MHz)
and the additional one an i.f. of about
33.15MHz. Both if. signals are super-
imposed in a combiner circuit and then
passed to the r.f. mixer/linear amplifier
and applied to the klystron power
amplifier.

The last, but certainly not the least
important, paper to be presented at
Montreux was by D. R. Wells, of the
Public Broadcasting Service of America.
It dealt with a method of transmitting
coded caption information (during the
vertical blanking period of regular broad-
cast television signals) for the benefit of
viewers with impaired hearing. An adapter
at the home receiver decodes the caption
information and displays it on the tele-
vision picture. The system, to be used
experimentally later this year by the Public
Broadcasting Service in six cities, was
developed ty the Time and Frequency
Division of the U.S. National Bureau of
Standards. The N.B.S. has been investi-
gating for some time the possibility of
using the American television networks for
transmitting precise time and frequency
information during the vertical blanking
period and, in fact, developed what was
called the TvTime system and it was from
this that the proposed captions for the
deaf emerged. ,

The proposed signal is transmitted on
line 21 of the vertical blanking interval.
On odd fields the signal consists of a
IMHz sine wave followed by a 26-bit
data stream containing the caption infor-
mation. On even fields only the 1MHz
sine wave is transmitted. It will be possible
to transmit about 600 words of captioning
per- minute. To insure legibility against
any background, each letter in the
captions, which will be in two rows of
capital letters (26 characters per row), has
black edges. Even when a picture is noisy,
as might be the case in fringe reception
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areas, the captions are clear because they
are generated by the adapter fitted to the
standard receiver. Tests using the N.B.S.
signal on line 21 have been no more notice-
able to viewers using normal receivers
than vertical interval test signals (v.i.t.s.)
or the vertical interval reference signal
(v.irs.). Apparently most home receivers
are said to be adjusted by the manu-
facturers to be overscanned. Annoyance
is only likely if a set is slightly under-
scanned and the caption information
would then appear as a line of moving
dots.

So much for the papers. What of the
exhibition? It is impracticable to do justice
in a short article to the galaxy of new
equipment shown — monitors, test and
measuring equipment, cameras, control
consoles, video and sound recorders,
telecine and transmitting gear etc.

Among new equipment shown by some
of the smaller British companies men-
tioned earlier was a range of waveform
measuring instruments, including a vector
monitor, from System Video Ltd, of
Chertsey, Surrey, a new company making
its debut at Montreux. Also shown were
a range cf monochrome monitors and a
17-in colour monitor (Prowest, of White
Waltham, Berks); a 14-input vision mixer
for mobile use (Michael Cox Electronics,
Twickenham, Middx); and a new three-
tube colour camera with built-in zoom lens
(Link Electronics, Andover, Hants).

Thomson-CSF, of France, featured a
new video tape recorder, the TTV 3500,
which employs a recording angle of 19°.
Developed jointly by IVC in America,
Thomson-CSF, and Rank-Cintel in the
U.K., the machine uses 2-in tape and has
five longitudinal tracks in addition to the
video record. The two main audio tracks
are separated by what is called an
“arrangement track” to eliminate cross-
talk. The fourth and fifth tracks serve
for drive control and for the encoded
address used for achieving accurate
electronic settings. The tape is wound at
18(° on an air lubricated drum.

With the extension of television broad-
casting hours and the use of unmanned
transmitters the need has arisen for testing
to be carried out during transmission of
the programme signal without affecting
the viewer’s picture. This has led to a
change in emphasis from full-field testing
to insertion test signal measurements.
Marconi Instruments were showing an
automatic monitoring system based on
these insertion signals. The two instru-
ments forming the new monitoring system
are the insertion signal analyser TF 2914,
which permits simultaneous measurement
of a variety of signal parameters using
standard national or international test
waveforms, and the data monitor TF 2915
which provides control for the TF 2914
and the facility for comparison of the
measured parameter with a pre-determined
limit. As a result of this comparison
executive action is automatically taken in
the equipment as required either to change
the transmitter from main-to reserve or to
select an alternative video input to the
transmitter.
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Make your description of a new circuit concise and say how it is an improvement over previously-published
circuits, preferably in the first sentence. We pay £5 for published circuits.

Simple breakdown
voltage meter

The circuit will test the Vigo, Vego and
VEpo breakdown voltage of most types of
transistors, small signal or power; ¥V,
of zener diodes and the reverse breakdown
voltage of small power diodes. It should
fit easily into most instruments which
lack this facility with little modification.
Power is supplied by two small 90-V
batteries in series. Resistor R, biases the
upper transistor into conduction and volt-
age is applied to the junction under test.

As this breaks down current flows in
R, causing the lower transistor to conduct,
with a consequent drop in base voltage of
the upper one. Thus R, may be used to set
Igg over a fairly wide range, enabling the
user (o study the effects of different current
(on Vcgo breakdown in particular). The
voltmeter reads Fpp plus the drop across
R, which is small and can be neglected.
Transistors of type BD115 are used but
other high voltage types, e.g. MJE340
could be used.

J. W. Brown,

Gateshead, Co. Durham.

eia

. junction N
under test‘r-

Phase-locked loop
demodulator

In the November 1972 issue of Wireless
World Pat Hawker showed a circuit for a
low-cost phase-locked loop demodulator
using three digital integrated circuits and two
transistors (“Synchronous Detection in
Radio Reception-2”, page 527). Here is
an even simpler circuit which can be built
for about a third of the price.

Gates A, B and C constitute a relaxa-
tion type of voltage-controlled oscillator
whose output frequency is determined by
the value of C, and positive current
sources supplying pins 10 and 13. It
should be noted, however, that the inputs
to gates A and C supply part and whole of
these currents respectively. Similarly, no
resistor is required on the output of gate
C, pull-up being provided by the input
current to gate B.

D is arranged such that when pin 6 is
high the gate is biased by R, and R, to
operate as a linear amplifier for the input
signal. In operation, however, pin 6 is
alternately high and low due to the oscilla-
tor output and hence gate D performs as
an amplifying phase detector. The output
from this stage is fed via the low pass filter
R, and C, to the voltage-controlled oscilla-
tor, completing the phase-lock loop. A

- separate filter R; and C; provides the
audio output.

With C, is equal to 22 pF the circuit
operates at a frequency of approximately
10 MHz. Making R, 270Q or 10k
maintains lock over a frequency range of 2

MHz or 300 kHz respectively. In both cases
the output swing is just over 1 volt. An
additional component R, may be incor-
porated if desired to obtain fine adjustment
of the operating frequency.

Although this circuit is somewhat
dependent on the device characteristics
which will vary from one sample to

another, it is capable of giving satisfactory
performance for most amateur experi-
menters’ requirements. The small size and
very low cost make it eligible for substitu-
tion into existing equipment using other
types of demodulation.

Rodney King, ‘

Hastings, Sussex.
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Sanatron current timebase

The circuit is a modification of the well-
known Sanatron circuit for use as a current
timebase for magnetic deflection. V', is
the Miller rundown valve, gating being
carried out by ¥, and ¥V, on the screen
- grid. To correct for the inadequacies of the
output transformer the charging capacitor
is split into two halves C, and C, and
two resistors R, and R, are used in a net-
work to provide an approximately para-
bolic voltage on the grid of ¥ to correct
for the differentiating action of the trans-
former. The gating pulse from V, is applied
to the screen grid of ¥V, via a cathode fol-
lower V, to minimize loading and allow
the use of valves with high screen current
for V,. The 56-volt zener diode D, ensures
that V, and V, are completely cut off when
¥, conducts. Sync can be applied to the
grid of V| as shown. i
The circuit values are appropriate
for use as a television field timebase opera-
ting at S0Hz. The output transformer
should be so chosen to present a load of
about 5k to the anode of V; when loaded
by the scan coils. Different transformers
may need different values of feedback
components C,, C,, R,, R,. Almost any
valves can be used for ¥, V,, V;; a 6U8
triode-pentode has normally been used as
V, and V,. Any small output tetrode or
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+h.t.

\7]
% 33k Dy

500k
frequency

5 kyyrﬁght

to
deflector
coils

pentode will do for ¥, the only proviso
being that the grid base of ¥, must be longer
than that of V', so that V| is cut off when
V5 is normally conducting on the rundown.
A negative pulse suitable for flyback blank-
ing is available from ¥, anode. None of
the resistors in the circuit is suitable for
use as a height control, but as the frequency

] oy

is not very dependent on the total h.t.
voltage, variation of this provides a suitable
means of controlling amplitude, especially
as the current consumption of the circuit
is very low.

G. Trice,

Halstead,

Essex.

Transient response testing

The accompanying circuit offers a simple
means of testing transient response in
regulated power supplies. -

The multivibrator is modified by the
addition of a diode and a second load
resistor on one side to isolate the com-
pound emitter follower stage from the
capacitor charging voltage and thus give a
sharp front to the waveform. Two series
diodes in the base circuits protect the
transistors from excessive voltage swings in
the switching cycle. The 1k resistor and

d.c.
response

*

transient
response

m_{

transient
response

(a)

(b)

Any tendency to instability degrades a
good transient response (a) to that of (b).

1,000u F - capacitor decouple any tran-
sients produced by the power supply. The
square wave is also taken out to a terminal
for oscilloscope synchronization. An
emitter follower stage switches the selected
load resistor across the output. The tran-
sients generated by the supply may be
observed on an a.c.-coupled oscilloscope.
A good transient response will be similar
to that shown in (a), whilst any tendency
towards instability would give a response

Because the transistors are used in a
switching mode the dissipation is low, a
2-in square piece of 16 s.w.g. aluminium
being sufficient heatsink for the 2N3055,
no heatsink being required for the
2N3053. With the values given a 12V
supply may be tested at either 100mA or
1A loading. Other voltages and/or cur-
rents may be catered for by altering the
load resistors.

H. Macdonald,

more like that of (b). The d.c. response is Ashford,
the output voltage change between loaded Middlesex.
and unloaded states.
A/ - +12V
1K
10k
* 47n 12
10k 10k:
2 p 9
100k§ 100k
+ 1,000 1
:1: 18v 2N3004 ’ 2N3053
{ 1
——]
2N3904 2N3904
d B
1k5§
: ¢ € € + ——oov
l o) e}
oscitloscope oscilloscope Y input

earth

trigger
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Take a look
at the consistent,
dynamic performance of

Mullard
fully diffused

thyristors

A complete range of fuIIy g
P dlffused thyristors, 14Ato
# 90A, designed for applications §
£ requiring AC or DC power X,

control from a single or
three phase source.

High dV/dt—atleast 200V/ps
High di/dt—100A/us rated at

85°C stud. This thyristorrange
offers dynamic performance and saves on
.. protection components giving consistent
operation at minimum cost.

They are all in quantity production
; at Mullard Stockport — Europe’s largest,

£ most advanced power semiconductor
%7 plant—so delivery is off-the-shelf
with world-wide availability.
, Brief datais given below. Fora

closer look at Mullard fully diffused
thyristors send for the new Mullard
catalogue ‘Power Semiconductor
Devices'.

It av) VRRM .
max Family | max \

14A BTW47 | 600-1600V
20A BTW92 | 600—-1600V

3bA BTW24 | 600—-1600V.
BTW23

Mullard

Mullard Limited, Mullard House
Torrington Place London WC1E 7HD Tel : 01-5806633

Power semiconductors

M7A

WW—077 FOR FURTHER DETAILS
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Mains power reduction
problems solved by

ZENITH
POWERSTAY

The Zenith Powerstay is the
culmination of 50 year's experience ¢
in solving power control problems.
Powerstay is a range of stabilisers
designed to protect and maintain

the performance of voltage-

sensitive equipment. It automatic-
ally gives voltage accurate to
'0.5% from mains $upplies varying |
by up'to 30% — for loads from

2.4 kVA up to 285 kVA.

The Zenith Powerstay's response

is fast with no knob-twiddling or
meter watching involved.

Each model is designed to operate
well below the nominal ratings

of its components to ensure
trouble-free performance.

Camplete the Reply Card for your
free Powerstay brochure and

price list.

The Zenith Electric Company Ltd. .
Cranfield Road, Wavendon, Bletchley, Bucks‘.
Telephone 09084 2531/6

‘Um R 1NTH‘ s
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i
§
|
¢

Sine Wave output
Constant voltage
transformers

Input variation 240v — 20% + 10%
Output voltage 240v + 1%
Transient suppression
Stock models 250va to 3000va
Send for data sheet ref MCB/1

CETRONICLIMITED

STAPLEFORD, HERTFORD, HERTS. SG14 3ND
TELEPHONE HERTFORD 3474 (STD 09925)

WW-—079 FOR FURTHER DETAILS
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A discussion of various techniques for producing a constant a.c.

supply voltage

by R. Thompson

This article looks at some methods of
regulating a.c. supplies; in particular it
addresses the problem of producing a con-
stant level output at nominal value from a
50 Hz supply capable of varying + 20%
from the nominal. The methods all involve
the use of thyristors (or triacs) in what may
be called synchronous switching. Other
forms of regulators have been, and are,
used. These include motor-driven variacs,
contactor transformer tap changing and
ferro-resonant transformers. While these
may have advantages for particular
applications, they cannot compete in many
instances with the speed, accuracy and low
cost of the forms of regulator described
here.

The most common form of thyristor
circuit for a.c. voltage control is shown in
Fig.1, (the thyristors could of course be re-
placed by a triac). This has been widely
used in applications such as lamp dimmers,
where a wide control range is required for
loads tolerant to high levels of dis-
tortion. The form of the load voltage raises
a point to be considered in regulating a.c.
voltage. What parameter of the output
voltage is to remain constant? Normally
this will be either its r.m.s. or mean value
depending on the characteristics of the
load. In some particular instances it may be
required to regulate the peak value. In dis-
cussing the regulators it is assumed that the
r.m.s. value is held constant, theimplications
of operating mean or peak sensing control
circuits will generally be obvious.

The simple phase control circuit of
Fig.1 will not meet the requirement of
producing a nominal output level. This will
require the introduction of an auto-
transformer as shown in Fig.2. For an
r.m.s. output voltage equal to the nominal
supply voltage (r.m.s. value of V, ' the
thyristor firings must be delayed by about
95° when the supply is at its maximum
(1.2 ¥}). This delay reduces to zero if the
supply is reduced to its lower limit (0.8 V7).

The current rating of the thyristors:

must be adequate to carry the full load
current under delayed firing conditions.
Their voltage rating must be in excess of
V2 X 1.5V,. This follows from the
requirement to delay firing by more than
90°. When the supply is at 1.2 times its
nominal value the auto-transformer steps
the voltage up to 1.5V, and the thyristors

must withstand the peak value of this
voltage. The transformer must have a
winding volt-amp capacity of at least
0.6V,I; as shown in the following
expression;

Winding VA rating is given by

AB:1 X 03V,Ip =03V, I

BC: 0.25 X 1.2 V,I; = 0.3 VI ,

Total VA rating = 0.6 VI,

This form of regulator introduces con-
siderable distortion in the output voltage.
Under the worst condition, when the
supply is at 1.2V, and thyristor firing is
held back by 95°, the total distortion is
over 50%. Even if the regulation range of
the regulator were reduced to + 5% the
distortion would still be over 20%.

Trigger circuits for this regulator, when
feeding resistive loads, can use any of the
types which have been developed for phase
control of thyristors and triacs in lamp
dimmers and similar applications. The
only difference required is that the control
of the firing angle must be operated by a
circuit measuring the output voltage.
Regulating the “mean™ output of the
regulator is straightforward since a simple
mean detecting rectifier and smoothing
circuit can be used. Regulating the r.m.s.
output is more difficult, particularly with
this type of regulator circuit where there is
a large change in the form factor of the
output waveform. The form factor increases
as the input supply increases and the
thyristor firing is retarded. This allows-a
simple form of compensation to be used, as
illustrated in Fig.4. If the output r.m.s.
voltage is held constant then the mean
and peak values of the output voltage vary
as shown. A combination of the mean and
peak voltages can therefore generate a
resultant which can be used to give quite
accurate regulation of the r.m.s. output
voltage.

The effect of reactive loads will be to
modify the conduction periods of the
thyristors. For instance, with inductive
loads the thyristors will remain conducting
after the time of zero crossing of the supply.
The change in load voltage waveform is
unlikely to prove significant since the first
45° of control has little effect on the r.m.s.
output. A more important problem is the
fact that the thyristor trigger pulse may
occur before conduction from the previous
cycle has ceased. This could cause inter-

mittent firing of the thyristors and a limit
on the minimum firing angle or prolonged

’ triggering pulses may have to be adopted.

Two-tap regulators

The use of two taps on the auto trans-
former as shown in Fig. 4 results in very
significant improvements in regulator
performance. Its operation when feeding

supply tput :F\:C/
é g outpu
O

Fig. 1. Simple thyristor phase control
and output waveform.

——0
IE I Ly
output
supply oV Vg rmis.
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O— —O
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12V, o251

O-

supply
08V,

Fig. 2. Single tap regulator. Refer to
text for VA rating formulae.
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resistive loads is quite simple. At the start
of each half cycle one of the lower thy-
ristors conducts, supplying voltage to the
load. Some time later in the half cycle one
of the upper thyristors is triggered. This
increases the voltage on the load and by
so doing commutates the lower thyristor.
At the end of the half cycle the upper
thyristor is extinguished.

It can be seen that the output voltage can
be continuously varied between the two
values available at the transformer taps by
altering the time of triggering the upper
thyristors. The distortion is considerably
lower than the single tap circuit, being zero
at both extremes of input voltage and about
15% for the worst condition. There will be

a proportionally lower distortion if the -

Vin

140[ : Vout

A A
Vin—Vmean

L.
110 Vout =Ven
\\/ A
/<‘\o-35 Vin-Vim

=z
-
3
> 100 ~
.
A
g0k 0-85Vout V'
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mean value of Vout =Vmean
70}
60 \ L : ]
80 80 100 10 120
Vin )

Fig. 3. The characteristics of various
methods of generation of the r.m.s.
control voltage. The curves are drawn
Jor Vo (r-m.s.) constant.

Fig. 4. Two tap regulator and output
voltage waveform.

regulation range is reduced below + 20%.
The circuit is still quite simple and
because only a fraction of the output power
is handled directly by the circuit, ratings
of the. components are relatively low. Both
pairs of thyristors must be rated for
continuous full load current since the supply
could be at either extreme for long periods.
However they do not require as great a
voltage rating as those in the single tap
circuit. As the load is always connected to
one or other of the transformer taps the
maximum voltage seen by the thyristors is
0.5 times the nominal peak supply voltage.
This is a third of that required for the
single tap circuit. The transformer ratings
(derived in a manner similar to that shown
in Fig.2) are required to be about 25%
higher than the single tap transformer, but
still low in relation to the load power.

Firing requirements for the thyristors on
the upper tap are basically the same as those
suitable for . single tap regulators. The
lower thyristors require prolonged triggering
in order to ensure that there is always one
or other of the lower thyristors capable
of conducting. Provided this prolonged
triggering is generated immediately , the
supply is switched on only the tap-to-tap
voltage will ever appear across any of the
thyristors. The prolonged triggering can be
obtained simply from the trigger windings
added to the auto-transformer. A diode and
zener clipper can be used for each thyristor
as shown in Fig.5.

The problems of reactive loads poses a
particular problem for the two tap
regulator. This is because of the
possibility of causing tap-to-tap short
circuits. For instance if the load is very
inductive and the input supply low, the
triggering of the upper thyristors may occur
before the current has reversed from the
previous half cycle. The first time this
occurs, current will flow only in the lower
thyristor for the half cycle. If the current
is still flowing in the lower thyristor at the
time of triggering the upper thyristor in the
next half cycle a tap-to-tap short circuit
will occur. Fig.6 illustrates this point.

A typical two tap regulator circuit is
shown in Fig.7. The lower thyristors are
triggered via windings on the auto-
transformer as explained previously. The
upper thyristors are simultaneously
triggered by a common pulse generated by
transistor 77,. This transistor is driven by
the Shockley diode timing circuits whose
charging rate is controlled by the
differential amplifier formed by T7;, Tr).
At each supply voltage zero crossing the
output voltage of the diode bridge
(D;—,) falls near to zero. When this happens
C; is discharged through D; and R;. This
action resets the timing circuit every half
cycle of the supply. The purpose of the
zener diode in series with the Shockley
diode is to ensure that the Shockley is
extinguished at this time. When Dj ceases
to conduct, C; starts to charge at a rate
determined by the collector current of
Tr;. The Shockley eventually breaks down
and thyristors 3 and 4 are fired by the pulse
which is generated. At the end of the pulse
the Shockley may or may not cease to
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conduct depending on whether the collector
current of 77, is less or more than the diode
holding current. If it does cease to conduct
it may go on to produce further pulses
during the same half cycle, but these will
not produce any consequent change in the
thyristor power circuit. The time in each
half cycle when the trigger pulseis produced
is determined by 77, collector current.
This is controlied by comparing a reference
voltage, provided by Dg, with the fraction
of the rectified output of the regulator
which appears at the base of 7r;. If the
output voltage increases, the current in 77,
will be decreased. As a result the trigger
pulse will move back in the half cycle,
tending to reduce the regulator output. The
sum of the currents taken by 7r; and Tr,
remains substantially constant under all
conditions and is determined primarily by
the common emitter resistor and the
voltage of Dg. The common emitter
resistor, R, therefore provides a convenient
method of defining a maximum collector
current of 77y, this flowing when Tr;is cut
off. The resistor is selected to ensure that
C; cannot charge to the triggering level
before a specified time in each half cycle.
This “dead time” must be greater than the
maximum time taken for the regulator
load current to reverse after a voltage zero
crossing. The minimum firing angle of the
circuit can thus be made always greater
than the lagging phase angle of the load.

—
A
s
/ \
/ \
/ \
\ ]
voltage waveform ‘\ ,’
at A \ /
\ U
N/
Fig. 5. Thyristor drive circuit
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Fig. 6. Conditions under which a tap
to tap short circuit can occur.
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Fig. 7. Two-tap regulator circuit.
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This avoids getting into a condition which
could produce a tap-to-tap short circuit.
The resistor Rz in the emitter of 77;

“controls the regulator loop gain. This gain

must be high for good regulation but loop
stability consideration imposes a practical
limit. The loop has a substantial lag due to
the smoothing of the rectified feedback
signal and in addition there is the transport
delay introduced by the thyristors.

The thyristors are protected by two
fast-acting fuses. Two fusés are necessary
because of the possibility of tap-to-tap
short circuits. If a single primary fuse were

- used it would be rated at approximately

the same current as the secondary fuses.
Howeyver, because the currentinthe primary
is lower than in the secondary with tap-to-
tap short circuits, the thyristors could
experience a much higher It surge. A
“yoltrap” suppressor is connected across the
transformer taps to limit voltage trans-
ients which may occur on breaking the
supply to the transformer. The suppressor
will also limit voltage transients which
occur in the supply voltage. A resistor

capacitor network is connected across the

thyristors to limit the rate of rise of forward
voltage. High rates of rise may be caused
by supply transients and they also occur
across the lower tap thyristors due to the
switching action of the regulator. If the rate
of rise of forward voltage is not restricted
it may cause spurious triggering of the
thyristors.

An alternative form of trigger control
circuit which can be used for the upper
thyristors in the two-tap regulator is shown
in Fig.8. ’ '

The diode bridge rectifies the output
of the regulator and except for brief periods
around voltage zero crossing the voltage
across R; is defined by the zener diode
voltage. The current through R; is there-
fore substantially constant. The current

through R, is approximately proportional
to the output voltage of the diode bridge
and hence to the regulator output voltage.
The transistor collector current is thus the
difference between the “reference” current
in R, and a current proportional to the
regulator output voltage. The pulse
circuit formed by C and the Shockley
diode free-runs at a frequency set by the
charging current. If it is initially assumed
that this frequency is exactly equal to twice
the supply frequency, a consideration of
the circuit action will show how this exact
condition is maintained. -At some. time
during a half cycle the Shockley discharges
C and triggers an upper thyristor. The
Shockley extinguishes and the capacitor
commences charging. As no smoothing is
provided after the rectifier, the current
through R,, and hence the transistor, will
vary considerably during the half cycle.
However, capacitor C integrates this vary-
ing current and reaches the Shockley break-
down voltage in exactly a half cycle. By its
process of integration and discharge, C
averages each separate half cycle of
output voltage. The exact frequency
required of the oscillations can only be

reguiator
output

o—

maintained for an exact average output
voltage. If the average output voltage
falls, the average charging current of C
will increase causing the frequency of the
capacitor-diode pulse circuit to increase.
This will bring forward the firing of the
upper thyristors and hence reduce the out-
put error. As the error reduces, the pulse
frequency returns to its original value.
Under steady state conditions the
capacitor-diode circuit is thus forced to
run at exactly twice supply frequency and
no permanent error is required at the
regulator output.” The loop gain of the
system does not control the output error
but merely the rate at which the circuit
can correct output errors. On a half cycle
to half cycle basis the gain must be less
than unity, that is a given error in one half
cycle must not produce overcompensation
on the next, for the system to be stable.

The prolonged triggering requirement
of the lower tap thyristors will normally
make it inconvenient to use a triac in place
of these thyristors. Prolonged triggering
applied to a triac on the lower tap would

" lead to a tap-to-tap short circuit. It will

normally be simpler to usé two thyristors

Fig. 8. Alternative trigger control

R, . Ccircuit for two-tap system.

to upper
tap thyristors
N
3
R2
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and only use a triac on the upper tap.

It is possible to alter the configuration
of the two-tap regulator in various ways. For
instance, the thyristors can be transferred
to the primary of the transformer. It would
be worthwhile doing this where the load
operates at voltages substantiaily different
to those of the supply. For instance the
load may be heaters operating at a fraction
of the supply voltage. In these situations
the auto-transformer function can be
included in the main transformer. It should
be remembered, however, that the thy-
ristors must withstand the transformer
inrush current.

Another alternative is to rearrange the
circuit so that the thyristors operate under
high voltage/low current conditions. This
is illustrated in Fig.9. The general operation
and waveforms are identical to that for the
circuit of Fig.4. However, the tap-to-tap
voltage seen by the thyristors is now higher
and the current lower. There are two prob-
lems with this configuration. One is thata
short-circuit load will produce very high
voltages across the thyristors before any
fuses blow. The other is the fact that under
“no load” conditions the thyristors handle
the magnetizing current of the transformer.
Since this could be highly inductive it could
cause triggering difficulties.

Balanced 3-tap regulators

A regulator circuit which can operate over
a very wide range of power factor loads
is shown in Fig.10. A centre-tapped induc-
tor has been included in the output circuit
of the thyristors. This inductor is connected
between the thyristors which could other-
wise cause tap-to-tap short circuits due to

Fig. 9. Circuit arrangement to operate
Lhyristors under high voltage and low
current conditions.

Fig. 10. Balanced three-tap regulator
circuit.
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faulty triggering on very reactive loads.
Apart from eliminating this particular
problem, the inductor also acts as an auto-
transformer and effectively provides a
third tap on the transformer balanced
between the other two. In order that the
inductor should present no significant
impedance in series with the supply, the
current taken by the load must always be
able to split evenly between the two halves
of the coil. The circuit can satisfy this
condition with only four thyristors if a
direct current is maintained through the
inductor. This current acts as a bias
current through the conducting thyristors
and in effect allows the load current to flow
in either direction through them. Provided
the direct current is greater than half the
peak load current the load will never
determine the time at which a thyristor is
extinguished. It will be shown later that
control of the circulating current and con-
trol of the output voltage are not mutually
exclusive.

Fig.11 illustrates the basic switching
sequence of the regulator. The simplified
circuits show how the inductor is connected
at various times in the cycle (the numbers
refer to which thyristors of Fig.10 are
conducting). For some time around the
centre of each half cycle, the inductor is
short circuited and connects the load to
the potential of the upper transformer tap,
for boosting, or the lower tap for bucking.
When the inductor is connected across the
taps it behaves as an autotransformer and
the output potential is the mean of the
two tap voltages. This is equal to the supply
voltage if the supply is connected to the
transformer midway between the taps. A
comparison of the switching sequence
shown in Fig.11, with the circuit diagram
of Fig.10, will show that commutation
from one thyristor to another is obtained
simply by triggering the thyristor which

!
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Fig. 11. Regulator switching
sequence

must be brought into conduction. For
instance, the first transition shown in the
boost sequence in Fig.11 involves turning
on thyristor 1 and turning off 3. Triggering
1, which will be forward biased at this time,
will result in reverse biasing 3. Similar
action occurs at all transition in either boost
or buck sequences and no additional coim-
ponents are necessary for commutation.
It will also be seen that the difference
between boosting and bucking is whether
2 is fired before or after 3 on negative half
cycles and 1 before or after 4 on positive
half cycles. Thyristors 1 and 2 cause trans-
itions in the positive and negative half cycles
respectively at similar points in the wave-
form. Thyristor 2 is already conducting
(boost sequence) or reverse biased (buck
sequence) when 1 is triggered. In the same
way 1 is either conducting or reverse biased
when 2 is triggered. Consequently, a
common trigger pulse repeating every half
cycle may be used for both thyristors.
Similar common triggering may be used
for thyristors 3 and 4.

The control of output voltage and
circulated current is illustrated in Fig.12.
The waveforms in (a) show typical boost
and buck cycles and it can be seen that
the inductor voltage has the same form
for either of these conditions. The mean
value of this’ voltage and the inductor
winding resistance determine the circulated
current. By moving forward both trans-
itions in every half cycle the mean voltage
across the inductor is increased, thus
increasing the current. This action is shown
in (b) and it can be seen that the output
voltage is not substantially affected by this
change. (The change in waveform symmetry
has been exaggerated.) Fig.12 (c) shows
the control of output voltage. For this, the
two transitions are moved symmetrically
about the centre of the half cycle and so do
not greatly alter the mean voltage across
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the inductor. Circulating current and output
voltage may thus be regulated with reason-
ably low interaction between their control
loops.

‘When the supply voltage is near its nom-
inal value, the two transitions coincide
and little distortion will be added to the
output waveform. The exact voltage at
which this happens is determined by the
voltage range to be regulated. As
the supply voltage decreases, transitions
must move further to compensate given
changes in voltage. A regulator giving
minimum distortion with nominal input
. will control larger changes in supply voltage
above nominal than it can below nominal.
Fig.13 shows distortion measured at the
output of balanced 3-tap and 2-tap reg-
ulators (13(b) and 13(a) respectively)
designed to regulate over similar voltage
ranges. It can be seen that the regulation
range is substantial and distortion would
obviously decrease if the regulators were
designed for smaller variations in supply
voltage.

load
voltage

inductor
current
voltage

While the mean voltage across the
inductor must be maintained reasonably
constant, the alternating voltage across it
varies considerably with changes in supply
voltage. With a nominal input level, the
inductor is continuously connected across
the supply, its'connections being reversed
every half cycle. When the supply voltage
is at either extreme of the regulator control
range, the inductor will be short-circuited
for a large part of each half cycle. The
ripple current in the inductor will therefore
alter considerably with the supply voltage,
and the control circuit must ensure that the
minimum instantaneous value of current
is always greater than one half the peak
load current. If the inductance is chosen
on the basis of minimizing the peak energy
in the inductor, its value is given by:
=2V

QI
V is the peak voltage across the inductor
and Q is the supply radian frequency. As
the load current should always divide

where I is the peak load current,

Fig. 12. Control cycle of voltage and
current.
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between the halves of the inductor winding,
it will not contribute to the energy stored
in this element.

The balanced 3-tap circuit provides full
regulation for any load power factor and
produces an output waveform substantially
better than that obtained by a 2-tap regu-
lator. The price paid for this improved
performance is a reduction in the load volt-
amp rating for a given thyristor and trans-
former cost, (or alternatively a reduced
regulation range). The effect on the ratings
depends on the exact nature of the load to
be accommodated and the design adopted
for the inductance. For a given cost, the
balanced 3-tap circuit will handle about
half the load volt-amps that the 2-tap

. circuit will.

A control circuit for the balanced 3-tap
regulator must be capable of generating
two separate trigger pulses in a sequence
repeating every half cycle. (It was explained
earlier that thyristors may be triggered in
pairs.) These two pulses must move
symmetrically about the centre of each half
cycle to control output voltage and move
asymmetrically to control circulated
current. The elements of a circuit which
provides this action is shown in Fig.14.
The two pulses are produced by Shockley
diodes D, and D, discharging ramp
generators C,R, and C,R,. The time taken
for a capacitor voltage to reach the break-
down level of its associated Shockley diode
is set by the time constant and aiming
potential of the CR circuit and by the level
to which the capacitor is reset after each
pulse. Each time that C, is discharged,
diode D, conducts and rapidly resets the
capacitor to the voltage level of T¥,
collector. D, then turns off and the capa-
citor voltage continues to rise at a rate set
by the current through R,. A synchronizing
pulse occurring at supply voltage zero
crossings discharges C, to zero each half
cycle via diode D,. The collector voltage of
Tr,, by resetting C, through D,, controls
the delay between the end of the synchro-
nizing pulse and the generation of an output
pulse at A. Further pulses which may be
produced by D, before the next synchro-
nizing pulse will not affect the regulator
action since they cannot cause the firing
of any thyristor. It can be seen that pulse
circuit B operates in a similar manner and
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is controlled by Tr, collector voltage. The
circuit waveforms for the condition V7,
= V,. show that Tr, and T, collectors
reset C; and C, to the same level and
pulses at A and B both occur at the centre
of each half cycle. If the “voltage” signal to
the differential amplifier is altered, the
voltages of the two collectors move in
opposite directions causing the pulses at
A and B to move in opposite directions. For
Vin> Vo pulse B leads A and for
Vin< Vour A leads B. Changes in the
“yoltage” signal therefore produce the
symmetrical movement of pulses which
is required to control the regulator output
voltage. By varying the “current” signal,
the amplifier tail current is altered and the
two collector voltages are made to change
in the same direction. This causes the two
pulses to move in the same direction and
alter the circulating current by unbalancing
the output waveform. If the current control
signal is derived by directly measuring
inductor current, both halves of the winding
must be monitored so that voltages due to
load current can be cancelled. Alternatively,
a signal may be derived from the magnetic
field of the inductor which will be indepen-
dent of load current.

General points on

thyristor regulators

The characteristics of thyristors and triacs
are normally well described in manufac-
turers’ data. However it is worth noting a
a few general points with regard to their
use in a.c. voltage regulators.

High rates of rise of current through the
thyristors during the time that they are
being brought into conduction can lead to
device failure. In the regulator circuits
which have been described the leakage
inductance of the transformer will normally
provide adequate protection. This should
be checked and it is also important to ensure
a high level of trigger current during this
switching time.

High rates of change of voltage across
the thyristors can cause spurious triggering.
Step changes of voltage occur across the
devices due to the normal operation of the
regulator and in addition transients on the
supply can also cause sharp changes.
Because of this it is advisable to shunt the
thyristors by RC circuits as shown earlier
in Fig.7. It should be remembered that such
shunting increases the initial rate of rise of
current through the thyristors. ]

The shunting of the thyristors by RC
circuits is beneficial in two other respects.
Some protection is provided against
excessive voltages appearing across the
thyristors due to short duration transients
such as those caused by switching of the
supply or load. Also the slowing of the
change in voltage provides an output
waveform with a much lower level of radio
frequency harmonics. '

The difficulty associated with radio
frequency interference will of course
depend on the application. A good metallic
screen for the regulator housing with a
balanced choke-capacitor circuit on the
output will be adequate for most appli-
cations. One thyristor —manufacturer

recommends that for domestic situations
radiated interference will be satisfactory
if the rate of change of current in the supply
wires is kept below 0.35 A/us. This will
normally require an inductance of a few
hundred microhenries.

Finally it is worth making some com-
parisons between thyristor regulators and
the most commonly used alternative, the
ferro-resonant constant voltage trans-
former. Such a comparison can only be
made in- very approximate terms since
aspects such as cost will be highly depen-
dent on the precise requirements — see
Tables below. The cost quoted for
the thyristor regulator represents a likely
production cost of a 2-tap circuit. It should
also be remembered that although both
forms of regulator carry out a similar task,
that of providing a stabilized a.c. voltage,
there are important differences in their
detailed  characteristics. In particular
circumstances these detailed differences
may be very important and override other
considerations. For instance where it is
important to minimize weight, the thyristor
regulator is an almost automatic choice.
Where frequent load short circuits occur
the ferro-resonant transformer may have
to be used.

TABLE 1
Performance characteristics

Thyristor Ferro-resonant
Characteristic Regulator transformer
Input voltage
range + 20% + 15%
Stability of
output voltage {for
full change of + 2% + 3%
supply voltage and
load current)
Overload Fuse Can handle
protection continuous short
circuit.
Output < 15% Approximately
distortion 20% .
TABLE 2
Weight and cost comparisons
Thyristor Ferro-resonant
Rating Regulator transformer
Weight _Cost  Weight _ Cost
500 VA 14 Ibs £25 45 |bs £33
1000 VA 20 ibs £35 85 ibs £65
1500 VA 28 ibs £50 120 Ibs  £100
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Books Received

Nomographs for Electronics — Instant calcu-
lations for designers by Robert L. Peters, Ph.D.

~is a collection of nomographs covering areas

from basic electrical circuitry to supporting
systems components such as motors and
generators. The nomographs are for use by
engineers, students and technicians to determine

the characteristics of electronic circuits and the

values of their components. Before presenting
the nomographs for each subject area, the
author provides a summary of the theories
involved, followed by instructions explaining
how each nomograph is used. The subject
areas covered include a.c. and d.c. networks,
semiconductor devices, valves, filters, relays,
passive devices, transformers, generators,
motors, servosystems, instrumentation, - and
aerials. Most of the nomographs are of the
simple linear-alignment variety to increase
accuracy and reduce the chance of error. Price
£11.25 (incl. p/p). Pp.276. Cheques and money
orders payable to Business Books Centre Lid,
should be sent to Wireless World, Room 23,
Dorset House, Stamford Street, London
SE19LU.

Simplified Statistical Analysis — handbook of
methods, examples and tables by Harry H.
Holscher is designed to help the reader get the
maximum amount of information from a mini-
mum amount of experiment and effort. It
should be particularly useful for engineers,
managers, scientists, teachers or social scien-
tists who need to do statistical analysis. The
author provides methods of analysis, 107
examples, 122 tables and 39 graphs. In the
case of worked examples, graphic or tabular
visual presentation is used in' preference to
complex mathematics. Chapter headings
include: the principle of randomization; plan-
ning of experiments; analysis of experimental
data and comparison of sets of data for signifi-
cant differences or for precision in measure-

ment. Price £6.20 (incl.p/p). Pp.235. Cheques -

and money orders, payable to Business Books
Centre Ltd, should be sent to Wireless World,
Room 23, Dorset House, Stamford Street,
London SE1 9LU.

Television Engineers’ Pocket Book by P. J.
McGoldrick (6th edition) has been necessitated
by the dramatic change that has taken place in
broadeasting following the introduction of col-

our transmissions. It is hoped that this edition |,

will provide. all the information that the TV
engineer requires, whether he is servicing a
monochrome or a colour receiver. In addition
to the general revision and updating of the
book, a considerable amount of new material
has been added particularly on the subject of
receiver circuitry and colour, integrated circuits
and servicing. The aim has been to provide all
concerned with, or interested in, the installation
and servicing of modern television receivers
with a useful summary of basic facts, circuit
techniques and technical data for everyday
reference. Price £2.50. Pp.372. Butterworth &
Co. Ltd, 88 Kingsway, London WC2B 6AB.

Beginners’ Guide to Colour Television (2nd
edition) by Gordon J. King has been com-
pletely rewritten by the author and will be of
value to all those who wish to understand how
and why a colour TV works. Chapter headings
include: historical outline; colours and signals;
pictures and signals; complete signal; PAL
signal; colour transmission; the PAL receiver;
SECAM basics. Price £1.95. Pp.189. Butter-
worth & Co. Ltd, 88 Kingsway, London
WC2B 6AB.
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Circards — 8

Astable circuits

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams*

Many circuits generating periodic rectan-
gular waveforms depend on changing the
charge on a capacitor. This rate of change
of charge is frequently determined by an
RC circuit, which inherently produces
exponential waveforms when connected to
a voltage source (Fig. 1). Such waveforms
may be used to control the switching on
and /or off instants of an active device.

An astable multivibrator using discrete
components is a commonly occurring
example of a circuit employing this prin-

ciple (Fig. 2). This uses two transistors, .

cross-coupled via capacitors C, and C,.
Normally this circuit has no stable states
(they may be called quasi-stable states),
but switches alternately from the one state

of Tr, saturated, Tr, off, to the state of

Tr, saturated, 7, off. For a given value of
Ve, the rate of switching depends on the
time constant C,R,, C,R,;, and on the
potential to which the base resistors R,
and R, are returned. The.more conven-
tional configuration will return R, and R,
to the + VP rail to give a period indepen-
dent of rail voltage.

Fig. 3 shows that the output rectangular
waves available ‘at the collectors are in
anti-phase, and their mark-to-space ratio
may be varied by adjusting the C;R, and
C,R, time constants. Some astables are
attractive due to the small number of
components required, but they might be
considered to have certain disadvantages.
The use of a single CR network gives an
output waveform having a non-unity
mark-to-space ratio which may be difficult
to closely control. Also a second anti-phase
output is not available. A circuit using a
single capacitor that overcomes these
objections to an extent is the emitter-
coupled astable of Fig. 4. In this arrange-
ment, two emitter resistors are used to
allow independent adjustment of the mark
and space times of the two output wave-
forms.

Another group of astable circuits
apparently different from each other fit
into the form of the general bridge
network shown in Fig. 5. The amplifier
block is provided with two external
networks. One network, providing nega-
tive feedback, ensures that the d.c. condi-
tions in the amplifier are such that it sits
near the middle of its operating region

* All at Paisley College of Technology.
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Fig. 1. Series RC produces an

exponential waveform across the
capacitor.
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Fig. 2. Basic astable multivibrator.
Variation of Vgp changes the period.
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Fig. 3. Waveforms encountered in the

circuit of Fig. 2, where C R, is longer
than C,R,

O +VCC
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Fig. 4. A single-capacitor astable
multivibrator providing mark-to-space
ratio adjustment and antiphase outputs.
Circuits using one capacitor are normally
less flexible,

Fig. 5. Basic diagram of the group
of oscillators using both positive and
negative feedback. The circuit is seen to

be a bridge network with a sustaining
amplifier. .
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where the gain is high. The other network,
which provides positive feedback, forces
the amplifier to switch between two dis-

AN\
tinct states. This amplifier block may com-
prise either a single differential-input
amplifier or two single-ended types. In
conjunction with the different combina-
(@) tions of feedback components, this leads

to the apparently different configurations
shown in Figs. 6 and 7. These circuits
have been redrawn in Figs. 8 and 9
1 respectively to show their relationship to
' the bridge arrangement. Circuit 7(d) does

AN — . ANA- not operate as an astable because it will
permanently latch into one state, since
positive feedback is applied across each
single-ended amplifier.

b The output waveform from an astable
- < “(b) (b) multivibrator is not necessarily rectan-
AR

(a)

Y
v
§_4
?

-

-

l

) gular. A self-retriggering action can be
obtained by using an electronic switch to
discharge a capacitor when its potential
exceeds a preset d.c. bias which holds the
switch open.

.,,L., , To provide circuits compatible with
, AL YW— logic levels, many astables operate in their
Fig. 6. Two possible combinations of saturated mode to give well-defined vol-
feedback types using a single differential . tage limits. This is achieved at the expense
amplifier. : of the switching rate, but may be avoided
© by the use of current mode switching

techniques. :

Other applications demand long periods
with accurately defined transition times,
and this requires high stability passive
components. Reasonably small value but
stable capacitors can be used in conjunc-
tion with field-effect transistors to provide
the long time constants necessary. It
should be remembered that if an astable
multivibrator has good frequency stability,

H

_l_

H

A%
VWV

:
|

—-— b < it may prove difficult to synchronize it
(d) from an external source.

_ The reader will have noted that induc-

»L 7; * ‘ tive timing elements are conspicuous by

4 7 7% their absence. The reason behind this is

that, in comparison with capacitors, induc-
tors tend to be more costly and physically
larger. One type of inductively coupled
circuit worthy of mention is the astable
blocking oscillator, which is capable of
producing output pulses having a very
small mark-to-space ratio.

‘ (a) ®) Fig. 7. Four combinations of RC
Fig. 8. Circuits of Fig. 6 redrawn to feedback and amplifiers used in the
show that they conform to the general single-ended mode.
bridge circuit of Fig. 5.

How to get Circards

Order a subscription by sending £9 (U.K. price; £10.50 elsewhere) for a series of ten sets
.to Circards, J. Rider, IPC Business Press Ltd (Sundry Sales), 33 Bowling Green Lane,
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are also examples of the general bridge
circuit.
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The Realm of Microwaves

4. Microwave integrated circuit technology

and lumped element design

by M. W. Hosking,” m.sc.

Five years ago, hybrid microwave circuit
design existed mainly within the laboratory
and there were very few examples of pro-
duction-standard circuitry. Now, most
companies engaged in microwave sub-
system design have experience of microwave

integrated circuits and their commercial

applications have been, and still are, rapidly
increasing. For this to happen, four basic
things were needed:
—an accurate design theory
—a high-definition pattern technology
—a ready supply of consistently high-
quality substrate materials -
—availability of semiconductor devices in
suitable and well-defined encapsulations.
This pre-supposes that sufficient potential
exists to make all the effort worthwhile and
the incentive has been the saving in size and
weight possible with this type of circuitry.
In particular, emphasis has been placed on
lightweight receiver design for satellite and
airborne installations and on the high-
volume application in phased-array radar.

When referring to microwave i.cs, the
type of transmission line inferred is the
microstrip form described in the March and
June installments. That is, a high dielectric-
constant substrate metallised on one side to
form a ground plane and with the micro-
wave components defined by suitably
shaped conductor patterns on the other
side. The microwave electromagnetic field
is largely confined to within the substrate,
the properties of which thus become of great
interest. ,

Apart from lumped elements, dealt with
later in this article, the passive components
used are of the same order of size as the
microstrip wavelength. This means that
inductances, capacitances and resonant cir-
cuits can be produced by discrete lengths of
transmission line. Also, abrupt changes in
the linear dimensions of the line produce
local disturbances of the field and have the
effect of reactive elements.

Microwave design theory is thus much
more complex than that used at lower fre-
quencies and is particularly so in the micro-
strip form of circuit. The significant theore-
etical advances made have now enabled the
first-listed condition to be satisfied, especi-
ally for the cases of coupled pairs of lines
and the deduction of equivalent circuits for
various transmission line discontinuities.

Fabrication of microstrip conductor pat-
terns has benefited from mask-making and

etching techniques already in existence in

*British Aircraft Corporation

the vacuum deposition and i.c. fields. These
techniques have been capable of direct
application to microwave ics with the
result that very little development work has
been necessary, together with little modi-
fication of existing equipment.

The overall requirement is for consist-
ently accurate linewidths and spacings to-
gether with fine edge definition. This last
condition depends on the metallization
thickness, method of production and the
surface finish of the substrate. As well as
good surface finish, the substrate must also
be dimensionally accurate and have a well-
defined and consistent dielectric constant
together with low loss.

Thanks to the steadily increasing de-
mands for substrates, more suppliers are
marketing materials with well-enough con-
trolled properties; whereas previously the
circuit designer had to cut, grind and polish
his own materials. Finally, demand has
tended to create the supply of semiconduc-
tor devices in package forms suitable for
bonding to the high-dielectric constant sub-
strates. There is now a large variety of
styles, well defined as to their parasitic re-
actances and capable of being handled by
existing hybrid equipment and bonding
methods.

Skin effect

When a steady current flows through a con-
ductor, it is distributed uniformly through-
out the conductor’s cross section. However,
under alternating conditions, there is a
tendency for the current to concentrate near
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the surface, resulting in an uneven distri-
bution. Moreover, as the bulk of the current
flows in a more restricted space, the effective
resistance of the conductor is increased
from its d.c. value and keeps on increasing
as the frequency is raised.

Starting from the surface. the current
density decreases exponentially towards the
centre of the conductor and the distance at
which its value has decreased to 1/e (e =
2.7182) of its surface value is called the skin
depth. At this point, incidentally, its phase
lags behind the surface phase by one radian.

Skin depth is inversely proportional to
the square root of both frequency and con-
ductivity and can be very small in the
microwave region, resulting in high current
densities and high resistive losses. These
losses become severe if the conductor thick-
ness is less than the skin depth and conduc-
tor patterns on microstrip line are usually
made four to five times the skin depth. Fig. 1
shows the relationship between skin depth
and frequency for some commonly-used
microwave conductors, based on the

. equation

skin depth, d = (—L)
- nfou

where f is frequency, o conductivity and u
the absolute permeability of the materials
given by p = u,u,. To compare conductor
losses, the surface resistivity R, is often
quoted and this is the resistance of a square
section of conductor one skin depth thick.

Why should the current concentrate near
the surface, just because the frequency is
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Fig. 1. Skin depth indicates extent to which h.f. current penetrates the conductor. To minimize
resistive loss the conductor thickness should be several skin depths. '
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increased? Taking the flat strip case drawn
in Fig. 2, there will be lines of magnetic flux
associated with a current flowing in the
strip. This. gives rise to inductive effects
because an inductance is produced by flux-
linkages and is directly proportional to the
number of such linkages. ‘

Current near the centre of the conductor
is encircled by more lines of magnetic flux
than is the current near the ends of the strip
and so the centre of the strip has a higher
inductance than the surface. As the fre-
quency increases, so too does the inductive
reactance of the conductor, with the result
that the centre has a higher impedance than
the sides. So, taking the path of least resist-
ance, the high-frequency current concen-
trates near the surface; in this example,
most current is at the edges.

"If the conductor were circular in section
instead of a strip, then the current would be
evenly distributed around the surface; im-
plying that not only must the electrical
properties of a conductor be taken into
account, but so must its geometry.

Now you know why a good surface finish
is required from a microwave i.c. substrates.

Substrate materials

The number of materials suitable for gen-
eral microstrip and microwave i.c. usage is
really quite limited. To keep circuits small,
a high dielectric constant is desirable, but
this is kept from being too high by the
present capabilities of line-definition tech-
nology. For, as the dielectric constant
increases, then so must the substrate thick-
ness decrease to prevent the exitation of
higher-order modes. This in turn means
that, for a given impedance, the linewidth
‘must reduce proportionally, hence the limit.

‘A low dielectric loss is a further requisite
which, together with providing both a good
surface finish and good adherence for con-
ductors, severely limits the range of suitable
materials. The table lists the four types of
substrate generally used, in order of popu-
larity, together with some relevant pro-
perties. Alumina has become the standard
substrate and can be obtained now from
many vendors. Although almost any shape
and size can be made, dimensions in
multiples of 4 inch and a 0.025 inch thick-
ness have become stock sizes. The alumina
can be obtained in a range of purities,
typically between 949, and 99.9%, with
99.5%; being the preferred compromise be-
tween the electrical and mechanical pro-
perties.

Sapphire is capable of yielding a better
surface finish than alumina, enabling a
better line definition to be obtained and
giving slightly lower conductor losses. But,
apart from its use at the higher frequencies,

Properties of substrates

magnetic flux tines

4

~
————— ~
>~

solid strip conductor
.

Fig. 2. Current flows nearer to surface
because of lower inductive reactance in this
region, but conductor geometry plays a part
as indicated by the flat strip.
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Fig. 3. Surface roughness is important and
increases conductor loss. Good-quality
microwave i.cs have a surface roughness
better than Suin.

above about 20,000 MHz, where such fac-
tors have more significance, it is seldom
used in place of alumina for microwave i.cs.

However, for lumped-element circuits,
wherein component dimensions tend to be
smaller and the detail finer than in micro-
wave i.cs, sapphire is often used for the
substrate. In cases where a very thin, say
0.005-0.010 inch, substrate was required,
sapphire would be preferred because of the
strength afforded by its crystalline structure,
as opposed to the sintered structure of
alumina. Ferrite substrate is steadily gaining
in application as a dual-purpose medium:
acting as a normal transmission line and
also one whose properties can be locally
varied by applying a magnetic field.

In thisway, components like isolators, cir-
culators and phase shifters can be produced
on a continuous substrate. The widely-used
alternative is to cut a hole in the alumina or
sapphire circuit and insert a piece of ferrite
material to produce such components; but
this involves a high degree of mechanical

Tan 3 G Thermal cond
Substrate at 10,000MHz at 10,000MHz (Wem=1:C-1)
alumina 2x10-4 9.7 ' 0.2
garnet ferrite 2.5x10°4 15.6-16.5 0.03
sapphire 2x10-4 11.0 0.48
fused quartz 1.6x10-3 3.78 0.09
beryllium oxide 104 6.0 25

Wireless World, July 1973

skill and extra electrical design complexity
in compensating for the abrupt change in
dielectric constant. Fused quartz is not so
widely used as the other materials, partly
because of its higher loss, but it finds appli-
cation when a low dielectric constant is re-
quired together with a high-temperature
capability. Because of its good surface
finish it is also used as a lumped-clement
substrate. Finally, beryllium oxide is used
only when all else has failed and then only
for its superior thermal conductivity, which
is a factor of 10 better than alumina. This
makes it suitable for the heat-sinking of
high-power devices—usually transistor
chips—but the material needs special hand-
ling due to the health hazard from BeO dust.

Conductor technology

Three main properties are required of
microwave i.c. conductors:

—good adhesion to the substrate

—low resistivity

—easily bonded to the active devices

and there are two different processes used
to produce the conductors themselves ; thick
film and thin film. In the thick film process,
the conductor consists of a proprietary mix-
ture of metal powder, glass and binders in
ink form which is screen-printed onto the
substrate and then fired. From the skin-
effect loss considerations mentioned previ-
ously, the conductor thickness is made at
least 4-5 skin depths. It is best to keep the
conductor thickness as small as the skin.
depth limit permits in order to obtain better
line definition- and freedom from under-
cutting. Also, once the thickness becomes
more than about 19 of the substrate thick-
ness, it starts to noticeably influence the
electromagnetic fields and so must be taken
into account during circuit design.

The thin film process implies vacuum de-
position of the conductor material by such
standard methods as evaporation and sput-
tering. Silver, copper and gold are the most
often used metals but, unfortunately, these
do not adhere very well to the substrates.

Adhesion can be improved by using a
coarser surface finish: giving more of a
mechanical bond to the film, but this is not
the only consideration. Surface roughness
interrupts the conductor skin current and,
especially transversely to the current flow,
will cause eddy current losses, These can
increase the theoretical loss very substanti-
ally at microwave frequencies as can be seen
from Fig. 3. A 20 microinch finish at 1,000
MHz gives about 5% extra loss, but this has
increased to 459 at 10,000 MHz.

This band represents the portion of the
spectrum in which most work to date on
microwave i.cs has concentrated. So, at the
higher end, a surface roughness of 5 micro-
inches or less is required. In addition to the
increase in conductor loss, surface rough-
ness sets a limit on the attainable line and
spacing definition. Exact correlation is
difficult, as processing ““technique” plays a
part, but one would not expeéct good line-
spacing definition below about 10 times the
r.m.s. surface roughness.

From these - considerations, surface
roughness is not used to improve the ad-
hesion of thin films. Instead, a chernical
bond can be formed by vacuum depositing
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the film onto a substrate which has been
previously coated with a metal oxide. Of
course, this metal in turn must have good
adhesion and an eminently suitable one is
chromium. This is first deposited as a seed-
ing layer about 200A thick (1A = 1078 cm)
onto which is then evaporated the main
conductor. It is not generally satisfactory,
due to film stresses and definition problems,
to build up the full conductor thickness by
vacuum deposition. Instead, a nominal
thickness, sufficient to cover the peaks in
the surface roughness, is deposited and then
the remaining material is formed by a nor-
mal electroplating process. If the microwave
i.c. were for use at 1,000 MHz, with gold as
the conductor, then the skin depth is 100
microinch or 1/10 of a thou. This much
might be applied by vacuum deposition
and subsequently built up to five skin
depths, 4 a thou., by plating.

Gold is used as the top metal because of
its non-tarnishing properties which, in turn,
enables good bonds to be easily made with
active devices. Copper and silver, though,
have slightly better electrical conductivity,
but are easily tarnished and more difficult
to bond. So, while the Cr-Au system is most
commonly used, slightly lower conductor
loss can be obtained by a Cr layer, followed
by deposited Cu, plated up with more Cu
and topped off with a flash of Au for
bonding.

Producing the conductor pattern
Using either the thick or thin film process,
there are two methods of defining the actual
microwave circuit pattern: it can be formed
directly on the surface, or it can be etched
out from a completely covered substrate.
The former method involves production
of a mask through which the conductor is
either screen printed or evaporated and the
latter can be carried out with conventional
photo-etching  techniques. The direct
method is more suited to thick films, as the
fired inks are more difficult to etch accur-
ately and it is not used very often with
vacuum deposition because of the definition
problems in building up the thick metal.
In the other, photo-etching process, the
required circuit is first of all drawn say 20
times full size using an opaque tape on a
transparent background. With care, the
dimensional accuracy can be kept better
than 0.020in, so that on completion of
the next stage, which is photographic re-
duction to a full-sized negative, the error
reduces to 0.00lin. By taking additional
time, trouble and mechanical aid within a
controlled environment, accuracies con-
siderably better than this can be obtained.
The substrate, completely coated with
metal, is then covered with photoresist,
usually a u.v.-sensitive type, and dried. The
negative is then laid on top, emulsion side
down to avoid shadowing, and exposed;
with the result that the clear areas, repre-
senting the conductor pattern, allow the
light through to chemically cross-link the
resist. These exposed arcas are now resistant
to solvent attack and remain fixed to the
metal while the remainder of the resist is
washed off. Thus, in the next stage, which is
etching, all of the conducting metal will be
_removed apart from those areas protected
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Fig. 4. Comparison of (a) an high-quality thick-film gold line and (b) a thin-film photo-
etched one, both on alumina substrate. Mesh size limits edge definition of the thick-film
line which is about 0.020in wide. The thick-film line was provided by J. R. Corkhill of R.A.E.

Fig. 5. Photograph is of a 0.001-in dia. aluminium wire, ultrasonically bonded to a
semiconductor chip, (a), and an electron microphotograph of a similar bond (b).

by the resist. If it was decided to vacuum
deposit the pattern then this process could
be used to make the metal mask.

There are, therefore, two techniques
which can be used to deposit the conductor
pattern and two techniques for etching it
away. Of the former, the thick film process
has not been so widely used at microwave
frequencies as the thin film, but improve-
ments to the technology are steadily making
it more popular. ‘

The main disadvantage of the thick film
process is the difficulty in obtaining fine edge
definition, together with small linewidths
and spacings of less than about 0.002in. This
is partly due to the slightly porous nature
of the fired inks, but mainly because of the
finite size of the printing screen mesh. Fig. 4
gives an idea of the difference between a
thick and thin film gold line on alumina sub-
strate. It is, however, not unusual to find
thick film resistors used with hybrid micro-
wave i.cs either as the d.c. bias resistors for
a transistor oscillator or perhaps in the i.f.
circuitry of a receiver.

The thin film vacuum deposition process
is at present the most popular one and there
are the two methods open of forming the
actual pattern. Of these, the photo-etching
process is the one most widely used for the
following reasons: during prototype de-
velopment, having to re-design a metal
mask is more costly and inconvenient than
producing another photograph; finer de-
finition can be achieved with etching;
definition can be lost during the plating-up
stage of a mask-deposited pattern.

In summary, microwave i.cs are formed
on the substrates listed in the table by photo-
etching the conductor patterns from a
vacuum deposited film, then plated up to
several skin depths in thickness. The dif-
ference between low frequency printed
circuit design and microwave i.c. design is
largely a matter of degree. In the latter,
everything is of great importance electric-
ally: the dimensional accuracy and purity of
the substrate and conductor as well as
dimensional accuracy of the circuit pattern.

Device bonding
In response to the increasing use of hybrid
circuits, semiconductor manufacturers have
widened their range of encapsulations in
which the active devices can be bought. The
area in which this was most needed was for
package styles suitable for series-mounting
with a microstrip line. Shunt-mounting is
necessary for good heat-sinking, but in-
volves drilling holes through the very hard
substrate and is to be avoided when possible.
Package styles now available vary from
just the chip itself, which might be a 0.015in
cube with metallization on two sides, to the
beam-lead type shown in Fig. 7(b) of Part 3
and on to various low-profile, hermetically
sealed packages with flying leads. A widely
used method of attaching the active devices
to the substrate is thermo-compression
bonding and can be used for fixing both the
chips and the leads. Once again, this par-
ticular technique was already in use with the
low frequency i.cs and did not have to be
specially developed for microwave i.cs. For
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the bonding of a chip, the substrate with
the etched-out conductor pattern is heated
to about 320°C and the gold-plated side of
the chip is pressed down in contact with the
gold-plated conductor. Using a contact
pressure of a few hundred grams, the two
gold surfaces will fuse together to produce a
good bond. The holder which carries the
chip is often ultrasonically vibrated to
“scrub’’ the two surfaces together and, when
this is done, a slightly lower bonding tem-
perature can be used. To attach a wire to
the bonded chip, or to attach devices al-
ready possessing leads, to the substrate,
thermo-compression bonding is again most
commonly used. In this case, a probe either
heated or unheated is used to press the lead
and substrate together. The geometry ofthe
probe tip is an important factor in the bond-
ing process and ultrasonic vibration can be
applied to permit the best compromise be-
tween bonding area, pressure, temperature
and time to be made. An example of wire
bonding is given in Fig. 5.

Lumped elements

Readers following this series will recall the
general description of distributed micro-
wave circuit elements in Part 3 and it has
been the intention, so far, to emphasise the
vast difference between the practical realiz-
ation of a microwave circuit and that of its
lower-frequency counterpart. Our earlier
definition of the microwave spectrum indi-
cated a wavelength range of 30cm to lmm;
so that, in a conductor system supporting
microwave fields, this means that significant
changes in phase can occur within quite a
small physical distance. Thus, as we have
seen, inductive and capacitive effects can be
produced from a length of transmission line,
as opposed to the discrete (or lumped)
elements used at lower frequencies. Take,
for example, a length of S0ohm microstrip
transmission line on alumina operating at a
frequency of 3,000MHz. We have seen that
this requires a width to thickness ratio of
unity, so that using the effective dielectric
constant given by Fig. 4 of Part 2, the trans-
mission line wavelength is about 4om. A
distance of lcm, therefore, represents a

phase shift of 90°—sufficient to change an -

substrate

ribbon
conductor

(a)

inductive reactance into a capacitive re-
actance. In a conventional electronic circuit
though, operating at, say, 300kHz, the
same distance of lcm might be typical of
the size of a resistor or capacitor. But the
phase change across this component would
be a negligible 0.0036° and would not affect
its particular value of R, C or L. A lumped
element, therefore, is one whose value does
not change significantly with frequency; and
what is considered as being significant must
depend on the particular application.
Generally, lumped elements are smaller
than about 1/40 of the transmission line
wavelength. Conventional components
start to show distributed effects above a few
hundred MHz and they also become very
lossy, so that different techniques must be
used to produce the circuits. Fortunately,
the higher the frequency, the smaller the
value of inductance and capacitance neces-
sary to produce a given effect and, at micro-
wave frequencies, one is usually concerned
with values of a few nH and fractions of a
nH and a few pF and fractions of a pF.
Fabrication of the lumped elements is
carried out using the photo-etching process
to define the circuits on good-quality sub-
strates. The technology used is most import-
ant as, in order to be competitive with dis-
tributed circuits, high Q factors and corres-
pondingly low losses must be achieved.
Inductors are formed from a length of
narrow conductor ribbon as in Fig. 6(a)
which, for inductances greater than about
InH, can be extended into a planar spiral.
Single-layer capacitances can be formed
from the etched conductor ribbon by an
interdigital arrangement shown in Fig. 6(b),
where use is made of the microwave fringing
fields. This makes circuit processing simpler
but, if a higher capacitance per unit area is
required, then a three-layer metal-dielectric/
metal sandwich can be used as in Fig. 6(c).

Lumped inductors

Any conductor possesses inductance, the
value depending upon its geometry, and a
commonly used formula for predicting the

inductance of an etched strip is that given -

by F. E. Terman'>. For a strip whose thick-
ness is very much smaller than its width, the

conductor

substrate

(b)
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inductance per unit length is a function of
the length to width ratio, //w. If the operat-
ing wavelength were, say, 10cm (~4in), and
the restriction that a component must be
smaller than 1/40 of a wavelength were
applied, then the permissible inductor length
would be 0.1in. For a width of 0.010in the
I/w ratio is 10 and, from the formula men-
tioned, the attainable inductance is 1.8nH.

If the conductor had been 0.005in wide,

the inductance would have been about
2.6nH or, alternatively, the original induc-
tance could have been obtained with a
shorter strip. However, another factor must
be taken into account before reducing the
size too much and that is the inductor Q.
This can be represented as the ratio of the
reactance to the resistance and this resist-
ance is the high-frequency value, which
takes into account the skin effect.

It has already been shown that the skin
effect increases the nominal d.c. resistance
and is also a function of conductor geo-
metry, the lowest resistance being obtained
with a wide strip. In addition, the conductor
thickness must be several times the skin
depth. Theoretically, the Q factor of a
lumped element inductor increases as the
square root of frequency and this relation-
ship is achieved in practice for a strip induc-
tor at frequencies well into S-band (2,000-
4,000MHz). Thereafter, the rate of increase
of Q slows down as, for the same //w ratio,
the inductor becomes less “‘lumped”. Q
factors greater than about 50 are required
in order to achieve element losses of several
tenths of a dB and, by taking care with sub-
strate and conductor, such values can be
obtained at 1,000MHz, rising to a maximum
of about 100 as the frequency increases.

So far, attention has been confined to the
strip inductor but, for higher inductance
values, this can be formed as a circular or
square spiral such as that shown in Fig. 7.
Provided that the outside dimensions meet
the size requirements, such an element will
still appear as lumped. Its inductance, how-
ever, will -be less than that of a strip of the
same unwound length, due to the mutual
proximity of the turns. Once again, the
highest Q factor results from wide strips
which, for a given inductor size, results in

array of
capacitor plates

conductor substrate

(c)

Fig. 6. Types of lumped element component: (a) simple strip inductor; (b) interdigital capacitor,; (c) parallel plate capacitor. The
inductance of (a) is proportional to its length and the Q factor to the width/length ratio. Additional capacitance can be added to (b) by
Sforming a ground plane on the other side of the substrate, while a degree of tuning can be obtained from (c) by linking numbers of pads

together.
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small, inter-turn spacings of the order of 1
or 2 thousandths of an inch. Typically,
circuits at L band (1,000~2,000MHz) or S

band (2,000-4,000MHz) frequencies re-.

quire inductances of less than 5nH, which
can be produced by less than two turns.

However, when printed d.c.” bias lines
are also included on the substrate, it is
necessary to provide an r.f. choke (low-pass
filter) to keep the r.f. out of the bias circuit,
and inductances of 20-40nH are commonly
used. The inductance of Fig. 7 is of this type,
having an inductance of about 20nH within
an external dimension of 0.110in. Square or
rectangular spirals have a higher inductance
per unit area than their circular counter-
parts, but exhibit slightly lower Q factors.

Connection to the centre of multi-turn
spirals can be made either by a conductor
track deposited beneath the coil and insu-
lated from it or by a bonded wire looped
directly over the turns. In this way, some
circuit tuning is possible either by shorting
out part of the turns or by bonding to
different parts of the spiral.

Capacitors
Capacitors can be produced by the thin-
film, vacuum deposition technique in the
two forms shown in Fig. 6(b) and (c). The
interdigital capacitor is economical to con-
struct as it involves no more processing
steps than are normally used with micro-
wavei.cs, thatis, one plating and one etching
operation. On the other hand, the parallel-
plate capacitor involves the deposition and
etching of both a dielectric layer and another
conductor. The interdigital capacitance is
produced by the r.f. fringing fields across the
gap between fingers and means that, in
order to achieve usable values, the spacing
must be small. Typically, the finger gaps
range from 0.0005in to 0.001in and, by also
varying the number of fingers, capacitance
values of up to 1pF are conveniently pro-
duced. Having to use such small gaps means
that, for consistent results, great attention
has to be paid to the substrate surface finish,
conductor thickness and the photo-etching
process. Values of capacitance less than 1pF
generally find circuit application at fre-
quencies into X band (8,200-12,400MHz)
and this type of structure can still remain a
lumped element at these frequencies. Should
higher values of capacitance be required
with this interdigital construction, a ground
plane can be introduced on the other side of
the substrate. This has the effect of produc-
ing a transmission line structure like micro-
strip and, indeed, is particularly suitable
when lumped element and distributed ele-
ment circuits have to be combined. Shunt
elements of capacitance are produced,
giving lumped element values of several pF.
Considerably higher values of capaci-
tance can be produced by using the parallel
plate type of Fig. 6(c); it does; however,

involve additional deposition and etching. .

For compatibility with the vacuum de-
position process, a commonly used dielectric
material is silicon dioxide (S;0,), although
this has its own problems in achieving a
non-porous layer having good adhesion.

The capacitance of this type of structure is
directly proportional to the area and, with
a good quality SiO, film, one micron (40

Fig. 7. For higher values of inductance, the
simple ribbon can be wound into a spiral.
This one is photo-etched on alumina and is
about 0.1in square with 0.005in lines.

microinches) thick, 0.022uF/in? can be ob-
tained. Thus, even a large r.f. bypass
capacitor of, say, 40pF, is only about
0.040in square.

Within the range of frequencies so far
mentioned, the Q factors of capacitors tend
to be higher than those for inductors. In the
case of the paralle] plate and ground plane
aided types, the losses due to the dielectric
must be taken into account as well as those
for the conductor. However, with good
quality dielectrics, most of the loss can be
attributed to the conductor material and the
Q factor decreases with increasing fre-
quency. At 1,000MHz, Qs of 1,000 or more
can be achieved depending on technique,
falling to 100 or less at 10,000MHz. The loss
of these lumped elements compares well
with the loss achieved in practice with distri-
buted microstrip circuits and this is import-
ant when designing such circuits as ampli-
fiers. High power transistors, for example,
have low output impedances of a few ohms
and, besides the inherent waste of power in
the external circuit, the loss limits the degree
of impedance matching, and hence power
output, that can be achieved.

How far lumped elements will go towards
replacing their distributed counterparts and
at what frequency they cease to be practic-
able still remains to be seen. Much more
work is required, particularly in the charac-
terisation of stray circuit reactances and the
mutual interaction of many elements. At the
lower microwave frequencies, though, many
successful designs of active and passive
circuits have been made and, here, lumped
elements can afford a considerable size
reduction over even the microstrip form of
distributed circuit.

Further reading

Parts 2, 3 and 4 of this series have dealt with the
properties of several forms of transmission line,
the formation of reactive elements and micro-
wave i.c. technology. Attention has been de-
liberately focused on the topical microstrip
circuitry to the (unashamed) neglect of the other
types. To the best of my knowledge, there is no
comprehensive textbook treatment of micro-
strip and microwave i.cs yet available. So, for
those who would like to follow up the subjects
in more detail. I provide the following list of
important contributions to the technical liter-
ature, together with some more general micro-
wave texts.
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General

1. For a first-reader on transmission line theory
and components, except for stripline and micro-
strip: “Introduction to Microwave Practice” by
P. F. Mariner, Heywood & Co. Ltd, 1961. The
appendix contains an excellent introduction to
vector calculus and the formation of Maxwell’s
equations, culminating in the derivation of the
waveguide field functions.

2. A detailed coverage of properties of wave-
guide and coaxial lines with the design of re-
active elements is given in: “Microwave Trans-
mission Design Data” by T. Moreno, McGraw-
Hill, 1948.

3. “Microwave Measurements” by H. M.
Barlowand A. L. Cullen, Constable & Co., 1950,
is self-explanatary and provides a good coverage
of transmission line fundamentals in addition to
the measurements.

4. A worthy tome which covers the whole of the

-microwave field is “Microwave Engineering”

by A. F. Harvey, Academic Press, 1963. Because
of its vast range of contents, each topic is only
briefly sketched, but a total of over 10,000 sup-
porting references is provided. Much of the
information on microstrip has now been super-
seded and, at the time the book was compiled,
there was not the wealth of solid state devices
that there is now.

5. For further details on filters and directional
couplers, one can do no better than: “Micro-
wave Filters, Impedance—Matching Networks
and Coupling Structures” by G. L. Matthaei,
L. Young and E. M. T. Jones, McGraw-Hill,
1964. This gives the basic theory and then the
practical realization of the components in micro-
wave form with the aid of numerous worked
examples.

Stripline and microstrip

6. Much of the basic stripline theory is contained
in a special issue of I.R.E. Trans. on Microwave
Theory and Techniques, Vol. MTT3, March,
1955, and is still applicable.

7. The theory of coupled lines for various strip-
line geometries is contained in: *“Shielded
Coupled-Strip Transmission Lines” IR.E.
Trans. MTT3, Oct., 1955.

8. The impedance of microstrip is deduced in a
standard article by H. A. Wheeler: “Trans-
mission-Line Properties of Parallel Strips Separ-
ated by a Dielectric Sheet”. LE.E.E. Trans.
MTTI13, 1965.

9. Coupled microstrip line analysis is given in:
“Parameters of Microstrip Transmission Lines
and of Coupled Pairs of Microstrip Lines” by
T. G. Bryant and J. A. Weiss, I.E.E.E. Trans.
MTTI16, Dec., 1968. This is suitable only for
computer evaluation and a programme is now
available from the L.E.E. Programme- Library.
10. Further information on the properties of
microstrip is contained in: ‘“Microstrip Lines
for Microwave Integrated Circuits” by M. V.
Schneider, Bell System Tech. J., May-June
1969 and

11. “Losses in Microstrip” by R. A. Pucel,
D. J. Massé and C. P. Hartwig, .LE.E.E. Trans.
MTT16, June 1968.

Lumped elements

12. “Status of Lumped Elements in Microwave
Integrated Circuits” by M. Caulton, B. Her-
shenov, S. P. Knight and R. E. DeBrecht,
LE.EE. Trans. MTT19, June 1971.

13. “Lumped-Circuit Elements at Microwave
Frequencies” by C. S. Aitchison ef al. I.E.E.E.
Trans. MTT19, Dec. 1971. ’

14. “Effect of Process Variables on the Micro-
wave Conductivity of Thick-Film Conductors”
by J. R. Corkhill and E. R. O. Donnell
Electronics Letters, Sth Oct. 1972.

15. “Electrical and Electronic Engineering” by
F. E. Terman, McGraw-Hill, 1943.



Worlﬂ of Amateur Radio

Aerial gain — fact or fiction?
Many v.h.f. operators use aerial arrays
that are designed to give 10 dB or more
gain relative to a half-wave dipole. But
sometimes the gain is more theoretical
than real — many factors can in practice
reduce the gain achieved. Should more
effort be made to check the gain figures?
For several years American rallies and
conventions have featured aerial gain
contests with amateurs bringing along
their arrays to compete under specified
conditions. Winning entries may feature
gains as high as 20 dB or more.

Such contests are not often held in the
UK. but we were interested to read in
Break-In (journal of the New Zealand
association of radio amateurs) ‘some
detailed results of a 144 MHz aerial
measuring contest held recently at
Christchurch — results which we suspect
must have come as a shock to some
entrants. For example a nine-element
quad beam had a 30 dB front-to-back
ratio, but its forward gain over the
reference dipole was only 3 dB; a 14 dB
f/b ratio on a 7-element Yagi array was
accompanied by only 1 dB forward gain,
whereas a 6-clement Yagi with 10 dB f/b
ratio had an 8 dB gain. A four-element
Yagi with an f/b ratio of 4 dB actually had
a loss of 11 dB compared with the dipole.

These measurements were made using a
low-power transistor transmitter (100 mW
output with 40 dB attenuation) spaced a
quarter of a mile from the receiving site
with both aerials on 20 ft aluminium masts
and wusing a high-grade variable
attenuator. Fixed attenuators were used
either side of the variable attenuator to
help overcome the effects of mis-matches,
and the power of the transmitter was kept
low to prevent direct leakage into the
receiver.

Licences and operational news

Two relaxations have been made by MPT
in the terms of the Class C licences issued
to foreign amateurs for operation in the
U.K. In future, these operators will be able
to use r.tt.y. (radio teleprinting) and to
operate on telephony in any recognised

spoken language instead of being confined
to the English language.

Class B amateur licences for v.h.f.
operation now number over 3830 and
represent more than 20 per cent of the
total of about 18,650 U.K. licences for
fixed-station operation. The number of
new Class B licences continues to increase
considerably faster than the general Class
A licence.

Since the re-siting of the 144 MHz
GB3PI repeater station — licensed
experimentally by the MPT for one year
— on a 200 ft tower one mile west of

Barkway in north Hertfordshire the.

operational range has increased consider-
ably. Mobiles at distances up to 45 miles
(60 miles to the north) are now working
through GB3PI, so allowing contacts to be
made between vehicles as far apart as
Lincolnshire and north London. The
present experimental licence expires on
August 11 and a decision will have to be
made soon whether the experiment will
continue and perhaps be extended to
include other repeaters and u.h.f. facilities,
or whether the experiment be wound up.

The Oscar 6 satellite repeater schedule
has again been changed; the transposer is
now usually working only on Thursdays,
Saturdays and Mondays. Two more
British amateurs have recently obtained
the Oscar 6 “1000” Award: D. E. Davies,
GW3FSP of Bridgend and R. G. D.
Holmes, G6RH of Bexley, Kent.

R.S.G.B. Diamond Jubilee

The London Wireless Club — later to
become the Wireless Society of London
and then (in 1922) the Radio Society of
Great Britain — was formed on the
evening of July 5, 1913 at a meeting of
about half-a-dozen amateurs at the home
of Rene Klein (RKX later G8NK) at 18
Crediton Road, West Hampstead. In its
August 1913 issue, Wireless World
commented: ‘London has hitherto been
without a wireless club, but at a meeting
held on July 5 an association was formed
under the title of “The London Wireless
Club” having for its object the “bringing
together of all amateurs interested in

5 >

wireless telegraphy and telephony”.
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" In Brief

Derby and district amateur radio society
recently ran a direction finding contest in
which participants worked on foot rather
than the usual combined “car /foot” hunt.
This was done to give younger members a
chance to take part on their own; the
society has also co-opted to its committee
a junior member, Robert Bebe. ..
Another broadcast intruder in the 3.5
MHz band is HCVYGS, operating from the
Galapagos Islands on 3520 kHz. ... The
BBC World Radio Club, which recently
enrolled its 14,000th member, is now
transmitted on medium-waves (1088 kHz)
at 2315 G.M.T. on Fridays instead of
2345 GM.T. After 2% years as producer
Joy Boatman has handed the programme
over to Reg Kennedy, with Colin
Marchant and Henry Hatch, G2CBB,
continuing as regular participants. . . . A
group of Swedish amateurs (SM7AED,
SM7DBI and SM7FJE) will be operating
at weekends, including early mornings,
this summer from a site 215 metres a.s.l.
with high-power c.w. (144.011 MHz) and
s.s.b./cw. (145.375 MHz). . . . The
R.S.G.B. national mobile rally takes place
at Woburn Abbey on Sunday, August 5.
The rally will include a large trade
exhibition; R.S.G.B., B.A.R.T.G. and
“Raynet” information stands; a GB3PI
repeater demonstration stand and a
“bring-and-buy” stand, all in a large
marquee. Talk-in stations will include
GB3RS (1910 kHz a.m., 3700 kHz s.s.b.);
G3VHF (70.26 MHz a.m., 144.48 MHz
fim., 145 MHz a.m. and 145.41- MHz
s.s.b.); and via GB3PL .. . July mobile
rallies include: South Shields (July 1);
Newquay, Cornwall and Upton-on-Severn
(July 8); Scarborough (July 15); and
Ipswich (July 22). Two UK.
microwave records were broken when Les
Sharrock (G3BNL) and A. Wakeman
(G3EEZ) made contacts over the 98-mile
path between Dartmoor and the Prescelly
mountains, South Wales, on the 13, 9, 6
and 3 cm bands. Excellent signals were
received on all bands. . . . Twelve v.h.f.
repeaters are in operation in Australia:
New South Wales (5), Victoria (3),
Queensland, South Australia, Western
Australia and Tasmania with input and
output channels separated by 500 kHz. ...
Polish stations on the 432 MHz band
include SP2DX, SP2A0Z, SP3BBN,
SP6LB and SP6BPR. . . . The June 30
eclipse propagation experiment (see last
month) will be based on transmissions
from S5T5SOL operating as a beacon
station on 14050 and 21050 kHz from
0930 to 1130 G.M.T. . . . The MPT says
there is a growing tendency for stations
operating in s.s.b. nets to ignore the
requirement that callsigns should be
announced at least every 15 minutes. . . .
The Barking Radio Electronic Society will
operate an amateur station at the
Dagenham Town Show on July 7 and 8 on
all bands from 1.8 to 145 MHz, and with
GB2DTS as the talk-in station on 145
MHz.

PAT HAWKER, G3VA
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Industrial Electronics — 4

Electronic weighing

by Richard Graham

It is a remarkable thought that the kind of
measurement which must have been one
of the first that man ever made is the one:
which has resisted the attentions of elec-
tronic engineers the longest. It is probably
not much more important to weigh things
accurately today than it was when the
brontosaurus steaks had to be shared out
equally, but it is now considered to be
insufficient to read the weight from a
weighing machine; the result of the
measurement must be printed, transmitted,
used in computation or used to control a
blending process.

The call for electronic weighing is there-
fore not primarily motivated by its poten-
tial accuracy, but rather by its direct
provision of an electrical signal — anal-
ogue or digital — which can be used to
fulfil the ancillary functions of weighing.
This is, perhaps, just as well, because the
achievement of accuracy in an electronic
weighing system is a difficult and expen-
sive business; only in the last few years
have electronic machines reached a perfor-
mance comparable in accuracy to that of
the mechanical type of scale.

Hybrid weighers

The first attempts at deriving an electrical
output from a weighing process were, as
seen in Fig.1, hybrid in nature. The spindle
of an ordinary dial scale was fitted with a
rotary displacement transducer, which
produced either analogue or digital signals
corresponding to the position of the scale
pointer. The transducer could be either a
photocell-scanned diffraction grating or a
refined type of slide-wire potentiometer,
the former possessing the considerable
advantage of friction-free operation and
direct digital output.

These systems combine the advantages
(and the disadvantages) of electrical and
mechanical operation, and the feeling was
that the benefits of electronics were not
being properly exploited. For instance, the
construction of a mechanical weighbridge
consists of unbelievably large lumps of
steel, supported on knife-edge bearings.
When new, the whole edifice is capable of
weighing extremely accurately and with
excellent repeatability. Unfortunately, this
state of affairs does not last indefinitely;
knife edges and the dial mechanism wear
and the pointer begins to “stick”, main-
tenance is therefore required. Moreover,

since the platform of the weighbridge must
usually be flush with the ground, a sizeable
hole in the ground is needed to house the
lever mechanism.

On the other hand, a purely electronic
weighbridge consists of the platform, a
number of load cells, and a box of
instrumentation, as shown in Fig. 2.
Admittedly, the pit remains, but can be
considerably shallower and, in some cases,
can be dispensed with altogether, a ramp
being used instead. The output of the
instrumentation can be either analogue or
digital, and no “sticking” will be observ-
able.

Electronic weighers

The device which has made possible the
present state of electronic weighing is the
strain gauge used in a load cell. Other
types of load cell have been proposed, but
strain-gauge cells presently reign supreme.

rotary motion to
electrical transducer
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In essence, the device is simple, but it has
taken at least twenty years to reach the
current state of parity- with mechanical
weighers, and even now there are prob-
lems to be solved. After many years of
development, the strain gauge has now
stabilized into several forms. It is yet
another illustration of a simple idea which
is ferociously difficult to implement, and
its development was retarded by the fact
that most of the early workers in the field
spent a lot of time industriously measuring
and recording the wrong parameters, neg-
lecting vital information.

If one considers a piece of metallic
material of length L, cross-sectional area
A and specific resistance p, its resistance
end-to-end is expressed as pL/A. If it is
deformed, becoming shorter and- fatter, its
resistance’ therefore decreases, deforma-
tion by stretching giving an increase in
resistance. To apply this effect to a weigh-

counter and
control unit
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ing system, the strain gauge is used in
conjunction with a deforming spring struc-
ture, the load cell. Fig. 3 shows one form of
load cell, the “active” part being the nar-
row centre section. As a load is applied to
the button at the top, the neck becomes
very slightly deformed or squashed — by
a matter of a few hundredths of a centi-
metre decrease in height. This deforma-
tion is accurately proportional to the
applied load until the elastic limit is
reached, and is measured by the strain
gauges bonded to the neck. The gauges, in
the simplest configuration, are arranged in
the form of a wheatstone bridge and the
output signal is around 2mV per input
volt. The signal is amplified, usually digi-
tized and displayed. Many companies use
a dial display, but this always seems to be
a throwback in much the same way as
cars having their engines at the front
because that is where the horses used to
be.

That is a typical electronic weigher in
principle. As may be suspected, there is a
lot more to it than that. For instance, a
load cell would, if precautions were not
taken, do a reasonably good job of being a
thermometer; it could also suffer from the
bonding of the gauges being imperfectly
done and the ingress of moisture would
not help. The metal of the billet must be of
the correct type and the proper application
of the load to the cell is a matter of vital
importance.

For normal, mid-range temperature
operation, the foil type of gauge is used.
Fig. 4 shows the general arrangement of
such a gauge. The gauges are manufac-
tured by a process similar to that by which
printed circuits are made. An extremely
thin (about 5 microns) strip of constantan,
or whatever metal is chosen, is coated on
one side with synthetic resin and on the
other side with a photo-sensitive resist.
The resist is exposed to the required pat-
tern through a negative, the exposed parts
hardened and the rest removed. The
remaining pattern can be etched away
chemically, leaving the final gauge on a
synthetic resin carrier, which is then
bonded to the load cell billet and leads are
welded or soldered to the pads. Resistance
wire gauges are used for higher temperat-
ures and many different patterns of gauge
are used for other applications.

Two-component bonding materials are

often used, consisting of a monomer and .

hardener, polymerization taking place on
mixing and setting occurring in a short
time with heat applied. The important
features of a bonding agent are its life and
creep properties, sensitivity to moisture
and resistance to radiation. (Creep is the
effect observed when a suddenly-applied
load is reflected in a gradual appreach to
the final resistance value of the gauge.)

It is obvious that at least three load
cells must be used to form a stable support
for the weighing platform, and it is usual
to use a minimum of four and sometimes
eight, depending on the size -of the plat-
form. The way the cells are connected
together to give a signal output determines
the sensitivity of the system, and also, to
some extent, the type of supply used.

If cell outputs are connected in series,

strain load bearing
gauges

button

input

outer case (sealed)

(a)

Fig. 3. A typical load cell.

foil backing
[4
-
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-
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strain >

Fig. 4. One type of etched-foil strain
gauge.

with separate drive inputs, then the com-
bined output is that of one cell. The output
impedance is high and three supplies are
required. On the other hand, if the outputs
are in parallel, the signal is 1 /7 that of one
cell, where » is the number of cells. The
output impedance is low and only one
supply is needed. It is common practice to
use a series-parallel combination of cells,
giving reasonably low impedance, ade-
quate sensitivity and not too much trouble
with power supplies. :

The type of cell described is one of
several different styles: they are also made
in the form of rings and horizontal beams,
depending on the range of weights to be
measured and on the method of applying

the compressive or tensile force to the’

transducer.  Accuracies are usually
grouped into two classes — general-
purpose and precision. A precision cell,
used in weighbridges which must satisfy
official requirements, is capable of calibra-
tion error, non-linearity, hysteresis, and
creep of around 0.05% of full output,
while the general-purpose variety will give
calibration errors and non-linearity of 0.1
to 0.25% full rated output. Temperature
effects vary from 0.001% to 0.005% of
rated output.

That, then, is a very brief description of
the basic weighing element. There remains
its application to the business of weighing,
the ancillary instrumentation and the use
of complete systems in industry. I will try
to cover as much of this as possible in the
next article.
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Announcements

A course for experienced standards engineers will be
held at the University of Edinburgh from 25th to
27th June under the joint sponsorship of the
Standards Associates Section of the British
Standards Institution, 2 Park Street, London WIA
2BS and the University’s Centre for Consultancy and
Liaison. It is designed to bring standards engineers
up to date on standardization matters and provide a
forum in which they can discuss their problems, and
exchange ideas. '

Burndept Electronics (ER) Ltd, St. Fidelis Road,
Erith, Kent DA8 1AU, has acquired the land mobile
radio communications business of Cossor
Electronics. The equipment involved comprises the
“Consort” solid-state control system and w.h.f. fixed
point-to-point links for communication and
telemetry.

Sales office of ITT Components Group’s Thermistor
Division, formerly in Harlow, has moved to Steven
Street, Taunton, Somerset. It is now at the same
location as the factory.

Full qualification approval to the Post Office D3000
Class One specification has been gained by the
Electronic Components Division of Ferranti Ltd,
Gem Mill, Chadderton, Oldham, Lancs, for their
low-power, t.tl integrated circuits. To obtain this
approval, it must be demonstrated that cumulative
failures over 40 years will not exceed 2% in an
environment of 70% relative humidity, and 55°C
ambient temperature. ‘

Two new undersea telephone cables are to link
Britain and France in a project which will cost
between £5M and £6M. The British Post Office and
the French Ministry of Posts and Telecommunica-
tions are to share equally the cost of the new cables,
which will double the number of telephone circuits
between the U.K. and France.

Thorn Colour Tubes Ltd, Skeimersdale, Lancs, have
announced a £4.5M expansion programme. Current
output is running at 750,000 tubes per year and the
new expansion programme, designed to take effect
early in 1974, will eventually increase output to 1.2M
tubes per year.

British Aircraft Corporation, Electronic and Space
Systems, Brooklands Road, Weybridge, Surrey KT13
ORN, have received a £1.2M export order from
Hughes Aircraft Company for the manufacture of
satellite subsystems for the latest global
communication satellites Intelsat IVA.

Two new Boyd Line trawlers being built in Poland,
B420/1 and B420/2, are both to be supplied by
Marconi Marine, a GEC-Marconi Electronics
company, Marconi House, Chelmsford CM1 1PL,
with major electronics packages which will include
communications equipment and navigational aids.

ITT Semiconductors have appointed W. S. McMillan
& Co, 61 Colvilles Place, Kelvin Industrial Area,
East Kilbride G75 OTA, Glasgow, as franchized
distributor for Scotland and the N.E. of England.
Also appointed as specialist distributor for the radio
and TV industry are Best Electronics (Slough) Ltd,
Michaelmas House, Salt Hill, Bath Road, Slough,
Bucks SL1 3UZ.

Marconi Communication Systems Ltd, a GEC-
Marconi Electronics company, Marconi House,
Chelmsford, have received a £34+M contract from
the Yugoslav Joint Radio Television Committee, to
provide the largest single share of an order for studio
and transmitting equipment to put Yugoslavia’s
second TV service on the air.

Plessey Semiconductors has appointed Gothic
Electronic Components, a division of ERD
(Midlands) Etd, Beacon House, Hampton Street,
Birmingham 19, as authorised UK. distributors for
the complete range of Plessey integrated circuits.
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BURNDEPT HAVE PLANS
O SPEED UP A BUSINESS
ON THE MOVE

; Burndept commu-
nication systems will
give any business a move on.

Firstly, Burndept have
the planning skill.
"With 50 years’ experience in
radio communications, they'll plan a
system according to your needs.
Secondly, Burndept have the equipment.
Burndept's new Personal Radio-telephone is the most
versatile unit yet designed, It's small and light, and
has a wide range of accessories. So it can be used by
anybody anywhere—airlines, construction firms, the oil
industry—all find a use for it. The Burndept mobile
unit is easily installed in lorries, cars, fork lift trucks.
Burndept Radio-telephones are available in the VHF
frequency bands (either FM or AM) and in the UHF band
for greater penetration and clarity in urban areas.
Burndept back up their systems planning with a most
efficient after-sales service,

So you’ll always get the best out of Burndept—

and speed up your business on the move.

WITH US, SERVICE COMES FIRST.

Burndept Electronics (E.R.) Ltd.
St. Fidelis Road, Erith, Kent. Tel. Erith 39121

BURNDEPT

WW—080 FOR FURTHER DETAILS
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There are precious few ceremonies, functions, meetings or entertainment
events that Shure Vocal Master Sound Systems can’t cover — regardless of
room size or apparent acoustic difficulties. The Vocal Master is designed to
project the voice with intelligibility and authority to the rear of large areas
without overwhelming the listeners up front. It’s versatile, easy to operate,
and totally reliable. It's the system that earned its reputation for superb
sound amplification by meeting the standards of professional entertainers -—
and is now used in hotels, churches, schools, executive meeting rooms and
entertainment facilities from Land’s End to John O’Groats in preference to
built-in “custom’ systems costing many times more.

Shure Electronics Limited
Eccleston Road, Maidstone ME 15 6AU a SHHMURE

WW—081 FOR FURTHER DETAILS
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Experiments with operational amplifiers

11. An op-amp used as a phase sensitive detector

by G. B. Clayton* B.Sc., F.Inst.P.

A phase sensitive detector (p.s.d.) is a
system which produces a d.c. output signal
in response to an a.c. input signal of a de-
fined frequency equal to the frequency of an
a.c. reference signal. The d.c. output is pro-
portional to both the amplitude of the a.c.
input signal and the cosine of its phase angle
relative to that of the reference signal. P.s.ds
areused as synchronous rectifiers in chopper
d.c. amplifiers; they are also used for the
accurate measurement of small a.c. signals
obscured by noise.!

A p.s.d. acts essentially as a multiplier
giving an output proportional to the pro-
duct of the input signal and the reference
signal. It is instructive to analyse this multi-
plication process. We consider a sinusoidal
signal e; = E; sin (w,?+ ¢) multiplied by a
square wave reference signal. The square
wave is assumed to be symmetrical about
zero and to have unit amplitude and unity
mark-space ratio.

The Fourier series for a unit amplitude
square wave is

4[. 1.
v, = —| sin @+ sin 3w, ¢
i 3

1
+§ sin S@,f+ . . J (11.1)

and

e, = — E | sin (w,¢+ ¢) sin ©,¢
A

1
+sin (w 2+ @) 3 sin 3w, 1+ . . :[

= %Ex cos [(w,—w,) 1+ ]
—cos [(w,+ w,)t+¢]

+§ cos [(w,—3w,)t+¢]

—% cos [(w,+3w,)t+¢]

—I—1 etc
5ot

It can be seen that the product gives rise to
d.c. terms for signal frequencies w, = w,;
3w,; Sw,; etc. ’

(11.2)

.2
For o, = o, the d.c. term is EES cos ¢

*Department of Physics, Liverpool Polytechnic.

for w, = 3w, the d.c. term is %Es%cos ¢
... et

In a p.s.d. the multiplication process is
followed by low pass filtering. The low pass
filtering may be performed by a simple RC
filter which is used to attenuate all a.c. com-
ponents of the product. The effective band-
width of the system is then set at 2/T
radians/sec. where "= CR, the time con-
stant of the filter.

The noise rejection properties inherent in
phase sensitive detection arise in large part
from the extremely narrow bandwidth
which is so readily obtained by selection of
filter time constant. A p.s.d. acts as a recti-
fier tuned to the reference frequency, but its
noise rejection properties are in fact superior
to a filter rectifier combination. It would be
quite impractical to obtain the narrow
bandwidth of a p.s.d. with a conventional
filter.

Noise passed by a conventional filter
circuit gives rise to d.c. in the normal recti-
fication process. In a p.s.d. unwanted sig-
nals, like random noise, produce fluctu-
ations about the d.c. output level given by
the wanted signal at the reference frequency.

Many p.s.d. designs of varying degrees of
complexity have been described in the liter-
ature (Refs. 2, 3, 4, 5). In general it is con-
venient if the signal input, the reference
voltage input and the output from the detec-
tor share a common earth line. This con-
dition is not fulfilled in all p.s.d. designs but

(a)
Fig. 11.2 Conditions in the p.s.d. of Fig. 11.1 with (a) the f.e.t. biased off, (b) the f.e.1.
biased on.

€g

Ra
12k
S AA
R4
12k
—AAAN/
-\
R3
12k —15V

d.c.
Th, c output

reference signal

O

Fig. 11.1 Op-amp phase sensitive detector.

may be readily fulfilled by using an opera-
tional amplifier as a p.s.d.

In the circuit of Fig. 11.1 the closed loop
gain of the operational amplifier is switched
between plus and minus unity by a square
wave reference signal applied to the gate of
the f.e.t. Tr,. The circuit is very convenient
for illustrating p.s.d. operation. '

Conditions in the circuit with the fe.t.
biased off and on are shown in Figs 11.2(a)
and 11.2(b) respectively. Referring to Fig.
11.2(a) and assuming the amplifier behaves
ideally we have

e_=e, = ¢

Thus I; = I, = 0 and e, must be equal to
e;. The closed loop gain is plus unity and

Ra
AAA—
Ry
+ T
R3 R
I" €= E— €g
ds if rgg —0

(b)
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Fig. 11.3 Signal (sine wave) and reference
(square wave) in phase. (Upper trace

10V /div.; middle and lower traces 5 V/dzv
horizontal scale 2ms/div.)

Fig. 11.4 Signal (sine wave) and reference
(square wave) phase shifted by 45°.
(Scales as in Fig. 11.3.)

Fig. 11.5 Signal (sine wave) and reference
(square wave) phase shifted by 90°.
(Scales as in Fig. 11.3.)

Fig. 11.6 Signal (sine wave) and reference
(square wave) phase shifted by 180°.
(Scales as in Fig. 11.3.)

47k +15V

47k
VVV
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adjust for
unity mark-space

+15V

470T —-15V

Fig. 11.7 Phase shifting and squaring circuit

Fig. 11.8 Response of p.s.d. to 3rd harmonic
of reference signal.

under the conditions in Fig. 11.2(a) its value
is independent of resistor values.

In Fig. 11.2(b) r,, represents the effective
drain source resistance of the conducting
transistor. If ry, — 0 the non-phase-inverting
input terminal is effectively earthed and the
closed loop gain is equal to —~ R,/R;. A non-
zero value for r, allows a small fraction of
the input signal to appear at the non-phase-
inverting input terminal of the amplifier and
R, must be made slightly greater than R,
for a closed loop gain of minus unity.

The action of the p.s.d. is illustrated by
the oscillograms, Figs 11.3 to 11.6, which
show circuit waveforms for various phase
relationships between input and reference
signal. In each case the upper trace shows
the reference square wave which is applied
to the gate of the f.e.t., the middle trace
shows the sinusoidal input signal and the
lower trace shows the waveform which
appears at the output terminal of the ampli-
fier. The average value of the output is read
by a d.c. voltmeter which follows the low
pass filter RC.

Note that when the square wave is at its
negative value the f.e.t. is switched off and
the sinusoidal signal is multiplied by plus
unity. When the square wave is at its upper
level the sinusoidal signal is multiplied by
minus unity. The unity amplitude square
wave reference multiplier of eq. 11.1 is
phase shifted by 180° on the actual reference
square wave.

In order to check the relationship

it is convenient to derive the phase shifted
reference square wave and the input sxgnal
from the same signal source.

A phase shifting and squaring circuit suit-

able for this purpose is illustrated in Fig.
11.7.

It is instructive to observe the behaviour
of the p.s.d. for input signals at frequencies
other than that of the reference signal. Two
separate sources are required for this pur-
pose, a reference square wave and an input
sinusoid. The oscillogram in Fig. 11.8 shows
waveforms which illustrate the response ot
the system to an input signal at a frequency
equal to the third harmonic of the reference
signal. It is clear that the output waveform
has a non-zero average. Its value is

2 1
—FE;-cos¢
n 3

where in this case ¢ = 180°.

References

1. Danby, P. C. G., Electronic Engineering,
January 1970.

2. Williams, P., J. Sci. Instrum., 1965, 42, 474—
476.

3. Lacy, J. G., Electromc Engineering, March
1967.

4. Danby, P. C. G., Electronic Engineering,
December 1968.

5. Linsley Hood, J. L., Electronic Engineering,
April 1970.

About People

Professor John Bardeen, For.Mem.R.S. In
recognition of his .development of the basic
theory leading to the invention of the transistor
and of his research on the theory of solids,
John Bardeen has been elected a Foreign
Member of the Royal Society. In 1956,

Professor Bardeen shared with William
Shockley and Walter Brattain the Nobel

Prize for physics, and was awarded the
LLEE.E. Medal of Honour in 1971. He is
Professor of Electrical Engineering and
Physics in the University of Illinois, Urbana.
Richard Foxwell, C.B.E. has been appointed
a director of Marconi Instruments. Mr.
Foxwell, who was a founder and chairman
of Wayne Kerr, was a past president of the
Scientific Instrument Manufacturers Associa-
tion, is deputy chairman of the Advisory
Council on Calibration and Measurement,
deputy chairman of the Conference of the
Electronics Industry and UK. co-chairman
of the Anglo-Soviet Joint Working Group on
Instruments. He has recently been nominated
as the UK. representative on the Presidents
Committee on the Comité des Industries de
la Mesure Electrique et Electronique de la
Communaute (CIMEC).
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The Metre Waves Now

A progress report on amateur-radio activity above 30MHz

by J. Hum csum

Officially, v.h.f. begins at 30MHz, u.h.f. at
300MHz and so on upwards. Colloquially,
the whole of this spectrum is known as the
metre wavelengths by the amateur radio
transmitting operators who inhabit it, to
distinguish it from the “h.f. bands” of
30MHz and below. We shall use the
terminology in this broad sense for the
remainder of this article.

Over the last half dozen years the
exploration of the metre wavelengths by
U.K. transmitting amateurs bears some
resemblance to the pioneer work done by
their forebears almost half a century ear-
lier in opening up the ostensibly useless
short waves. But there is a significant
measure of difference: in the “way back”
days amateur signals were almost the only
ones to be heard on the virtually vacant
intercontinental wavebands. Today the
world above 30MHz has a population
problem so intense that official specifica-
tions for professional communications
equipment, become tighter almost year by
year. Once-spacious 50ke/s channelling
(in the days of kilocycles, before “hertzes”
came in) gave way first to 25kHz and then
to 124kHz bandwidths that told their own
story of the congestion which had built up
on the very high frequencies.

To the amateur transmitting practi-
tioner these circumstances carry certain
implications. No longer alone on the metre
wavelengths, as his father was on the short
waves, he is well aware of the need to
justify his retention of them under such
pressures. But what he also observes is the
professionals’ quite understandable preoc-
cupation with providing as near 100%
reliable communication as the noted
intransigence of electronic equipment will
permit, both in terms of actual electro-

mechanical reliability and in the sustaining

of high level voice communication come
what may, and no outages (reversion by
the customer to landline communication is
not only a stigma on the escutcheon of the
business-radio manufacturer but carries
the awkward possibility that it might
become permanent).

This is not to say that the amateur
operator puts a low priority on reliability:
in a situation where large numbers of
inter-city and inter-county nets on the 144
and 432MHz bands go into action nightly,
instant communication is a sine qua non.
But it is to say that the amateur v.h.f.
communicator today detects, just as his

father did fifty years ago, a number of
challenges to his techmique which in the
nature of things can be of only minimal
interest to the professional providers of
short haul traffic facilities.

Anomalous propagation

Just above the upper limit of television
Band I lies the amateur 70MHz allocation,
popularly known as “Four Metres”,
apparently capable of giving no more than
line of sight range if considered in conven-
tional engineering terms. To questing
experimenters it has shown that it can give
much more. Early in their experience of
“Four” (it was granted to them 17 years
ago), British amateurs discovered that it
held propensities for anomalous propaga-
tion, even with transmitter inputs res-
tricted to the SOW allowed on this band,
that were truly surprising. The value of the
band to amateur v.h.f. men, and the value
of the propagation observations they were
conducting on it, persuaded the licensing
authority progressively to extend the avail-
able space from a bare 200kHz to 675
kHz today. Latterly, a few overseas coun-
tries have followed the UK. lead and
made this special band available to non-
professional users, “special” because it is
not an official L.T.U. amateur allocation.

The effect of these concessions was
startling. Communication from the UK.
to Iceland in one direction and Gibraltar
in the other became almost a matter of
routine during the equinoctial months of
certain years when it was possible to use
the sporadic-E manifestations that gener-
ate reflective ionized patches along the
propagation paths.

Another aid to long distance communi-
cation on supposedly optical frequencies is
the tropospheric or warm weather effect,
generally associated with stable high pres-
sure weather systems and temperature
inversions, and the appearance on the
domestic television set of the “We regret
continental interference” caption. Whereas
tropo-propagation can be predicted by the
sixth sense which amateur v.h.f. men deve-
lop in relating weather conditions to radio
conditions — a look at the barometer and
then the sky is enough — it is not so easy
to forecast when sporadic-E will occur
(except, broadly, in the equinoctial sea-
sons). When it does it is supremely excit-
ing and brings hundreds of v.h.f. workers
off the garden — or early home from work
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— in order to participate in what is always
a short-period occurrence: a characteristic
of sporadic-E is its habit of “turning on”
without warning and later of “going out
like a light”.

Equally intriguing is the possibility of
communication via the Auroral curtain
upon its appearance after periods of
intense solar activity. Radio noise from the
sun, a harbinger of aurorae, alerts the
amateur observer to the possibility that
Northern Lights may be present even
though they may be invisible. On these
occasions directional aerials pointed
northwards transmit v.h.f. signals to be
returned by the aurora and received on
other aerials orientated the same way.
Such signals are rendered characteristic-
ally rough in tone quality by the discrete
nature of the reflecting surface (“super
multipath” propagation), and for this
reason a.m. telephony becomes unintelli-
gible. Either c.w. or single sideband tele-
phony is essential.

All these propagation abnormalities

occur in the 70MHz band and have been
thoroughly exploited by amateur opera-
tors. Their appearance in “the next band
up”, 144MHz, is less frequent, and on
432MHz (70cm) and 1296MHz (23cm)
rare indeed except under special condi-
tions of “warm weather tropo” that extend

- the range of the ultra-high frequencies in a

manner likely to bring delight to the
amateur but dismay to the professional
planners of short haul communication.

Class B licence

Of the four bands so far referred to, that
extending from 144 to 146MHz is by far
the most heavily populated. A prime
reason for this is the advent of the
Amateur Class B licence which requires
no morse qualification, but confines the
holder to the bands 144MHz and
upwards. When introduced in 1964 this
licence permitted operation on telephony
in the 432MHz (70cm) band and above.
In March, 1968, the then Postmaster
General announced that in response to rep-
resentations made by the Radio Society of
Great Britain he had decided to include
the 144-146MHz band within the terms of
the Class B licence. An immediate acceler-
ation in the rate of issue of Class B
licenses so galvanised the activity and
occupancy of “Two” that now it is no
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longer necessary to tune over the band for
a long time before a contact can be made:
at any time of the day there will always be
somebody on — and the chances are that
he will be a Class B man using the
characteristic G8-plus-3 callsign. This call-
sign block, which started at GS8AAA in
1964, is approaching the end of the
G8HAA-HZZ series, to bring the total of
Class B licensees to almost 4000, most of
them having come into amateur radio
within the last four years, and now operat-
ing primarily in the 144-146MHz band.

It is not surprising in these circum-
stances that the 432MHz band is being
rediscovered by large numbers of opera-
tors who “want a change from Two”. Nor
is it to be wondered at that a lively
awareness exists that heavy band occu-
pancy demands good manners allied to
impeccable equipment design (whether
home built or bought) if users of the v.h.f.
world are to remain at peace with one
another,

On the latter point the R.S.G.B recom-
mends its members to strive for a rejection
figure of -90dB in respect of unwanted
transmitter products which is -30dB more
stringent than professional requirements.

Global DX

Remaining a Class B licensee and staying
permanently on telephony on the metre
wavelengths suits a sizeable proportion of
the GS8-plus-3 operators. Others regard
Class B status as an interim one prepara-
tory to passing the morse test and acquir-
ing the Class A licence that confers per-
mission to use the lower frequency bands.
These operators are seldom lost to v.h.f.
All have metre-wave equipment dating
from their Class B days, and they continue
to use it between spells of savouring the
condition of the world below 30MHz.

. To acquire a Class A licence, and the
freedom to use the morse code, greatly
extends the range over which a v.h.f
operator may expect to work, for telegra-
phy provides readability at remote points
where telephony, even penetrative single
sideband, can no longer be resolved.

Additionally, there are two sophisti-
cated areas of communication (“rarefied”
is probably a more appropriate adjective)
where the use of telegraphy is mandatory.
These are meteor scatter and Moon-
bounce.

Meteor showers release in the upper

atmosphere tiny patches of ionization .

which may be used for radio communica-
tion purposes as if they were sporadic-E
accumulations.  Being  infinitesimally
smaller and more fleeting, they produce a
barely audible bounced signal at a distant
point; yet several UK. stations have com-
municated ‘on 144MHz as far as Russia
by this means. The key (literally) to suc-
cess with meteor scatter v.h.f. propagation
is the ability to effect very rapid morse
exchanges over a period of perhaps some
hours so that bits of received information-
may be assembled to build complete mes-
sages.

The ultimate in global DX working is to
be realised by bouncing a signal off the
Moon as far as the Antipodes, a feat
achieved on a world wide basis by no

Although a profusion of commercial
designs is available to v.h.f. radio
amateurs, many continue to prefer to
build their own equipment. Rather
Jfewer go so far as the Belgian
enthusiast who constructed this 65/t
mast himself, together with four
10-element aerials for 144MHz and
Jour 15-element aerials for 432MHz
arranged in a box formation, plus a
multiplicity of other aerials for
television reception.

more than a handful of dedicated experi-
menters. For technical reasons the 432
and 1296 MHz bands are favoured for this
work, for the larger the aerial dish the
better the chances of success. The chal-
lenge of this kind of ultimate DX is such
that, not content with achieving it by the
morse key, one or two operators have
Moonbounced single sideband telephony,
with by no means discouraging results.

Microwaves

In a more earthbound context the increas-
ing activity now apparent on the amateur
microwave frequencies prompts the
thought that centimetric parabolas will
become a more established part of the
amateur radio scene than they are at
present. In spite of exacting aerial align-
ment requirements in the 13, 9 and 3cm
bands, and the cut-off effect of local topo-
graphy, it is to be expected that urban
chimneys will assume a modestly “space-
age” look as more aerial dishes go up.

To promote further experimentation in
these amateur microwave bands the
R.S.G.B. offers special certificate awards
to operators who communicate over cer-
tain minimum distances in the gigahertz
spectrum. These are not easily won: for
example users of 13cm must provide proof
of two-way communication over a dis-
tance of 500km. Even at 3cm (the “ten
gig” band is for a number of equipment
reasons the most popular of the micro-
waves) the minimum distance requirement
is 150km, or effectively 100 miles, achiev-
able in certain parts of the U.K. between
line of site hilltops, rarely from home.

Healthy competition stimulated in this
way is a noted incentive to experimenters
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to improve their equipments and to further
the state of the microwave art in general.

Artificial aids

Of the methods of metre-wave propaga-
tion so far discussed, whether by morse
key or microphone, or via the Moon,
meteor trails, aurorae, sporadic-E or warm
weather tropo, all are achieved by natural
means. Now artificial aids to extend trans-
mission ranges are coming into the pic-
ture, especially in the shape of Orbital
Satellites Carrying Amateur Radio, perso-
nified as Oscar.

It was as long ago as December, 1961,
that Oscar 1, launched from a site in
California, prompted the thought in the
minds of many v.h.f. workers that herein
lay the possibility of world wide commun-
cation on line of site paths if the project
could be suitably developed. The simple
3-transistor Oscar 1 delivered no more
than 100mW into a monopole aerial,
transmitted the basic telemetry symbol HI,
and orbited the earth every 91 minutes. It
has been succeeded by a range of amateur
communication satellites of increasing
sophistication, the latest of them, Oscar 6,
being launched at the end of 1972, up-
channel centred on 145.9MHz and a down
channel after transponding at 29.6MHz.
Global communication has proved to be
so easy to achieve via Oscar 6 that the
appearance of the satellite over the radio
horizon precisely at the predicted orbital
times no longer excites unusual interest.

The secret of success with Oscar 6 has
been to transmit in the 2m band at the
critical moment when the satellite was
midway between the observer and the
distant station he wished to work, possibly
up to 7,000 miles away, and to listen for
the transponded reply on 10m before the
satellite moved out of range in a matter of
ten minutes or less.

Beacon signals on 10m and 70cm
planned for Oscar 6 will be a feature of its
successor, Oscar 7. But instead of one
translation system there will be three, two
of them 2m to 10m and the third 70cm to
2m. Only one will be in operation at any
given time during the planned three year
life-cycle of this satellite.

Repeaters

It is not only in space that amateur-band
repeater services are operational: back at
ground level intercommunication will be
extended by the provision of hilltop talk-
through repeaters to give poor-sited opera-
tors a better chance to speak to the
outside world than they have ever enjoyed
before. “Poor sited” includes operators of
vehicle-borne equipment.

A well sited automatic repeater station
enormously extends the potential range of
any mobile radio communication installa-
tion operating through it. The first U.K.
repeater beacon, designed by radio
amateurs at the Pye works at Cambridge,
licensed as GB3PI by the Ministry of
Posts and Telegraphs through the
R.S.G.B., and installed at an elevated site
in north Hertfordshire, has virtually quad-
rupled the service area to be expected by a
mobile operator using the 2m band.
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‘One word says our new

Panel Meters are amon

AV O meters always tend to
become the meters by which others
are judged. And it’s about to happen
again — in Avo’s Golden Jubilee year.

For wue first time ever Avo has
marketed a range of completely new
panel meters-the ‘Dinline Fifty’ range.
Their quality sets a tough standard
for any manufacturer to match.

The ‘Dinline Fifty’ range is made
to conform to DIN(IEC 51) standards.
This, together with extremely
competitive price and delivery, makes
it easier for our customers to sell in
Europe. Theyhave the ‘slim’look scaled

e World’s best

friend and our friend, the Avometer.
There are two styles in the AVO
‘Dinline Fifty’ range — matt black

- glazed front or clear Makrolon —

each in four sizes — all with one
universal, fit-anything 50 mm barrel
diameter. Together with optional
fixing stud positions (available on
request), this makes possible
equipment up-date without costly
panel redesign.

And there are sensitivities from
10pA to 30A and 10mV to 1000V,
all self-contained.

The rest of the details are in a

with a low arc to suit today’s modular 0l comprehensive data sheet that’s
instrument presentation. They’re ‘ e - yours for the asking.
accurate: BS89/70 Part 1 (Class Index 1 25 , "i‘%&?o So why not tick the reader reply

available for larger meters on request). | : HIA card? ‘

And they have well proven centre | ' Avo Limited, Archcliffe Rd,
pole moving coil movements that Dover, Kent. Phone: Dover
give the faultless performance of your (0304) 202620

WW-—082 FOR FURTHER DETAILS
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The reliable routes to power

..

\

You know exactly where you want to go, the ROUTE NUMBERS

direction you want to take, and how fast you want " 8.Silicon.Wide range of metal and plastic packages
to cruise (voltage and amperes t00.). available with four distinct technologies.

We just offer the best choice of routes. .
S1Epi-Base Up to 180V and 50A. Excellent safe area,
NPN/PNP complements and 6.0 MHz ft.
Monolithic Darlington types avaitable.

S.2 Single Diffused  Upto160v and 30A. With excellent safe
operating area NPN only and IMHz ft.
Monalithic Darlington types available.

S.3 DoubleDiffused  Up to 300V and 30A. High speed switching,
NPN/PNP complements with good Hre:
linearity. Monolithic Darlington types
available.

S.4 TripleDiffused  Upto 750VCEQ and 10A, NPN only, 20
MHz ft and Darlington types available.
For switching power supplies,
TV deflection and car ignition.

G. Germanium Wide range of 2N, MP and PRO-

ELECTRON types available with two technologies.

Gl Alloy Upto 100V and 60A. Excellent safe
operating area and low saturation voltages.

if you want more route information telephone your Motorola distributor. G.2Diffused Base Up to 250V and 60A. Fast switching types.

MOTOROLA Semiconductors

Motorola Semiconductors Ltd., York House, Empire Way, Wembley, Middlesex. Telephone: 01-903 0944.
European manufacturing facilities at Toulouse and East Kilbride. Distributors: Celdis Ltd., Reading, East Kilbride;
GDS (Sales) Ltd., Stough, Dublin; Jermyn, Sevenoaks ; Lock Distribution, Oldham; Semicomps Ltd., Wembley.

WW—083 FOR FURTHER DETAILS
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New Products

Integrated circuit power
supplies

Best Electronics announce the Westing-
house VRI series of rectifier/regulator
modules, which are fully protected against
over-current and short circuits. The five
standard units provide from 1.25V to 30V
regulated d.c., up to 2A direct from alow
voltage a.c. input, provided by the HRT-1
transformer. This transformer provides
secondary taps to cover all Hyreg input
voltages within  3.5%. Precise output
voltages and current limiting are set by
three external resistors.

For a complete power supply a Hyreg
VR1 module, the HRT-1 transformer,
three resistors and a smoothing capacitor
are required. Prices, including post and
packing of the VR1 regulator modules and
the HRT-1 transformers are as follows:—
VR1/1.25 — 6.5V £6.25 each, VR1/18
— 24.5V £6.95 each, VR1/6 — 12.5V
£6.25 each, VR1/24 — 30V £6.95 each,
VR1/12 — 18.5V £6.95 each, HRT — 1
£3.95 ecach. Best Electronics (Slough)
Ltd, Michealmas House, Salt Hill, Bath
Road, Slough, Bucks SL1 3UZ.

WW 310 for further information.

Rotary stud switch

Elma claim improvements to their 03
miniature rotary stud switch which have
resulted in reducing ‘switching noise’ still
futher and enhancing operating life —
better than 25,000 rotations — to give
even greater reliability. Radiatron Com-
ponents, who market Elma products in the
UK., are now introducing the improved
03 version to their customers. Radiatron
stress that it is mechanically inter-
changeable with the former type.

A choice-of contact materials is offered
to meet specific applications: gold flash on
silver, 3um hard gold and 5um hard gold.
The latter type has recently received Post
Office approval.

Other significant 03 features include:
Contact resistance typically 5SmQ, up to
24 ways on lin wafer, up to 12 wafers,
shorting or non-shorting, concentric
spindles.

Design improvements have been made
to the rotor and contact housing, contact

wiper, contact spring and stud, and the
wafer rotor guide. Radiatron Com-
ponents Ltd, 76 Crown Rd., Twickenham,
Middlesex.

WW 314 for further information.

U.H.F. passive equalizer

A passive channel equaliser for four
channel whf. operation designed by
Wolsey Electronics allows compensation
for variations between the input levels of
channels and losses in the distribution
circuitry, so that the signal inputs to a
head end amplifier system are suitably
balanced. The filter system has a constant
impedance potentiometer to control each
channel.

Good inter-channel selectivity is claimed
for this method, with excellent response
curves and input and output v.s.w.r.
Although the through loss is acceptable

at the head end in most cases, the Wolsey .

whf channel equalizer is line-power by-
passed to allow mast head or prior
amplification powered through the unit.
The equalizer can be used to provide a
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chosen equalizing slope to compensate
for differential losses throughout a master
aerial TV system, and wherever a
channel filter is necessary to improve
selectivity. The bandwidth of the equalizer
is 9MHz at 3dB. Wolsey Electronics, -
Cymmer Road, Porth, Rhondda,
Glamorgan CF39 9BT.

WW 317 for further information.

Low-pass filters

A series of low-pass filters (the FLC series)
have been introduced by American
Electronic Laboratories. Suited for elimin-
ation of undesired harmonics from a signal
source, the FLC 1000 sector of the series is
an eleven element filter with a 2MHz to
300MHz cutoff frequency range and a
Chebychev response in the passband.

The FLC 3000 group of this series is a
nine branch elliptic function filter with a
Chebychev response in both the passband
and stopband. Featuring a 2MHz to
150MHz cutoff frequency range, their
greater selectivity can be used to facilitate
receiver operation in the presence of a
nearby transmitter. Filters in both the FLC
1000 and 3000 series have an input and out-
put impedance of 50£2. Low ripple design
ensures a v.s.w.r. of 1.5:1 maximum for
frequencies below 80% of cutoff frequency.
American Electronic Laboratories, Inc.,
MS/1123, P.O. Box 552, Lansdale,
Pa.19446,U.S.A.

WW 301 for further information.

Electronic multimeter

Avo claim to have produced one of the
cheapest electronic multimeters ever for
the professional market. This latest addition
to the new Avometer generation is called
the EM 272. A high input impedance of
316kQ/V, a wide range of measurement
and a good frequency response to 20kHz
are offered with a.c. and d.c. voltage ranges
from 30mV to 1000V fs.d., a.c. and d.c.
current from 3uA to 3A f.s.d. and resistance
between 102 and 40MQ, the high imped-
ance of the instrument ensuring accuracy
of measurement in high impedance circuits.
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Printed circuit shunts and thick-film
resistor modules provide high reliability
comparable to that of the small centre-pole
movements. The moulded shatterproof
case, identical to that of the already
popular Avometer model 72, can be held in
one hand. Available from wholesale dis-
tributors at the UK. trade price of £24.85
plus VAT £2.49. Avo Ltd, Avocet House,
Archeliffe Road, Dover, Kent.

WW 316 for further information.

Cartridge/cassette
recording head

To meet the rapidly increasing use of
cartridge/cassette tape drives in mini
computer systems, Gresham Infomag
Limited have announced a new four-track
read after write magnetic recording head
for 4in tape.

Utilizing 0.064in track centres, the write
head track width is 0.050in and the read
width 0.030in. Bit densities up to 1600

b.p.., phase encoded, can be handled by
the head, the standard product in the range
being aimed at 30 i.p.s. drives. Excellent
feedthrough (crossfed) and resolution are
¢laimed - for the head, whose overall
mechanical dimensions are 0.650in wide X
0.775in high X 0.725in deep. Gresham
Infomag Ltd, Weybridge Trading Estate,
Weybridge, Surrey KT15 2RN.

WW 319 for further information

Multitestset

A new high input impedance multitestset
has been released by Conway Electronic
Enterprises. This instrument, now inter-
nationally offered, has been given the trade-
mark registered name “Masteranger”
model 639. It possesses a floating input
entirely obviating user hazard particularly
when measuring from circuits which are
not necessarily at ground potential on the
low side.

The instrument features an input re-
sistance of 100M and incorporates rang-
ing giving measurement capability from
50uV up to 1500V a.c. and d.c., plus r.f.
measurement. A.c. and d.c. current can be
measured from 150nA full scale up to
150A. Resistance measurement is up to
10,000M£2 and dBm measurement is from
—80dBm to +66dBm. It is energized by

its own internal long-life batteries which
can be zinc carbon, mercury, alkaline or,
optionally, can be a.c. mains powered by a
“line power cassette” insertable in the rear
of the instrument in lieu of the battery
cassette.

“Masteranger” model 639 has a six
inch mirror scale and accuracy is 1.5%
of full scale. The line power cassette makes
use of a new type of transformer with
separated windings and therefore com-
pletely isolates from each other which
has resulted in implicit safety in measure-
ment and guarantees against hazard.
“Masteranger” with its total of 80 main
ranges plus auxiliary ranges, will operate
from batteries or 115/230V  +15%,
50/400Hz +10% and- thus is useful for
operation anywhere in the world and
even from aircraft 400Hz supplies. The
instrument is lightweight and comes com-
plete in a genuine bridle leather carry case
with shoulder and neck strap and can be
used suspended from the neck of the
operator ensuring hands-free operation.
Conway Electronic Enterprises Ltd, 88-90
Arrow Rd, Weston, Ontario, Canada
MM 2L8.

WW 323 for further information.

Half-tone storage c.r.t.

A new cathode ray tube announced by
Mullard is designed for use in laboratory
oscilloscopes that require a half-tone
storage facility. Designated type L14-
110GH/55, it is a 14cm rectangular tube
with a storage time of at least 1.5 minutes;
the phosphor used to present signals with-
out storage has a persistence of short-to-
medium duration.

The new tube is only a few millimetres
longer than types D14-120, D14-121 and
D14-160, other dimensions being the same.
Hence, the L14-110GH/55 can easily re-
place them in existing oscilloscopes which
will then gain the facility of image storing.
As the new tube has greater horizontal
deflection sensitivity than the earlier types,

l
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an improved performance is also gained
in the oscilloscopes.

The L14-110GH/55 has a useful scan
area of 90 X 72mm (10 X 8 divisions of
9mm). Correction coils supplied with the
tube enable the raster to be aligned with
the internal graticule. Mullard Ltd,
Mullard House, Torrington Place, London
WCIE 7HD.

WW 318 for further information.

Modulation meter

An automatic modulation meter with a
frequency range sufficient to cover all the
mobile radio bands is announced by
Sayrosa Engineers Ltd. The instrument,
model 251, employs circuitry which
eliminates . manual tuning and level setting
so that as long as the input signal is above
a minimum level (typically 10mV), the
circuitry will lock-on and provide an
immediate measurement of the modulation
present. F.M. deviation ranges from 3kHz
to 100kHz full scale are provided and for
a.m. there are full scales of 30% and 100%.
Mode and range selection can be made
manually, or by logic input an analogue
output proportional to the measurement is
provided for systems use. The unit is half-
rack width, 4in height and weighs less than
8lbs. Sayrosa Engineers Ltd, P.A. Box 50,
Bracknell, Berkshire RG12 4YT.

WW 307 for further information

Frequency analyser

B & K Laboratories have anncunced a
new frequency analyser. This model, known
as the 2120, is a constant percentage
bandwidth analyser for use in the frequency
range 2Hz to 20kHz with provision for the
connection of external filters extending the
range to 180kHz. It consists of a measuring
amplifier combined with a built-in active
filter complex which is continuously vari-
able and can be switched into four basic
modes: )

1. As a constant relative bandwidth
filter having four selectable band-
widths of 1%, 3% , 10% and 1/3
octave.

2. As a tunable bandstop filter which
will suppress any chosen frequency

* more than 60dB; suppression at 0.5/;
and 2f;, being less than 1dB.

3. As a tunable high-pass filter.

4. As a tunable low-pass filter.

The internationally standardized weighting
networks for sound measurements —
A, B, C and the proposed D network —
are included and are selectable as required.
The linear frequency range of the instru-
ment is 2Hz to 200kHz, and the measuring
range from 10uV to 300V r.m.s. or 700V
peak. Noise level can be reduced to 0.4uV.

The many refinements incorporated in

the model 2120 combine to make it a very
versatile instrument indeed.

The meter and its rectifying system for

instance, provides a choice of 6 indications
in either logarithmic or linear form. These
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are r.m.s., impulse hold, +ve peak,
—ve peak or maximum peak and in
addition a switch provides a choice of
averaging times from 0.1 to 300 seconds as
well as “fast” and ‘‘slow” in accordance
with LE.C. recommendations. Thus, if
used in conjunction with suitable B & K
microphones, the 2120 can be used as
either a precision sound level meter or a
precision impulse sound level meter. Shock
and vibration can also be measured over
wide dynamic and frequency ranges when
the 2120 is used with one of the B & K
vibration transducers. Its peak indication is
particularly useful in this instance for the
measurement of short duration shocks
down to 20 microseconds.

Sound analysis and recording is claimed

as another use for the 2120 and this is -

simplified by the provision of a flexible
shaft for connection to a B & K level
recorder so that the frequency sweep can
be driven continuously. In this manner
amplitude/frequency spectrograms can be
obtained on preprinted frequency cali-
brated charts. The 2120 can also be used’
for distortion measurements down to 0.1%
with the filters switched to the bandstop
mode.

In spite of its sophistication, the 2120 is
claimed to be practically foolproof to
operate. The calibration procedure is simple
and is aided by the provision of a built-in

"1kHz reference oscillator. Once calibrated

the instrument is extremely stable over very
long periods. Seven calibrated interchange-
able meter scales are provided with each
instrument and these cover almost every
possible application. B & K Laboratories
Ltd, Cross Lances Road, Hounslow,
Middlesex.

WW 321 for further details.

Precision graticules

Chequers Engraving specializes in the
production of high-quality, close-tolerance
graticules for oscilloscope and instrument
applications. The products feature fine-line
techniques (for filled or unfilled use) down
to 0.005in line width, and cumulative
tolerances over 6in are maintained to
within 0.002in. Graticules and separate or
associated filters are manufactured from
Oroglass, which has been found to be the
only proprietary brand capable of
sustaining the required high standards of
surface finish. Chequers Engraving Ltd,
10 Christina Street, London EC2.

WW 311 for further details

Electrical/electronic aerosols

New from -PBRA is a range of aerosols
with applications in the electrical /electron-
ics industries. The aerosols — part of
PBRA’s Crown range — include switch
and contact cleaners; an anti-static spray;
a magnetic tape head cleaner; insulating

varnishes and an inner electric motor
cleaner. Also in the range is an aerosol
called Electrical 88, which deposits a
hydrophobic film — displacing and
repelling moisture. The film will not
emulsify or harder, will not flake and is
non-staining.  Effective from —10°C
to +204°C, Electrical 88 conforms to
MIL-C-81309(WP). PBRA Ltd, 33
Holmethorpe Avenue, Redhill, Surrey.
WW 302 for further details

Locking dial

R. C. Knight have introduced a new
design of single turn locking dial in-
corporating the “Digitool” collet mounting
system which ensures a positive lock to
component shaft without the use of a grub
screw.. Designated - type 25B this dial
has an o.d. of lin and can be used on

several spindle sizes up to a maximum of
+” dia. Standard colours are silver satin and
black and other colours are available on
request. Prices range from 90p each and
deliveries in the majority of cases can be
made from stock. R. C. Knight Ltd, 20
Solent - Avenue, Lymington, Hampshire
S04 9SD.

WW 320 for further information.

Audio tape

In response to changing recording tech-
niques EMI Tape Ltd have added a matt-
backed tape with a dynamic range of
76.5dB to their range of professional
recording tapes. Known as Emitape 817 it
can be used on sideless tape hubs or single
sided spools. A polyester base with a matt

"~ back makes high-speed spooling and

uniform wind possible even when using
hubs or single-sided spools. Amplitude
modulation noise level does not exceed

" 38.5dB during operation at both 38.1cm/s

(15in/s) and 19.05cm/s (7.5in/s) recording
speeds.

The tape is available in four standard
widths 6.25mm (4in), 12.70mm (4in),
25.4mm (1lin) and 50.8mm (2in), for all
mono and stereo recording requirements
at 38.lem/s (15in/s) and 19.05cm/s
(7.5in/s). It is supplied in lengths up to
1000m, and has an ultimate tensile strength
of 210N/mm?® (4.2kg/tin width) with a
yield strength (F3) of 110N/mm? (2.3kg/tin
width). The nominal overall thickness of
the new tape is 56um (with a nominal
magnetic coating thickness of 18um).
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At 38.1cmy/s (15in/s) the tape’s dynamic
range is 76.5dB, for full track width, and
72.5dB for a stereo track. Signal-to-print,
level at both recording speeds is 56.5. EMI
Tape Ltd, Blyth Road, Hayes, Middlesex.
WW 312 for further details

Digital electrometer

Keithley Instruments has just introduced
a new digital electrometer, the model 616.
It features voltage sensitivity from 10V
per digit to 200V with an input resistance
of greater than 2 X 10'“Q. The instrument
can be ranged either automatically, manual-
ly, or remotely (with an optionally available
digital output/control).

Current sensitivity of the model 616 is
1071°A per digit to 100mA. In addition to
current and voltage it is also capable of
measuring resistance (up to 2 X 10'Q),
and it will also integrate current (measure
charge) from 107!° coulomb per digit to
107% coulomb. The 6162 outputs are fully
isolated and provide complete data, timing
outputs, and strobe lines. The open collec-
tor b.c.d. outputs are fully compatible
with most t.t.]. and d.t.l. circuits presently
used on printers and computers. Keithley
Instruments Ltd, 1 Bolton Road,
Reading, Berks RG2 ONL.

WW 304 for further details

Unwrapping tool

As part of the O.K. Machine and Tool
Corporation range of wire wrapping
equipment, Yero Electronics are now able
to offer deliveries from stock of a speed
unwrap tool. The SU2026 unwrapping bit
with the G100/R3394 speed unwrap tool
has been designed to remove conventional
right hand solderless wire wrap con-
nections from 20 to 26 gauge wire without
damage to the terminal post. By using the
SU2832 bit 28 to 32 gauge wire is
removed. The tool is specially useful where
a large number of connections require re-
moval in the minimum time. Vero
Electronics  Ltd, Industrial Estate,
Chandler’s Ford, Eastleigh, Hampshire.
WW 305 for further details

Trimming capacitors

Jackson Brothers (London) announce a
a new range of miniature trimming
capacitors, which have a thickness of only
2.8mm. The base of the trimmer is a glass
fibre board 10.5 X 8mm. Terminations can
be made direct to the.board, alternatively
pins are supplied so that the user may
mount the device on to printed circuit
boards, the mounting centres are 5.lmm
(0.2m). The nominal capacitance ranges
offered are from 2.5 to 10pF, 3.5 to 14pF,
6 to 25pF and 8 to 40pF. Operating tem-
perature is from —20°C to 4 70°C and
the devices have a breakdown voltage of
1.5kV at maximum capacitance. Jackson
Brothers (London) Ltd, Kingsway,
Waddon, Croydon, Surrey CR9 4DG.
WW 306 for further details
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Seen at the

London Components Show

Character generator

Motorola have introduced the MCM6571L,
claimed to be one of the most comprehensive
read-only memory character generators in
a standard range, and using Motorola’s
n-channel metal gate m.o.s. process to ensure
direct c.m.o.s. and t.tl. compatibility and
high operating speed.

The MCM6571L contains 128 charac-
ters, each character being formed by a
matrix of seven horizontal and nine verti-
cal dots. Each character is addressed by
seven input lines in a modified
USASCII code. Once a character has
been addressed, the individual rows of
seven bits appear on seven output pins
under control of a four-bit row
select input. Address access and row
select times are typically 350ns (500ns
max).

In addition to the 8192 bits of memory
used to store symbols and characters, the
MCM6571L incorporates a 128-bit matrix
which controls character position auto-
matically. - Certain ‘characters normally
extend below the base line (§, y, p and q
for example) and the 128-bit matrix causes
these characters to appear in their correct
positions relative to the other characters.
Each 7 X 9 character is in fact stored in
one of two positions in a 7 X 16 matrix
(the lower position allowing portions of
characters to appear below the base line).
The 128-bit matrix automatically informs
the addressing circuitry if the character is
in the upper or lower position, thereby
replacing a substantial amount of external
circuitry. Housed in a 24-lead package,
the MCM6571L has a typical input capaci-
tance of 4pF and dissipates 600mW.
Motorola Semiconductors Ltd, York
House, Empire Way, Wembley, Middlesex.
WW353 for further details

Cathode ray tubes

New tubes from Brimar include: a 7cm
diagonal rectangular instrument tube, the
D7-201 (see photograph) which is an im-
proved version of the D7-200. The improve-
ments include modified glassware and
higher y-plate sensitivity. The suitability
of this tube for low power transistorized
equipment has been improved by the
introduction of a low wattage heater (6.3V,
0.12A).

The requirement to present high den-
sities of information on large area displays
and the need to minimize the overall

length of data terminals have led to the
development of the M38-140. This rectang-
ular tube of 38cm diagonal uses 110°
deflection and has a neck diameter of
28mm.

The D10-230 is a 10cm round, single
accelerator tube intended for low-cost
oscilloscopes and waveform monitoring
applications. Features include a flat face,
small neck diameter and overall length,
80 X 64mm useful screen area and alow
deflection voltage requirement. Thorn
Radio Valves & Tubes Ltd, Mollison
Avenue, Brimsdown, Enfield, Middlesex
EN3 7NS.

WW357 D7-201
WW358 M38-140
WW359 D10-230

Audio connectors

F. W. O. Bauch, as sole U.K. distributor,
displayed selections from the Switchcraft
Q-G range of audio connectors, featuring
a streamlined design, rugged construction
and simple snap-in positive connection.
They are fully compatible with other
leading makes, permitting ready

changeover and /or extension.
Included in the range is a connector
adaptor with a male insert at one end and
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a female insert at the other. With 3, 4, or 5
contacts, this connector is particularly
designed for use in situations requiring a
transformer, attenuator circuit or other
electronic circuitry in line with a
microphone input.

Also available is the series of cord plugs
for direct. connection with microphones.
The slide switch, in-built into the
connector shell, permits finger-tip
switching control of microphones and
in-line audio and control circuits. The cord
plug incorporates a shielding feature which
protects the mated shell, thereby making
all contacts available for control of audio
circuits. F. W. O. Bauch, Ltd, 49
Theobald Street, Borcham Wood, Herts
WD6 4RZ.

WW368 for further details

Varicap TV tuner

New from AB Electronic Components is
a thick film v.c.d. tuner for television
receivers. The tuner is claimed to be the
first in Europe using thick film techniques,
and possibly the first in the world. It is of
small size, 65 X 34 X 17mm, and offers a
British second source supply for Continen-
tal products. Complete compatibility with
these other products is given by special
adaptor printed circuit boards which, if
necessary, ensure correct supply voltages
and pin connections. AB Electronic
Components Ltd, Abercynon, Glamorgan.
WW364 for further details

Transmitter transistor

Among new transistors developed by
Mullard for use in transmitters is the
BLX95. This is an n-p-n, silicon, planar,
epitaxial device that can be used under
class A, B or C conditions with a supply
voltage of 28V. It has a capstan envelope
with its leads isolated from the mounting
stud. In an un-neutralized, common-
emitter, class B circuit, a typical perform-
ance for the BLX95 under c.w. input
conditions would be:

Ve — 28V
fr — 470MHz
Py — 40W
Ic — 24A

Efficiency — 60%

Mullard Ltd, Mullard House, Torrington
Place, London WC1E 7HD.

WW 361 for further details

25MHz dual trace scope .

A new addition to the Scopex range of
oscilloscopes is a solid-state dual trace
version, the 4D-25 at £175 with 3%
measuring accuracy on both vertical and
horizontal deflection systems. Bandwidth
is d.c. to 25MHz, but more significantly,
25MHz measured at full screen can be dis-
played over the total screen area. Signal
delay is operative on both vertical
channels and permits the leading edge of
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a displayed waveform to be investigated.
The timebase has 19 ranges from 200ns/cm
to 200ms/cm plus a X5 magnifier to
increase the fastest range to 40ns/cm.
Trigger level and polarity are both selected
on one control and in the absence of a
trigger signal the 4D-25 goes to bright
line auto. A tunnel diode stage is used for
reliable stable triggering over the full range
of sweep speeds. The dimensions of the
4D-25 are 15.3cm (height) X 31.2cm
(width) X 43.5cm (depth). Scopex Instru-
ments Ltd, Pixmore Industrial Estate,
Pixmore Avenue, Letchworth, Herts SG6
RN

WW360 for further details

Long scale meters

The range of meters by British Physical
Laboratories included moving-coil panel
versions, hermetically sealed meters,
long-scale meters, and switchboard
meters, also including three new Europa
types — the E31G panel meter, available
both for panel and sub-panel mounting,
with 95° arc movement in a small barrel
attractive rectangular case assembly. The
E72F (in photo) and E96F square Ful-
scale meters, with 250° arc movement,

are in standard DIN-size cases. Other new
products included non-linear (logarithmic)
moving-coil movements, a large dual
movement 270° arc switchboard meter
being designed for use on the Advanced
Passenger Train, Fulscale meters with
illumination designed for the boating
instrumentation -market, and two sizes of
flat stackable edgewise meters. British
Physical Laboratories, Radlett, Herts
WD7 7THI.

WW367 for further details

Edge connectors

A new edge connector by Carr Fastener is
available with up to 90 contacts, single or
double sided, on a 0.1lin, 2.54mm pitch.
The one piece single cantilever contact is a
new Cinch design with a narrow face
width ensuring low insertion force
characteristics over the full printed circuit
board thickness range of 0.054in to
0.072in. A firm even pressure is claimed to
provide optimum conductivity while

ensuring minimum wear on the foil and a
rigid wiring terminal of 0.63mm square
section allows for mini-wrap or solder
wiring.

A feature offered is the ease with which
contacts can be removed and replaced.
Removal can be done without disturbing
wiring, even when connectors are mounted
closely side-by-side.

The polyester moulding -i$. designed to
resist all known solvents and has suitable
temperature properties to permit solder
wiring. Moulded brackets are ultrasonic-
ally welded to the body to give the
advantages of integral moulded fixings.
Working voltage is 600V d.c. or a.c. and
current rating is 5A d.c. and a.c. Contact
identification and polarization keys are
optional. Carr Fastener Company Ltd,
Nottingham Road, Stapleford, Notting-
ham NG9 8AJ.

WW363 for further details

Microwave p-i-n diodes

Intended for 50-ohm broadband stripline
circuits, new microwave diodes by AEI
Semiconductors, types DC2418A and
DC2419A offer a choice of bias polarity
and both switch in 50ns. Capable of
handling 30 watts c.w., they have an
isolation of 25dB at 10GHz and are
useful to 20GHz with an insertion loss
of 0.5dB. Although having a higher
insertion loss, 1dB, and a lower isolation,
20dB, the DC2412A switches in 5ns while
handling 12 watts c.w. AEI Semiconductors
Ltd, Carholme Road, Lincoln LN1 1SG.
WW 352 for further details

Large-screen oscilloscopes

Lan-Electronics have announced the
availability of two new large-screen oscil-
loscopes, intended for demonstration,
education, medical investigation and any
other applications requiring large, low-
frequency display. The display units them-
selves are either 20inch or Ilinch 110°
tubes, with either green long-persistence or
white short-persistence traces, and are
designed to work in conjunction with local
or remote control preamplifiers, which
offer four channel operation. Additionally,
the display units can be used as self-con-
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tained instruments and flexibility is
enhanced by the t.tl-compatibility of
their interfaces. Bandwidth in the y direc-
tion is 0-45kHz at —3dB at a sensitivity
of 67.5mV/cm. The x amplifier covers
0-15kHz (—3dB) at 50mV/cm and z
modulation is directly coupled to 4.5MHz,
requiring 4.5V for full modulation. The
Model A control unit, the first of a series,
offers a four-channel y preamplifier and
triggered timebase providing a maximum
sweep speed of 20us/cm. An unusual
feature of the y channel switching circuitry
is that all channels may be displayed in
turn by the use of a “mechanical trigger”
input. Lan-Electronics Ltd, 95 Farnham
Road, Slough, SL2 3AF, Bucks.

WW351 for further details

Digital tester

The Wayne Kerr “Swift” tester for digital
p.c.bs compares the performance of two
boards — one -of which is known —and
checks for any non-parity of outputs for
all combinations of up to 27 inputs. It
accepts double or single-sided boards with

up to 64 ways on the edge connector.
Programming is by patch-panel for
experimental testing or short production
runs. A pre-wired matrix plug is used for
longer test runs. Wayne Kerr Co Ltd,
Durban Road, Bognor Regis, Sussex
PO22 9RL.

WW 356 for further details

Wind vane potentiometer

One of the features displayed by May
Precision Components was a wind
direction indication system for marine and
similar applications. The Deswynn
System, which is one of the commercial
designs available for yachting and in-shore
shipping, is a d.c. system in which a
mast-mounted wind vane provides direct
drive to a lightweight potentiometer. As
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the vane reacts to each change of direc-
tion, so the potentiometer reflects this on
a cockpit console. The potentiometer
MR 101 was designed specifically for this
application, and features low-torque,
low-weight factor, high linearity and is
environmentally sealed. May Precision
Components Ltd, Bowlers Croft, Hony-
wood Road, Basildon, Essex.

WW 366 for further details‘

Counter frequency divider

AMF Venner have produced a 500MHz
non-displaying frequency divider for use
with their own “77” range of counters and
other types capable of measuring
frequencies of SMHz and over. The input
to the unit is divided in frequency by
factors of 100 and 10, the two outputs
being provided simultaneously at two
front-panel sockets. Signals of 10mV
r.m.s. into 50 ohms are acceptable, and an
indication is given when the input is
greater than 20mV. The output to the
counter is a 500mV p.p. square wave
when terminated by a normal counter
input circuit. A built-in mains power
supply is provided. AMF Venner Ltd,
Kingston by-pass, New Malden, Surrey.

WW 355 for further details

High stability signal
generator

A synchronized signal generator, the
Marconi TF2006/1, provides locking over
the frequency range 10 to S00MHz in
100Hz steps with all possibilities of false
locking removed. Seven front panel
switches are used to set up the required
frequency and a separate two-position
switch is set to the “tune” position. The
frequency is then adjusted so that two
front-panel lamps are both flashing and
with the switch then set to the “lock”
position the generator is automatically
locked to the required frequency with no
possibility of ambiguity. With digital
synchronizer incorporated, TF2006 /1
renders unnecessary the use of an external
counter with associated leakage problems
at low output levels. Marconi Instruments
Ltd, Longacres, St. Albans, Herts AL4
O0JN.

WW 362 for further details

Colour TVtube

An unusual colour television cathode-ray
tube shown by Thorn Colour Tubes Ltd
has the deflection, convergence and purity
components supplied integral with the tube
and already set up — the idea being to
eliminate the convergence and purity
setting-up operations that are normally
necessary during receiver manufacture,
subsequent tube replacement or receiver
servicing. Two other features which

distinguish it from the conventional

. shadow-mask tube are a vertically striped

three-colour phosphor screen and
corresponding slotted shadow-mask, and a
horizontal in-line electron gun. Known as
the Precision In-line Colour TV Tube
assembly, the device appears to be similar
to an RCA tube described in our October
1972 issue (p.466). It has a Slcm
(diagonal) screen, a 90° deflection angle
and a 29mm neck diameter, the overall
length of the tube being 417mm.
Designated A51-160X, the colour tube
will be available in the Autumn of 1974.
Thorn Colour Tubes Ltd, Mollison
Avenue, Brimsdown, Enfield, Middx.

WW 365 for further details

»

Digital voltmeter

A new digital voltmeter, the Advance
DVM44, is a small multi-range integrating
d.c. digital instrument incorporating a
34-digit display with automatic polarity
indication. Analogue to digital conversion
is achieved using a dual-slope integration
system. Five ranges extend from O (to
199.9mV, 1999V, 19.99V, 199.9V) to
1000V, and power input requirements are

. 100-125V or 200-250V at 45-65Hz.

Advance Electronics Ltd, Raynham Road,
Bishop’s Stortford, Herts.

WW 350 for further details

I.C. logic checker

A new ic. logic checker by Jermyn
Manufacturing gives immediate display of
the logic state of each pin in a d.t.l. or t.t.1
dual-in-line integrated circuit. It replaces
laborious alternative methods of testing,
for example with a single probe and
cathode ray tube. The checker — 27 inches
long and weighing just 13 oz — is clipped
over a 5V i.c. (up to 16 pins) and monitors
and displays the logic state of each

" terminal on an array of 16 light emitting

diodes. A lamp on means logic state 1 or
open circuit on that pin, a lamp off means
logic state 0 (or ground), and unused
terminals and the 5V supply pins also
show logic state 1. The checker takes its
power — only 200mA with all lamps on —
from the two pins on the i.c. carrying the
5V supply, and gives an identical reading
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whichever way round it is clipped. It is
suitable for most t.tl. and d.t.l. devices
and is supplied with 24 masks to help
check the most common logic
configuration. An i.c. insertion tool is
included in the kit. Jermyn Manufacturing,
Vestry Estate, Sevenoaks, Kent. :

WW 354 for further details

Precision resistors in
TO-5 cans

Originally developed for military use, Alma
type SN precision wirewound resistors
will be in production later this year. The
resistors feature bobbinless construction,
all-welded terminations, are housed in
TO-5 cans and meet nearly all military
specifications. Values, in the range ten ohms
to two megohms, can be set to 0.019% with
a long-term stability of 50 parts per million
(0.005%) per year, reducing to 20 parts
per million after the first year. Rated for
Lwatt dissipation at 70°C, temperature
coefficient is nominally 10 parts per million,
with 2 and 5 parts to special order. Alma
Components Ltd, Park Road, Diss, Norfolk
1P22 3AY.

WW 372 for further details

Yagi array for 1500MHz

Thought to be the cheapest 1500MHz
aerial available for point-to-point links, the
J Beam 7127 is unusual in adopting a Yagi
construction. Conventional horn or dish
acrials normally require mounting on
towers because of wind loading, but using
a Yagi array means the aerial can be pole
mounted (this model having a wind load-
ing of about 40 Ib). Over the band 1450 to
1535MHz (used in the main service
industries for point-to-point - communi-
cation) the aerial, using the J Beam slot-fed
radiator with 18 parasitic elements, shows
a gain of 16dB with less then 0.5dB
variation- and with a v.s.w.r. of between
1.2 and 1.3. Front-to-back ratio is 26dB
and half-power angle is 26° in the E-plane.
It measures five feet in length and the 5-in
dia. glass fibre “radome” gives protection
against icing. Cost is around £100. J Beam
Engineering Ltd, Rothersthorpe Crescent,
Northampton.

WW 369 for further details

Accurate sine/cosine

potentiometers

Using a conductive plastics material, Penny
& Giles achieve a very accurate sine/
cosine law in their latest potentiometers.
Designed primarily for providing range
circles in radar displays, they conform to a
sinusoidal law to within 0.1% pk-pk. They
are available in six values from 1 to 10k£2 at
+ 10% tolerance. Other conformity values
of 0.5 and 1% are also available. Penny &
Giles Conductive Plastics Ltd, Blackwood,
Mon.

WW 370 for further details
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Save
millimetres
AND money
with this new

BrimarTube

If you're pianning an oscilloscope — or any
instrument for waveform monitoring — Brimar has
good news for you. The Brimar D10-230
mono-accelerator tube is a real winner where low
costand small size are important considerations.

Shortin length, small around the neck, it can
save you a whole lot of space . . . give you far
greater freedom in your designing. The flat4”
diameter face offers minimum total scans of 80mm
and 64mm, in Xand Y directions respectively. And
its voltage requirements are within the capability of
normal, low-cost, transistorised circuits.

This tube with its Standard B14G Colour tube
base also allows economies to be made in Socket
costs and, being round, requires no twist coil.

* Maximum overall length: 260mm
* Maximum neck diameter: 38mm
* Firstanode voltage: Val, 1500V
* Secondanodevoltageforfocus: Va2,230to 380V
* Grid voltage for spot cut-off (approx.):
Vg —30to —65V
* X plate deflection coefficient: Dx, 21 to 26V/cm
* Y plate deflection coefficient: Dy, 13 to 16V/cm
* The standard phosphor is GH
(green, medium persistence).

Ask for full data, or for a
sales engineer to call -

CRT reliability

BRIMAR

Thorn Radio Valves and
Tubes Limited,

Mollison Avenue, Brimsdown, Enfield,
Middlesex EN3 7NS.
Telephone: 01-804 1201

THORN
WW-—084 FOR FURTHER DETAILS
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The Mordaunt-Short range of quality loudspeaker systems (£29.15 - £90.75, inc. V.A.T.)

Amid the wealth of accomplishment of audio technology world-wide,
the design of quality loudsy systems r i iquely a sphere of British eminence.
Whether yon be primarily music-lover, high-fidelity enthusiast or home-maker,
these superlative products have a great deal to offer you.

Mordaunt-Short Ltd

The Courtyard Heath Road Petersfield Hampshire GU314DX
Tel: Petersfield (S.T.D. 0730) 47612

Designers and Manufacturers of Quality Loudspeaker Systems

To receive immediately full information and the name and address of the e
stockists nearest 10 you, please complete this coupon and return it to us direct.

Name

Address

WW—085 FOR FURTHER DETAILS
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Sinclair Project 60
Now—the Z.50 Mk.2

with built-in automatic

transient overload protection

When originally introduced. the Sinclair Z.50 proved how it was possible to
design and produce a popularly priced modular power amplifier having
characteristics to challenge the world’s costliest amplifiers. Many thousands of
7.50°s are now giving excellent service day in, day out. But we have also learned
that constructors do not always use their Z.50’s ideally. That is why we have
introduced modifications whereby risk of damage through mis-use is greatly
reduced and performance further enhanced..The Z.50 Mk.2 has improved
thermal stability, more accurately regulated D.C. limiting to ensure more
symetrical output voltage swing and clipping and still less distortion at lower
power. Z.50 Mk.2 is compatible with all other Project 60 modules, and may be
incorporated to advantage in existing systems. Eleven silicon epitaxial planar
transistors are now used, two more than in the original Z.50; circuitry has been
re-designed, making this versatile high performance amplifier better than ever.

.

Brilliant new
230 the power technical specifications

amplifier for quality and
economy

Input impedance 100 Ko

Input (for 30w into 8Q) 400mV

Signal to noise ratio, referred to full o/p at
30v HT 80dB or better

Distortion 0.02% up to 20W at 8Q. See curve
Frequency response 10Hz to more than

_ ;Vgeh 200 KHz4-1dB
(g
manual Max. supply voltage 45v (44 to 8Q speakers)

(50v 15Q speakers only)

Min. supply voltage 9v

Load impedance — minimum : 4Q at 45v HT
Load impedance — maximum : safe on open
circuit

£4.48

The Z.30 provides excellent facilities for
the constructor requiring a high fidelity
audio system of less power than that
available from Z.50’s. Using a power
supply of 35 volts, Z.30 will deliver 15

Typical Project 60
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with free
manual

£5.48
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WATTS INTO 8Q AT 45V HT
AND AT 1KHz

applications

watts RMS into 8 ohms, or 20 watts RMS
into 3 ohms using 30 volts. Total harmonic System The Unitstouse together with Units cost
distortion is a fantastically low 0.02% at 15 -
watts into 8 ohms with signal to noise Simple battery 2.30 Crystal P.U., 12V battery £4.48
ratio better than 70 dB unweighted. Input record player volume control, etc.
sensitivity 250mV ”lto 1100K1 ohms. Stze Mains powered record 2.30,PZ.5 CrystalorceramicP.U. £9.45
80 x 57 x 13 mm (33 x 2% x %) 2.30, Z.50 player _ volume control, etc
and Z.50 MK.2 modules are compatible e
and interchangeable. 12W. RMS continuous 2x2.30s, Stereo  Crystal, ceramicormag. £23.90
sine wave stereo amp.for  60; PZ.5 P.U., F.M. Tuner, etc.
average needs
Guarantee 25W. RMS continuous 2xZ.30s, Stereo  High quality ceramicor  '£26.90
If, within 3 months of purchasing any product direct from sine wave stereo amp. 60;PZ.6 magnetic P.U., F.M.
Sinclair Radionics Ltd., you are dissatisfied with it, your using low efficiency (high . Tuner, Tape Deck, etc.
money will be refunded at once. Many Sinclair appointed
Stockists an offerlfhis same guarantee in co-operation with performance) speakers
Sinclair Radionics Ltd.
Each Project 60 module is tested before leaving our factory 80W. (3 ohms) RMS 2xZ.50s, Stereo  Asabove £34.88
and is guaranteed to work perfectly. Should any defect arise continuous sine wave de 60; PZ.8, mains
in nosmal use, we wilt service it at once and without any luxe stereo ampliﬁer. (GOW. transformer
charge to you, if it is returned within two years from the date RMS into 8 oh
of purchase. Out;.side this period of guarantee a small charge ntooo ms)
{typically £1.00) will be made. No charge is made for N A .
postage by surface mail. Air Mail is charged at cost. Indoor P.A. 2.50, PZ.8, mains Mic., guitar, speakers, £19.43
transformer etc., controls .
Ein:lsir F.M. Stereo Tuner (£25) & A.F.U. (£5.98) may be added asrequired.
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the world’s most advanced high fidelity modules

Stereo 60 Pre-amp/control unit

Designed specifically for use on Project 60 systems, the Stereo 60 is equally suitable for use with any
high quality power amplifier. Since silicon epitaxial planar transistors are used throughout, a really
high signal-to-noise ratio and excellent tracking between channels is achieved. Input selection is by
means of press buttons, with accurate equalisation on all input channels. The Stereo 60 is particularly
easy to mount.

SPECIFICATIONS—Input sensitivities: Radio — up to 3mV. Mag. p.u. 3mV: correct to R.LA.A. curve
+1dB:20 to 25,000 Hz. Ceramic p.u. — up to 3mV: Aux = up to 3mV. Output: 250mV. Signal to noise ratio:
better than 70dB. Channel matching: within 1dB. Tone controls: TREBLE+12 to —12dB at 10KHz: BASS
+12t0—12dB at 100Hz. Front panel: brushed aluminium with black knobs and controls. Size: 66 x 40 x 207mm.

£9.98

Built, tested and guaranteed.

Project 60 Stereo F.M. Tuner

The phase lock loop principle was used for receiving signals from space craft because of its vastly
improved signal to noise ratio. Now, Sinclair have applied the principle to an F.M. tuner with fan-
tastically good results. Other advanced features include varicap diode tuning, printed circuit coils, an
I.C. in the specially designed stero decoder and switchable squelch circuit for silent tuning between
stations. In terms of a high fidelity this tuner has a lower level of distortion than any other tuner we
know. Stereo broadcasts are received automatically, a panel indicator lighting up as the stereo signal
is tuned in. This tuner can also be used to advantage with most other high fidelity systems.
SPECIFICATIONS—Number of transistors: 16 plus 20 in |.C. Tuning range: 87.5 to 108 MHz. Sensitivity:
71V for lock-in over full deviation. Squelch level: Typically 20uV. Signal to noise ratio: >65dB. Audio
frequency response: 10Hz — 15KHz (+1dB). Total harmonic distortion: 0.15% for 30% modulation.
Stereo decoder operating level: 2uV. Cross tatk: 40dB. Output voltage: 2 x 150mV R.M.S. maximum
Operating voltage: 25-30VDC. Indicators: Stereo on ; tuning. Size: 93 x 40 x 207mm.

£25

Built and tested. Post free.

Integrated circuit
high fidelity amplifier

* Super IC.12

sistor circuit ‘contained within a 16 lead DIL
package, and the finned heat sink is sufficient for
all requirements. The Super 1C.12 is compatible
with Project 60 modules which would be used
with the Z.60 and Z.30 amplifiers. Complete with
free manual and printed circuit board.

SPECIFICATIONS

Output power: 6 watts RMS continuous (12
watts peak). 6-8Q. Frequency Response: 5Hz
to 100KHz + 1dB. Total Harmonic Distortion;
Less than 1%. (Typical 0-1%) at all output
powers and frequencies in the audio band (28V).
Load Impedance: 3 to 15 ohms. Input Im-

Power Supply Units
The new /4
PZ.8 Mk.3 -

The .most reliable power supply unit ever made
available to constructors. Brilliant circuitry makes
failure from over load and even direct shorting of
the output impossible. This is due to an ingenious
re-entrant current limiting principle which, as far
as we know has never before been available in
any comparable unit outside the ‘most expensive
laboratory equipment. Ripple and residual noise
have been reduced to the point of almost total
elimination. This is, of course, the perfect unit for
Project 60 assemblies, particularly where the new
Z.50 MK.2 amplifiers are used. Nominal working
. voltage — 45.

PZ.8 Mk.3—£7.98
(Mains transformer, if required) £5.98
PZ.5 30v. unstabilised
(not suitable for Profect 60 tuner) £4.98
PZ.6 35v. stabilised
(notsuitable forIC. 12) £7.98

Project 605

the easy way to
buy and build
Project 60
without
soldering

Project 605 in one pack contains: one PZ.5, two
Z.30's, one Stereo 60 and one Masterlink, which
has input sockets and output components
grouped on a single module and all necessary
leads cut to length and fitted with clips to plug
straight on to the modules thus eliminating all

soldering.
£29.95

Complete with comprehensive
manual, post free

All you need for a superb 30 watt
high fidelity stereo amplifier

Having introduced Integrated Circuits to hi-fi
constructors with the 1C.10, the first time an IC
had ever been made available for such purposes.
we have followed it with an even more efficient
version, the Super IC.12, a most exciting advance
over our original unit. This needs very few ex-
ternal resistors and capacitors to ‘make ‘an
astonishingly good high fidelity amplifier for use
with pick-up. F.M. radio or small P.A. set up. etc.
The free 40 page manual supplied. details many
other applications which this remarkable IC.
make possible. lrt is the equivalent of a 22 tran-

|

pedance: 250 Kohms nominal. Power Gain:
90dB (1,000,000,000 times) after feedback.
Supply Voltage: 6 to 28V. Quiescent cur-
rent: 8mA at 28V. Size: 22x45x28mm in-
cluding pins and heat sink..

Manual available separately 15p post free,

With FREE printed circuit
board and 40 page manual.

) £2.98 Post free

WW-—087 FOR FURTHER DETAILS

Order form
Please send

I'enclose cash/cheque/money order.

Name

Address

Ww7

SINCLAIR RADIONICS LTD., LONDON ROAD,
ST. IVES, HUNTINGDONSHIRE, PE17 4HJ

Business Reg. No. (England) 699483 Registered Office as above

sinc—i=ir-
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CBS SQ* FOUR CHANNEL DECODERS

A complete kit for the home constructor that can be built in under an hour with just a soldering iron and a pair of cutters. Just pop the components
into the positions clearly marked on the fibre glass board, crop and solder.

You then have the identical decoder board we put in our latest QUADRASONICS Hi Fi equipment and the application approved by CBS as described
in Wireless World, March 1973.

£8.00 post free, including licence fee to CBS + 80p V.A.T.

If you doubt this, buy our complete and tested production board which is guaranteed for a year.
£| |.00 post free, including licence fee to CBS + £1-10 V.A.T.

DESPATCH GUARANTEED WITHIN 72 HOURS, complete with lucid instructions.

PHASE LOCKED LOOP STEREO DECODER

(as in Wireless World, July 1972)

Another complete kit that takes about 30 minutés to build. No alignment problems and coils to adjust. Just four simple steps'to obtain perfect stereo
from your mono tuner. )

(1) Connect decorder to your tuner, possibly disconnecting one or two de-emphasis components.

(2) ‘Provide 10 to 16 volts D.C. either from your tuner or a separate power supply.

(3) Tune to a sterec broadcast. . .
(4) Turn a “preset” resistor until the stereo beacon lights up. You then have stereo radio.

Comprehensive instructions provided, but if you are in doubt, just ask us!
3.40 post free + 34p V.A.T. (Beacon 34p + 4p V.AT)
Still Worried? Then buy one of our assembled and tested production boards complete with stereo beacon and guaranteed for a year.
4.40 post free -+ 44p V.A.T. Why pay more? .

Why not call on us for a demonstration of quadraphonic and stereo hi-fi. The demonstration lounge in our new factory will be open on MAY Ist,

oo e e et e S e S S —

: | Please send me: [ Kits O Buiit and tested
SONAX ELECTRONICS 5 casso dscoder
' m} Phase locked loop decoder
SPENCER HOUSE, | enclose cheque/postal order for £..........coiiiiiiiiiiiiiie, ..

BRETTENHAM ROAD, EDMONTON,
LONDON, N.I8.

Tel.: 01-807 5544 01-807 5999

INAIME o et vvenersoarertransroaanesssvessssensesonassnsnssastvesss

AdAresS . ovesororassonassrosassssstosrsssassasrsssnseserassnense
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MARCONI |OA 1094A/S H.F. SPECTRUM ANALYSER
TF 867 Carrier range: 38 to 30 Mc/s. Sweep width:

SIGNAL up to 30 Kc/s. 60 dB amplitude differences
GENERATOR |measurable. P.O.A.
Range: 15KHz to| THERMOCOUPLES.  Mineral  Insulated
30MHz. OQutputiMetal Sheathed, Conductors: Positive Nickel—
0.4uV to 4V atiChromi Negative Nickel—Alumini Con-
13 or 75 ohms.|ductor Diameter: -011 inch nominal. Toleér- .

Impedance withlance: + 3°C. up to 400°C. - $% between 400°C.
% ELECTRONIC ENGINEERS

terminationiand 1600°C, Length 3it. 2in. (96 cm. approx.).
(SUDDIi?dl)- EUHQ £2-25 post paid. ¢ Pprox.)
in crystal chec
facility with ;JNEHIRON COUNTING ASSEMBLY Mk

3 8| ¥
i AMPLIFIER ASSEMBLY Mk. 112AA for
MARCONI including  carr, Monitoring Equipment Type IN.C.A.

ALPHA COUNTER Mk. INH.

SIGNAL GENERQ_T,.O&JF 801B/3/S. Rangelpmqre Information and Price on request.
TFi221 HETERODYNE UNIT. Frequency L.F. SOLATRON DECADE OSCILLATOR
range: 2 Kc/s-100 Mc/s in seven ranges. P.0.A,[TYPE 08103.2. Frequency range: 0-01 ¢.p.s.—
TF1345/2 COUNTER FREQUENCY METER 11-1 c.p.s. In steps of 0-01 c.p.s. with multipliers
with plug-in units up to 220 Mc/s. P.Q.A. of 10, 100 and 1000 giving a maximum frequency
oAh.mul\Iiz I-I.F‘.1 SLPFECTI}UM ANAL‘YStER of 111 Kefs. Frequency accuracy +1-5%. £80.
with trolley an .F. extension unit typel*WESTON" cl o
TM6448. Frequency range: 3-30 MHz in_ninejtype s.221.3.150easrlzzla1sg)c Qfégfsmﬂ.o-iﬂzgﬁ
%’a“ds'viﬂeﬁf&vﬁﬁ“ 6, %06 13500&1 a‘t (z dB. Spec-postage included.
rum width: 0-3 kHz and 0- z In two ranges.[Als: . M.C. si
Sweep duration: 01, 0-3, 1, 3, 10 and 30 sec. ‘,pe°§21§'3’f’2‘§i,221‘.',5"',',£‘ sp':ﬁ,'so X 60 mm.
and manual control.
TF 144H SIGNAL GENERATOR. Frequency|
range: 10 kHz-72 MHz., Stability: 0-002%.

% WIRING—PROTOTYPE OR
PRODUCTION

High discrimination, plus crystal calibrator,
Good r.f. waveform at all frequencies. Protected
thermocouple level monitor. Price and spec. on
request.

SUPPLY MODEL 5158

7 steps, 0-90mA in 9 steps and 2-13mA var.
A.C. voltage 6-3v at 10A. £52 incl. carr,
L.F. RESOLVED COMPONENT INDICA-
TOR TYPE VP 2532. This instrument will
indicate, by means of two centre-zero 6-in.
scale meters, the resolved components of a
signal voltage with respegt to the applied
4 ¥ s

A.P.T. CONSTANT CURRENT POWER g#Arnfz%ﬂodelptls'ron'{lon TESTER.
L ecks a.f. to a.f. distortion of p.c.m. systems. |’

D.C. voltage: 0-500v (cont. var.) in 4 ranges. :

D.C. current: 0-450mA adjustable 0-350mA in \L}ta‘rlilsgise ?ﬂeb" Rower fupbly. l?utputz Ioxel:

TEKTRONIX OSCILLOSCOPES
TYPES:

§15A, 624AD, 543, 545, 545A, 545B.
Plug-in Units: CA, G, 1A1, 10A1, P.O.A,

B steps, from —50 to dBm,
Accuracy: %02 dB at +2 dBm, 1550
incremental, Quantization distortion: 0 to
#\?e dB in 0]-5 dtB lstepz. Meter indication;

r.m.s. Input impedance: Y
|balanced. pedance: 60002 £10%
AVO MODEL 3 VALVE TESTER
Enables compre-

reference i Fr
nominal range 0-5 cfs to 1 Kcfs. Accuracy of
indication: £3% of full scale on all ranges £70.

ensive charac-
teristics to be
lotted, or meas-

RACAL UNIVERSAL COUNTER(TIMER
SA550 (CT488)
8 digit in-" »

line read-out.
Facilities
include: dir-

ments. Input sensitivity variable from 300MV
to 9V, three ind dent inputs, self-check
ete. Full spec. and price on request. |

ures valves on a
simple good/bad
basis, £§% incl,
carr.

AVO CT 160
VALVE

rect frequency TESTER

measurement As above but in

up to 100MHz; portable valise

puise, period, form as illustra-

ratio, time ted, Price £

interval and incl. carr,

totalising AVO TRANSISTOR ANALYSER CT 448.
measure- £70 incl, carr.

GALVANOMETER by ‘Weston” scale
0-100 M.c. F.S.D. 200 uA, round 2fin. £1-50
post paid.

JOHN CRICHTON

Electronic Equipment

|Ca"iage extra for overseas orders.
Inland V.A.T add 10%;
Please phone 01-540 8534

558, Kingston Road, Raynes Park, London, S.W.20

% LIGHT ASSEMBLY

P.C.B. MANUFACTURE, PROTOTYPE OR
. PRODUCTION

| —ALL PROCESSES AVAILABLE

14 CAMBRIDGE RD., ST. ALBANS, ‘HERTS.
Tel.: St. Albans 62465

WW—089 FOR FURTHER DETAILS
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TELEPRINTER EQUIPMENT LIMITED

Sales . . . Rentals . . . New . . . Refurbished . . . Installation . . .
Maintenance . . . Overhauls . . . Spare Parts . . . Prompt Deliveries

TELEPRINTERS Models 7B, 54, 75, 444
PERFORATORS 7PN, 85/86, PR75, 25

CREED EQUIPMENT 1. or ReaDERS 654, 655, 656, 6S6M, 92, 35, 71, 72, 74
HIGH-SPEED TAPE WINDERS 80-0-80V POWER SUPPLY UNITS, etc.

- TELEPRINTERS 15, 19, 20, 28, 32, 33, 35

TELETYPE CORP. all configurations
EQUIPMENT PERFORATORS 14, 19, 28 LPR, RECEIVE & MONITOR GROUP CABINETS
TAPE TRANSMITTERS 14, 20, 28 LBXD & LXD TRANSMIT GROUPS, etc.
SIEMENS TELEPRINTERS T100 and T-68 in various configurations
EQUIPMENT PERFORATORS T-LOCH 12, T-LOCH 15, A, B, D & F, etc.
OTHER KLEINSCHMIDT, OLIVETTI, LORENZ, COCQUELET, BRITISH, AMERICAN,
EQUIPMENT CONTINENTAL, ARABIC and other layouts, 5-8 track.
'~ SOLID STATE MOTOR CONTROLS, MODEM INTERFACE UNITS, TARRIFF J
SPECIAL _ INTERFACE UNITS, TEST EQUIPMENT, COMPUTER INTERFACE UNITS, DEC.
EQUIPMENT PDP8 and others. SILENCE COVERS AND CABINETS, TELEPRINTER TABLES,

SIGNALLING RECTIFIERS AND ‘CONVERTORS, TAPE HOLDERS.

WW—090 FOR FURTHER DETAILS

COMMUNICATION ACCESSORIES & EQUIPMENT

LIMITED
GP.O. TYPE COMPONENTS FOR PROMPT DELIVERY

JACK PLUGS—201, 310, 316, 309, 404, 420, 609, 610, 1603 — 3201

JACK STRIPS—310 320, 510, 520, 810

JACK SOCKETS—300, 500, 800, B3 and B6 mountings, 19, 84A and 95A

PATCH PANELS & RACKS—made to specifications

LA{\éIPS SWITCHBOARD NO. 2, BALLAST PO 11, LAMP STRIPS, 10-way PO 19 20-way PO 17, Lamp Caps,
Holder No. 12

CORDS (PATCHING & SWITCHBOARD)—made to specifications

TERMINAL BLOCKS (DISTRIBUTION)-—20-way up to 250-way

LOW PASS FILTERS—type 4B and PANELS, TELEGRAPH 71 (15 x 4B)

POLARISED TELEGRAPH RELAYS AND UNISELECTORS—various types and manufactures both P.O. and
miniature

LINE TRANSFORMERS/RETARDATION COILS—type 48A, 48H, 49H, 149H, 3/16, 3/216, 3/48A, 3/43A, 48J, etc.
FUSE & PROTECTOR MOUNTINGS—8064 A/B 4028, H15B, H40 and individual 1/2

COILS—39A, 40A, 40E, etc.

P.O.-TYPE KEYS—1000 and PLUNGER TYPES 228,279, etc.

EQUIPMENT RACKS AND CONSOLES—made to specifications

RELAY ADJUSTING TOOLS, TOOL BAGS FOR MECHANICS, TENSION GAUGES, ARMATURE ADJUSTERS,
SPRING BENDERS ETC. VARIOUS SWITCHBOARD EQUIPMENT.

WW—091 FOR FURTHER DETAILS

MORSE EQUIPMENT LIMITED

The GNT Range of Automatic Morse Equipment is now manufactured in the U.K. and comprises complete equipment
for Morse Training Schools and for Automatic Morse Transmission. Models available include :

KEYBOARD PERFORATORS for offline tape preparation

AUTOMATIC TAPE TRANSMITTERS with speeds up to 250 w.p.m.
MORSEINKERS specially designed for training, producing dots and dashes on tape
HEAVY DUTY MORSE KEYS

UNDULATORS for automatic record and W/T signais up to 300 w.p.m.

CODE CONVERTERS converting from 5-unit tape to Morse and vice versa
MORSE REPERFORATORS operating up to 200 w.p.m. ,

TONE GENERATORS and all Students’ requirements

CREED, MORSE EQUIPMENT, PERFORATORS, REPERFORATORS, TRANS-
MITTERS, PRINTERS, MARCONI UG6 UNDULATORS, BUZZERS, ALDIS

LAM PS, etc.
WW—092 FOR FURTHER DETAILS

77 AKEMAN STREET, TRING HERTS., U.K.

Telephone: Tring 3476/8, STD: 0442-82 Telex 82362, Answerback Batelcom Tring
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BRAND NEW FULLY GUARANTEED DEVICES

FULL RANGE (
ZENER DIODES
VOLTAGE RANGE
2-23V. 400mV (DO
Case) 15p ea. 13W (To
Hat) 20p ea. 1L0W (SO-
Stud) 38p ea. All ful
tested 5% tol. a
marked, State volta
required.
———————atr—

10 amp POTTED
BRIDGE RECTIFIE!
on heat sink.
100PIV. 99p each

—————
NEW LINE
Plastic Encapsnlated
2 Amp, B! ECT
50v :
100v RMS 40ip ,,
400v RMS 503p .,
Size 15 mm x
A
UNIJUNCTION
UT48. Eqvt. 2N264
Eqvt. TIS43. BEN30
30p each, 25.99 27:
100 UP 22p.

CADMIUM CELL

ORP12 471p
ORP60, ORP61 44p ea

GENERAL PURPOS
NPN SILICON SWITC]
ING TRANS, TO-
SIM, TO 2N706/8. BS
27/28/95A. A.I.I usat
devices no open or shc
cireuits. ALBO AVAIX
ABLE in PNP S8im.
2N2906, BCY70. Wh
ordering please sta
preference NPN or I’IE

20 For

For 8
For 14

U

SIL. G.P. DIODES £
300mW 30..0:
40PIV(Min.) 100..1-
Sub-Min, 500. .5
Full Tested 1,000. .9
Ideal for Organ Builde
————————

TRIACS
VBOM2A  6A  10:
TO-1 TO-66 TO-
p &p £p
100 83 55 82
200 55 68 99
400 77 824 12

TACS

D!
FOR USE WIT

TRIACS
BR100 (D32) 403p ea
—————

FREE
One 50p Pak of yo
own choice free wi
orders valued £4 or ov
—————
BRAND NEW TEX.
GERM. TRANSISTO]
Coded and guarante

Pak No. EQY
T1 8 2G3713 OC
T2 8 DI374 ocC
T3 8 D1216  OC8:
T4 8 2G381T OC
T5 8 2G382T OC
T6 8 2G3844B OC
T7 8 2G345B

T8 8 2G378 0oC
T9 8 2G399A 2N13
T10 8 2G417 AF1

All 55p each pak.

———
2N2060 NPN SIL, DU.
TRANS. CODE D16

TEXAS. Our price 2
each,

AC107 022 AD162 0387 BC148 011 BD136 044 BF185 0-33 MPF105 041 2G344  0-20 9N2217 024,  2N3053 019 2N4059 0-11
AC113 022 ADI16l & BC149  0-18 BD137 0-50 BFi88 0-44 0C19  0-39 26345 0-18 9N2218 0-22 2N3054 0-51 9N4060 0-13
AC115 026 AD162 (MP) BC15O  0-20 BD138 055 BF194 018 0C20 © 0-70 26371 018 9N2219 0-22 2N3055 0-55 aN4061 0-13
AC117K 0-22 081 BC151 0-22 BD139 0-61 BF195 0-13 0C22 0-42 2Gi371B 0-13 2N2220 0-24 2N3391 0-16 2N4062 0-13
ACI22 013 ADT140 0 55 BCl532 019 BD140  0-66 BF196 0-16 0023 046 26373 0-19 2N2221 0-22 2N3391A 0-18 2N4284 0-19
AC125 019 AF114 027 BC153  0-31 BD155 0-88 BF197 016 0C24 062 2G374 019 2N2222 0-22 2N3392 0-16 2N4285 0-19
AC126 019 AF115 027 BC154  0-33 BD175 0-66 BF200 0-50 0C25 042 2G377  0-33 9N2368 (19 2N3393 018 9N4286 0-19
AC127 019 AF116 027 BC157 0-20 BD176 0-68 BF222 105 0026 028 2G378  0-18 2N2369 0-16 2N3394 0-16 aN4287 0-19
AC128 019 AF117 027 BC158  0-13 BD177 072 BF257 0-50 0C28 055 2G381 018 2N2369A 0-18 2N3395 0-19 2N4288 0-19
AC132 - 0-18 AF118 0389 BC159 013 BD178 072 BF238 066 0oc29 055 2G382 018 2N2411 0- 9N3402 0-23 9N4989 0-19
AC134 018 AF124 033 BC160  0-50 BD179 077 BF259 094 0C35 046 2G401, 0-33 2N2412 ¢ 2N3403 023 2N4290 0-19
AC137T 018 AFi25 028 BC16L  0-55 BD180 077 BF292 061 0C36 055 26414  0-33 2N2646 0-52 2N8404 0-81 2N4201 0-19
AC14l 018 AF126 081 BC167 0-13 BD185 083 BF263  0-61 0C4l 022 2G417  0-28 2N2711 0-23 2N3405 0-48 aN4292 0-19
ACI141K 019 AF127 081 BCL68  0-18 BD186 072 BF270 0-39 ocae 027 aN388  0-39 ON2712 0-23 9N3414 017 2N4293 0-19
AC142 01 AF139 033 BO169  0-13 BD187 077 BF271  0-33 0C44 017 2N388A 0-61 2N2714 0-28 9N3415 017 2N5172 0-13
AC142K 0-19 AF178 033 BCL70 013 BD188 0-77 BF272  0-38 0C45 014 aN404  0-22 2M2904 0-19 - 2N5457 0-35
AC151 017 AF179 055 BCL71 016 BD189 0-99 BF273 0-3% oc70  0-11 2N404A 0-31 2N2904A 0-23 - 2N5458 0-35 °
AC134  0-22 AF180 055 BC172 018 BD190 0-83 BF274  0-39 oc7l 011 2N524 046 2N2905 0-23 - 2N5459 0-44
AC155 022 AF181 050 BO173 016 BD19% 0-94 BFWL10 0-66 ocr2 016 aNs527  0-54 2N2005A 0-28 - 28301 0-55
AC156 022 AF186  0-50 BCL74 016 BD196 0-94 BFX29 0-30 0c74 016 oN308 046 9N2006 0-17 - 283024 0-48
AC157 027 AF239 041 BC175 024 BD197 0-99 BFX84 0-24 ocrs 017 2N599 050 2N2906A 0-20 - 28302  0-46
AC165 0-22 AL102 072 BC177 0-21 BD198 0-99 BFX85 0-33 ocT6  0-17 2N696 014 2N2907 §-22 - 28303  0-61
AC166 0-22 AL103 072 BOL78 021 BD199 1-05 BFX86 0-24 0077 028 aN697 015 2N29074 0-24 - 28304 077
AC167 022 ASY26 028 BC179  0-21 BD200  1-05 BFXS7 0-27 ocsl 017 aN698  0-27 aN2923 0-16 - 28305 093
AC168  0-27 ASY27 033 BC180 0-27 BD205 0:88 BFX8S 0-24 0C81D  0-17 aN699  0-39 2N2924 0-16 - 28306  0-93
AC169 0-16 ‘ASY28 028 BC181  0-27 BD206 0-88 BFY50 0-22 0cs2 017 2N706  0-09 2N2025 0-18 - 28307 .0-93
AC176  0-22 ASY29 0-28 BC182  0-11 BD207 1-05 BFY5l 022 0C82D  0-17 9N706A 0-10 2N2926(C) - 98391 0-62
AC177  0-27 ASY50 0-28 BCI82L 011 BD208 1-05 BFY52 022 0css 022 oN708 013 . , 25322 048
AC178 031 ASYsl 028 BO183 011 BDY20 110 BFY53 019 0Cc8s 022 oN711  0-33 2N2026(Y) - 283224 0-46
AC179 0-31 ASY52  0-28 BO183L 0-11 BF115  0-27 BPX25 0-94 0oc139  0-22 aN717  0-39 0- - 25323  0-62
AC180  0-19 ASY34 028 BC184  0-18 BF117 0-50 BSX19 017 0C140 0-22 ON718 027 2N2926(0) - 28324 077
ACI80K 0-22 ASYs55 028 BC184L 0-13 BF115 077 BS8X20 017 0C169 028 2N718A 055 - - 28325 @77
AC18L  0-19 ASY56  0-28 BCI86 0-31 BF1l9 077 BSY25 017 0C170 0-28 oN726 031 2N2026(R) - 28326 077
ACI181K 0-22 ASY57 028 BC187 031 BF121 0-50 BSY26 0-17 0C171 028 2N727 -3l ¢-11 - 28327 077
ACI87 024 ASY38 028 BC207 0-12 BF123 0-55 BSY27 017 06200 028 ONT43 022 2N2926(B) : 28701  0-46
ACISTK 0-22 ASZ21 04 BC208  0-12 BF125 0-50 BSY28 017 0C201  0-31 2N744 022 011 - 40361 0-44
AC188  0-24 BC107 0-10 BC209 013 BF127 055 BSY29 017 00202 0-31 aN9l4 018 2N8010 0-77 - 40362 0-50
ACI188K 0-22 BCLO8  0-10 BC212L 0-12 BF152 0-61 BSY38 0-20 0C203 0-28 aN918 - 033 9N3011 016 2N4058 0-13
ACY17 g-gg BC109 o0»%1 BC213L 012 gg%ai oo-gg ]13;3339 020 00204 o-gg 2Ng§g 83;
ACY18 0 BC113 011 BC214L 016 5. - 40 0-31 0C205 0 2N93 -
ACY19 022  BClI4 o017  BC22s 088  BFIS5 097  BSY4l 081 0C309 0-44  aN1131 032 DIODES AND RECTIFIERS
ACY20 022 BC115 017 BC226  0-39 BFi56 0-53 BSY% 014 OCP71  0-48 2N1132 0-24 AA119  0-09 BY133 0-23 0A10  0-89
ACY21 022 BC116 017 BCY30 0-27 BF157 0-61 BSY95A 0-14 ORP12 048 2N1302 0-16 AAI20  0-09 BY164 055 0A47 008
ACY22 018 BC117 017 BCY30 0-27 BF158  0-61 Bul05 220 ORP60  0-44 2N1303 0-16 AA129 0-08 BYX38/30 0A70 008
ACY27 020 BC118  0-11 BCY31 0-29 BF159 0-66 CIIIE 055 ORP61 044 2N1304 0-19 AAY30 0-10 0-46 0A79  0-08
ACY28 021 BC119 = 0-33 BCY32 033 BF160 0-44 C400  0-33 P346A 022 2N1305 0-19 AAZIZ 011 BYZ10 0-39 0AR1  0-08
ACY29 039 BC120 0-88 BCY33 024 BF162 044 C407  0-28 P397.  0-46 2N1306 0-23 BA100 0-11 BYZ11 0-33 0A85 010
ACY30 031 BCI25 013 BOY34 0-28 BF163 0-44 ci24 022 97140 0-48 aN1307 0-23 BAI1l16 0-23 BYZ12 0-33 0430 007
ACY31l 031 BC126 020 BCY70 0-16 BF164¢ 044 C425 065 ST140 - 0-14 2N1308 0-26 BAI126 0-24 BYZ13 0-28 0A9L  0-07
ACY34 023 BC132 013 BCY71 0-20 BF165 044 , C426  0-39 ST141  0-19 2N1309 0-26 BA148 016 BYZ16 044 0A95  0-08
ACY35 023 BC134 0-20 BCY72 016 BF167 0-24 428 022 TIS43  0-33 oN1613 0-22 BA154 013 BYZ17 0-39 0A200 007
ACY36 031 BC135 018 BCZ10 022 BF173 024 C441 033 UT46 0430 2N1711 0-22 BA155 016 BYZ18 0-39 0A202 0:08
ACY40 019 BO136 017 BCZ1l 028 BF176  0-34 Ca42  0-33 26301 0-21 2N1889 0-35 BAL56  0-15 BYZ19 0-31 SD10  0-06
ACY41 020 BC137 017 BCX12 0-28 BF177 0-39 C444  0-39 26302 0-21 2N1890 0-50 BY100 017 CG62 8D19  0:08
ACY44 039 BC139 0-44 BD121 066 BF178 0-33 C450 0-24 2G:308  0-21 9N1893 0-41 BY101 0-13 (0A91 Eq.) 1N34 08
AD130 042 BC140 0-33 BDI23 072 BF179 083 MATO0 10-21 2G304 027 2N2147 079 BY105 019 0008 IN34A 008
AD140 0353 BCl4l 033 BDI24  0-66 BF180 0-33 MAT101 0-22 26306  0-44 2N2148 0-63 BY1l4 013 CG651 1NO14  0-07
AD142 053 BC142 0-33 BD131 055 BF181 0-33 MATI120 0-21 20:308  0-39 2N2160 0-66 BY126 0-16 (0A70-0A79 1IN916  0-07
AD143 043 BC143 0-33 BD132 0-66 BF182 044 MAT121 0-20 2G:309  0-39 2N2192 0-39 BY127 017 Bq) 0 1N414B 0-07
AD149 055 BO145 050 BD133 072 BF183 044 MPF102 0-46 2G339° 0-22 2N2193  0-89 BY128 017 0A5 039 18021 0-11
AD161 037 BC147 O11 BD135 0-44 BF184 0-28 MPF104 0-41 2(:339A 0-18 2N2194 0-39 BY130 018 OA58L  0-28 18951  0-07
KING OF THE PAKS  Unequalled Value and Quality :‘1’*;““ TESTED SLMICONDUCTORS . NEW LOW PRICE TESTED S.C.R.'s
al 0. Tice
- PIV 1A 3A 5A 5A 7A 10A 16A 034
SHPEB p AK NEW BI-PAK UNTESTED| ., 5 reqspot transistors NP e T3 TOGS TOS To64 TOss 1048 Tois T0ds
................. 50 0 C " ( ) \ ) >
SEMICON DUCTORS 82 li ?)Véni;; :put. ?F .tr:msistors PNP . ggg 100 oogg (g,zz 3552 8%% § %g §§2 g-?g }gz
g . i 4 ype transistors ........... 08 §200 g - R 0- - -67 083 176
Satisfaction GUARANTEED in Every Pak, or money back. . [9¢ 6 Matched transistors OC44/45/81/81D. 055400 048 052 062 062 074 083 103 1.93
Pak No. Description Price§ Q5 4 OC 75 transistors. . I 0-55§600 059 063 075 o075 08 107 138 —
U 1 120 Glass Sub-Min, General Purpose Germanium Diodes .... 0-55§Q6 5 OC 72 transistors. . 0-55§800 070 o077 088 088 099 132 165 440
T 2 60 Mixed Germanium Transistors AF/RF ................ 0-550Q7 4 AC 128 transistors PNP high gain 0-55
T3 75 Germanium Gold Bonded Sub-Min, Tike OAD, OA47 ... 055]Q8 4 AC 126 transistors PNP. 055 SIL. SECTS. TESTED
T 4 40 Germanium Transistors like OC81, ACI28 ... 055§Q9 7 OC 81 type trans'istors .. 0-55 50 0-04 008 006 0:08 016 0-23 068
T 560 200mA Sub-Min. Silicon Diodes 055§ Q10 7 OC 71 type transistors : ‘09K 100 004 007 008 015 018 026 083
T 6__ 30 Sil. Planar Trans. NPN like BSY95A, 2N706 . ... ... 056] Q11 2 AC 127/128 Complementary pairs PNP/NPN 0-56] 200 006 010 007 016 033 027 110
T 7 16 SIL Rectifiers TOP-HAT 750mA VLTG, RANGE up to 1000 055 gg 3 AT 110 typo trandistors oSl de 008 ods 0% 096 oss o0 so
T 8__50 Sil. Planar Diodes DO-7 Glass 250mA like 0A200/202 . 058 type transistors .. Sl so 011 019 o012 028 041 06l 220
- - - Q14 3 OC 171 H.F. type transistors .............. 0-55 . i
U 9 20 Mixed Voltages, 1 Watt, Zener Diodes . ... .......... 0-55 - . : e 1000 012 028 016 033 051 070 275
AV - o5 Q15 7 2N2926 Sil. Epoxy transistors mixed colours 0-55) 009 _— 0-37 — 042 063 083 —
Uio 20 50 charge sforage Diodes DO-7 Glass ... : Ql6 2 GETS80 low noise Germanium transistors.. 055
U1l 25 PNP Sil. Planar Trans. TO-5 like 2N1132, 2N2904 - 0550017 5 NPN2 x ST.141 & 3 X ST.140 0
1212 Silicon Rectifiers Epoxy 500mA up to 800 PIV. .. ~ 055] 018 4 MADT'S 2 x MAT 100 & 2 x MAT 120 . POWER TRANS BONANZA!
Ul3 30 PNP-NPN Bil, Transistors 0C200 & 28 104 . .. 0-56]Q19 3 MADT'S2 X MAT 101 & 1 X MAT 121 055 GENERAL PURPOSE GERM. PNP
Ul4 150 Mixed Silicon and Germanium Diodes, . 0-55 Q20 4 OC 44 Germanium transistors A.F. 0-55 %ﬁ;h%%lﬁoégiggg%gaggg N(i{A’?E‘lO{,gSO%I‘%(:)L‘E
U165 256 NPN Sil. Planar Trans, T0-5 like BRY51, ON697. 055 Q21 4 AC 127 NPN Germanium transistors. 0-558 105-106-430451-452-453, TI3027—3098, 2N250A ZNA56A—
Ul6 10 3 Amp Silicon Rectifiers Stud Type up to 1000PIV 0-55 | Q22 20 NKT transistors A.F. R.F. coded . 055 §457A-458A, 2N511 A & B. 2G220-222, ETC. VCBO 80V
Ti7_ 30 G PNP AF T TO-5 1ike ACY 17-02 055 | 923 10 OA 202 Silicon diodes sub-min, ... : gg‘ngﬁov IC 104 PT, 30 WATTS Hte 50-170.
Ti8__ 5.6 Amp Silicon Rectifiers BYZ13 Type up to 600 PIV ... 055§ Q24 8 OA Bl diodes........coivvvsiverreees Dip ok dpaach  39p eath
TI9__ 25 silicon NPN Transistors ke BC108 -, ... ... ... ... 056 Qgg 1: é‘ig? Silicon diodes 75 PIV 75¥nAn~'ré9 " -
T30 12 1-3 Amp Silicon Rectifiers Top Hat up o 1000 PIV ... 055082 Germantum diodes sub-min. SILICON High Voltage 250V NPN
- —— - - = - Q27 2 1CA PIV Silicon rectifiers IS425R .......... 0-550T0-3 case., G.P. Switching & Amplifier
U2l  30-AF. Ger ium Alloy Transistors 2300 Series & OC71. 0:58 s N . , Care. 2 P
5730 MADT s Iike MEz Serf T 955 Q28 2 Silicon power rectifiers BYZ 13 ............ 0-55 § Applications. Brand new Coded R 2400
U2 'T’s like MHz Series PNP T 8 ol Q29 4 Silicon transistors 2 x 2N696, 1 X 2N697, VCBO 250/VCEO 100/IC 6A/30 Watts.
U24 20 Germanium 1 Amp Rectifiers GJM Series up to 300 PIV  0-35 T X 2NGO8. .o oevennnnes ivarrereensiens 08B FHFE type 20/iT S5MHZ. 115 WATT SII
U2 26 _300 MHz NPN Silicon Transistors 2N708, BSYS7 ...... 055]Q30 7 Silicon switch transistors 2706 NEN OO FRICE BACK: o 100 up || FOWER _NEN
U26 30 Fast Switching Silicon Diodes like 1IN914 Micro-Min. ., 0-55§Q31 6 Silicon switch transistors 2N708 NPN '55)) 49;1) “;;‘p 55p EACH.
U27 12 NPN Germanium AF Transistors TO-1 like AC127 ..... 0-55] Q32 3 PNP Silicon transistors 2 X 2N1131, 1 X
2610 1 Amp SCR’s TO-5 can, up to 600 PIV CRS1/25-600 1.10 AN1L52 ........ Seees OSEERLERTE -+ 0550\ 100N 50 WATTs MATCHED NPN/PNP .
T30 _15 Plastic Silicon Planar Trans. NPN 2N2096 05| 958 8 Silicon NEN fransistors INITL oo oot OB6BLP 19 NPN £0-4 Plastio, BLP 20 PNP. Brand new.
3120 Silicon Planar Plistio NPN Trams Tow Nolse Amp2naror 06 | 4% 7 {llcon, AN transistors 2N2365, S00MTE 055 | o praoVOEO. 2010, 10A. HFE type 100/t SmHZ.
U32 25 Zener Diodes 400mW DO-7 case 3-18 volts mixed ...... 0-554 Q35 3 Silicon PNP TO-5, 2 X 2N2004 & 1 X 1-24 prs. 86p 25-99 prs. 61p 100 prs. 55p
U383 15 Plastic Case 1 Amp Silicon Rectifiers IN4000 Series .... 0-55 2005 ...
T34 30 Silicon PNP Alloy Trans, T0-5 BCY26 23309/4 .. 055 | Q36 7 2N3646 TO-18 plastic 300 MHz NPN AD161/162 pyp | JUMBO COMPONENT
U385 95 Silicon Planar Transistors PNP TO-18 2N2006 0-55 [ Q37 3 2N3053 NPN Silicon transistors . M/P COMP GERM TRANS. PAKS
U36 95 Silicon Planar NPN Transistors TO-5 BFY50/51/59. 055§ @38 7 NPN transistors 4 x 2N3703, 3 x 2N3702.. 0-55J OUR LOWEST - PRICE OF MIXED
T37 30 Silicon Alloy Trandistors 50-2 PNP 0GZ00, 25399 05 — R A e ELECTRONIC
03820 Fast Switching Slcon Trans. NPN MHz 2N3011 055 SILICON PHOTO TRANSISTOR COMPONENTS
U39 30 RF. Germ. PNP Transistors 2N1303/5 TO5 ... 0-55 | ELECTRONIC SLIDE-RULE ) £0-18 Lens end NEN Sim. Lo
T40 10 Dual Transistors 6 lead TO-5 2N2060 ........ 0-556 | The MK Slide Rm:ﬁ ’f o d to Eiﬂllplify C Aersionca(;' NEW. F‘ﬂf“ data  available, ] Exceptionally good value
= 3 o + T e following scalesi— 0NV *
T4l 25 RF Germamu'm Transistors TO-5, 0C45, NKT72 ...... 055 Frequency and Wavelength. Caleulation of L, C and fo lely gu::u-:m‘l:emi5 99 1 Resistors, capacitors,
4210 VHF Germanium PNP Transistor T0-1 NKT667, AF117_0-56 | of Tuned Circuits. Reactance and Self-Induct Avea ot JUUF. 124 2099 100UD | ks, electrolytics and
T3 25 Sil. Trans, Plastic T0-18 AF. BOTISIIE. v r e 055 J Circles. Volume of Cylinders. Resict of Conduct LG ) e coils plus many other
i i 5 N T eight of Conductors, Decibel Calculations. Angle Func- 2
Udd 30 Sil. Trans. Plastic T0-5 BOLLS/NPN 0:55 1 ions. Natural Logs and ‘e’ Functions. Multiplication and F.ET.'S useful items. Approxi-
Uds 7 BASCR. TO66 up to 600PIV ......... .. .. ....c.oeun.n 1-10 § Division. Squaring, Cubing and Square Roots. Conversion | 2N3819  31p 2N5458 35p mately 3lbs in weight.
“ of KW and Hp. A must for every electronic engineer and §2N3820  55p 2N5459 44p P
Code No’s. mentioned above sre given as a guide to the type of device in || enthusiast, Size: 2 cm. X 4 cm. Complete with case and §2N3821  39p BFW10 @6p [ Price incl. P. & P. £1:65
the pak. The devices themselves are normally unmarked. instructions. Price each: £3-68% J2N3828 3lp MPF105 41p [ only.
A LARGE RANGE OF TECENICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE

AND DATA BOOKS ARE NOW
AVAILABLE EX. STOCK.
SEND FOR FREE LIST.

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

COMPETITIVE PRICES—

TEL. (STD 0920) 61593.

120 VCR NIXIF DRIV]
TRANSISTOR. Si
B8X21 & C407, 2N1¢
FULLY TESTED A}
CODED ND 120, 1.
19p each. TO.5 N1
25 up 17p each.
—————
Sil. trans. suitable :
P.E. Organ. Metal TO-
Eqvt. "ZTX300 5%p ea:
Any Qty.

NEW EDITION
1971

TRANSISTOR EQUIV
LENTS BOOK. A co
plete cross reference a
equivalents  book
European, American a
Japanese Transistc
Exclusive to BI-P:
9p each.

18 BALDOCK STREET (Al0), WARE, HERTS.

OPEN MON.-SAT. 9.15 a.m. to 6 p.m., FRIDAY UNTIL 8 p.m.
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-the lowest prices!

2 Seri . The AL50 HI-FI AUDIO AMPL
74 Series T.T.L. 1.C’'S € Al
BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION 50W k z 5w R M S
GUARANTEED. ALL FAMOUS MANUFACTURERS .
0-1% DISTORTION ! HI-FI AUDIO AMPLIFIER
117 0226 1%013 SN7450 0117 %516 l%offi 8 1 0174 Ozgl l%oéi
8N7400 0 g . 4 - . g N7414 N - . 5 -
SN7401 017 016 013 | SN7451 017 016 013 | SN74las 165 8158 £1.43 & Trednency Response 15Hz to 100,000—1dB.
SN7402 017 018 018 | SN74538 017 016 013 | SN74150 £3-30 4£2.97 4275 & Load—3, 4,8 or 16 ohms, @ Supply voltage 10-35 Volts.
SN7408 017 018 013 | SN7454 017 018 013 | SN74151 £1-10 £1-05-  0-99 ® Distortion—Dbetter than 0-1% at 1kHz.
SN7404 017 016 013 | SN7460 017 016 018 | SN74155 £1-82 8121 £105 ® Signal to noise ratio 80dB,
SN7405 0‘13 g%g g&g Si"gi;g ggg 338 8%; gNMlg; zigg gii’é £1-76 ® Overall size 63 mm X 105 mm X 13 mm.
SN7406 0-3! - . - - . N741 g - £1-32 Tail % 5 i i
SNTAOT 039 034 01 | BNI4s 04l 099 095 | SNTlo6 £188 S14E S92 | qaailhy componcnis and incorvorating the et sohd siets
SN7408 0 - - g : - 8N74157 : g - trout i f
SN7409 0-50 gig g%g gg;i;g ggg sgg gzg SN7ﬂg‘1’ ﬁgg ﬁg; £176 g:‘tci\;lli;rgezggcewed to fill the need for all your A.F. amplifi-
SN7410 0-17 g X ¥ . ¥ - SN7: . - £1-76 ; BUILT— —
SN 44 9‘23 gg]ﬁ. ggzg({ 2‘{'53 52;; 5?24 SNTle ﬁgg 2413 shas FULLY BUILT—TESTED—GUARANTEED. )
SN7412 0-39 0-3: - - : -21 SN74163 : 4-13  £3-85
SN7413 032 029 097 | SN7489  0-86 Q05 094 | SNv4led £243 5297 £2.91 BRITISH MADE. onl .
SN7416 0-48 0-44 0-42 | SN7483 £1-21 £116 £1-05 SN74165 £2-48 £2-42  £3-37 y £3 58 each
BSN7417 0-48 0-442 0-42 SN7484 £1-10 £1-05 0-99 8N74166 £3-85 £3-58 £3-30
SN7420 0-17 0-16 0-13 SN7485 £3-96 £3-85 £3.74 SN74174 £2-58 £2-42  £2-31
SN7422 0-55 0-53 0-50 | SN7486 0-35 0-34 0-33 8N74175 £1-76 £1-85 £1-54
BN7423 0-55 0-53 0-50 SN7489 -~ £6-06 £5-78  £5-50 SN74176 £275 £2-64 £2-53
8N7425 0-55 053 0-50 SN7490 0-74 071 0-64 SN74177 £2-75 £2-64 £2-53
SN7426 0-50 0-46 0-44 § SN7491 £1-10 £1-05 0-69 SN74180 £2-20 £1-76 £1-54
B em o pe gm s wnoen M| el 28 4k R4 |
8N7428 0-77 - - y - . SN74182 - : 178
§N7430 017 016 013 | SN7484 085 082 075 | snvalst 2385 4£3.58 £330 MGODULE SPM80 £3-25
8N7432 9-50 0-48 0-44 | SN749 0-85 0-82 075 SN74190 £2-15 £2-09 £2-04
SN7433 0-88 0-83 0-77 | SM7496 0-96 0-93 0-86 SN74191 2209 £204 £1-98 AP80 is especially designed to power 2 of the AL50 Amplifiers, up to
8N7437 071 0-68 068 | SN74100 £1-82 £1-76 £1-71 SN74192 £2-15 £209  £2-04 15 watt (r.m.s.) per channel simultaneously. This module embodies the
SN7438 01 0-68 0-68 | SN74104 £1-07 £1-04 097 SN74193 £2-20 £1-98 £1-03 latest, components and circuit techni incor i short
SN7440 0-17 016 013 | SN74105 £107 £1-04 0-97 8N74194 £2-97 £286 2275 circuit protection. With the addition of the Mains Transformer MT80
SN7441 0-74 0-71 0-64 SN74107 0-44 0-42 0-40 SN74195 £2-20 £2-09 £1-98 the unit will provide outputs of up to 1-5 amps at 35 volts, Size;
SN7442 0-74 0-71 0-64 8N74110 0-61 0-59 0-55 SN74196 £1-98 $£1-87 £1-78 63 mm X 105 mm X 20 mm. These units enable you to build Audio
8N7443 £1-43 £1-38  £1-32 | SN74111 £1-38 £1-27 8121 SN74107 £1-08 £1-87 £178 Systems of the highest quality at a hitherto unobtainable price. Also
SN7444 £1-43 £1-38 £1-32 SN74116 £1-10 £1-05 0-99 SN74198 £605 £5°50 2£4.95 ideal for many other applications including: Disco Systems, Public
SN7445  £1-98 £1-95  £1-93 | SN74119 £1-49 £1-38 £1-21 $N74199 £6-05 £5-50 £4-95 Address, Intercom Units, etc. Handbook available, 10p. !
ggzmg ﬁ'% ﬁ%% £g~gz gg;ﬁ% ﬁ'ﬁ ﬁ'ﬁ% 52'%5‘ 3 Terminal Pos vxg Reg. To.g
44’ - - . 3 . ¥ Plastic O/P 1.5 8., UAT80! »
8N7448 £1-10 £1-07 £1-05 | SN74123 £3-08 £2-97 £2:86 5v.s & uAl7812 12V. 1élw each. TRAN S Fo RM ER B MT80 £2 1 5 p- & p. 25P
fi NUMERICAL INDICATOR TUBES|STEREQ PRE-AMPLIFIER
= TYPE PA100
Minitron
. N Built to a specification and NOT a price, and yet still the greatest value on the market,
Anode voltage (Vdc) 170min 175min .5 }Jhe 1=‘A1‘§)0f stereo me.ﬁm%uﬁz l;?)s been conceilvgd fromt the liaﬁiest circuit techniques.
| N esigned for use with the power amplifier system, s quality made unit
Cathode Current (mA) .2 3 1 8 6&]91 +mg§;ﬁﬁ incogﬁ:mtes no less than eéghﬁ silicon.planay transis{ors, f:wo of %hese {Lre specially
Numerical Height (mm) 16 13 S point. All }B,idlel ?ﬁiﬁ?%‘?ﬁﬁﬁsicﬁg gf;\lxﬁ? fa?xl;c;l s:ui%):ll;e ;’;l%utscsggcel:- filters are features of the
viewing. 'uj - * +
Tube Height (mm) 47 33 22 g ata mrl ;.l 1 sa,}‘jllfl?fev;};l:sh a;lsot :?usl :eiigﬁlsﬂO/MONO switch, volume, balance and continuously
ypes available .
Tube Diameter (mm) 19 13 12 wide on request. SPECIFICATION:
. - 15dB at 20Hz
L.O. Driver Rec. BPR41{14 BP4L or BP47 %fx%‘gﬂfg distortion %ggr t%glﬁnoz-lﬁlm : ’%?2512“3)“;2501 imaﬁ at 20kHz
141 141 Tnputs: 1. Tape head 1-25mV into 50KQ Filters: Rumble (high pass) 100 Hz
2. Radio, T 35mV into 50KQ Scratch (fow pasg) 2
PRICE EACH 21-87 £1-70 £1-50 3 Magnetio P.U. 15wV inko 50K Signal/noise atio ) Better than +65aB
All inpub voltages are for an output of 250mV. Input overload 42
. - Tape and P.U. inputs equalised to RIAA curve Supply +35 volts at 20mA
INTEGRATED CIRCUIT PAKS within +1dB from 20Hz to 20kHz. Dimensions 292 X 82 X 35 mm
Manufacturers “Fall Outs’ which include Functional and Part-Functional Units, These are classed as ‘out-of - ’
spec’ from the maker’s very rigid specifications, but are ideal for learning about 1.C's and experimental work. f;gﬂah%ﬁ?:& E TE A( |I OTﬂ %%T;T;;‘;%éélio&? on |y £1 3 ) 1 5
Pak No. Contents Price Pak No. Contents Price Pak No. Contents Price >
UIC00=124-7400 0-55 UIC46="5 X 7446 0-58 VIC86=5 X 7486 055 - -
UIC01=12 x 7401 0-55 055 UIC0=>5 X 7490 0-55 Ko, .
VIC02=12 X 7402 055 0-55 UICY1 =5 X 7491 0-55 ,@‘ e
giggi=ig X ;232 ggg 055 UIC92=5 X 7492 055
=12x . 0-55 UICH3=5x7493 0-55 . . s s i
UIC05 =12 % 7405 0-55 0-55 UICO4=5 X 7494 0-55 The ‘Stereo 20 %:Lsp!ﬁer is m?untgg,cﬁa(;y ﬁugflll a)?dst.gsz(iﬂ
g%ggg:g i ;igg ggg ggg U%gggfg X ;382 8gg g‘lllxizl 3:;;;5;22%5% ozlxzélsmca:nuagigte with on/off switch, volume
UIC10=12 x 7410 055 0-55 UU’ICIOO_ = 5)( X 74100 0-55 control, balance, bass and treble controls. Attractively printed
UICI3=8x 7413 085 0-55 UICI21=5x74121 055 ¢ front, penel and matching contrel knobs, The ‘Stereo 20 b9
= - . been designe: 0 into most turn 3 b
gggg:%gi;ﬁg ggg ggg UICI51;2§;£§1 g gg intixferilx)l.g 1tvif.h the mechanism or, alternatively, into a sep-
= - . — arate cabinet. .
g%gﬁL%gxﬁﬁo ggg 8gg g%gls‘i g;;ﬁgé g gg Qutput power 20w peak Input 1 (Cer.) 300m‘§ léltc:r)’ gID{I
Dot xi 4] 9% | UICI9-sXTA 055 B s dstortion~_ Baas conirol 1 190B at 6082
UIC44=5 X 7444 055 ggg UICXT=25 Assorbed 74’s 1-55 typically 0-25% at 1 watt  Treble con, £14dB at 14kHz
UIC45 =5 x 7445 R = "
055 . UIC83=>5X 7483 055 £1 347 freep. & p.

Packs cannot be split, but 25 assorted pieces (our mix) is available as PAK UIC X1.

NEW GOMPONENT PAK BARGAINS LINEAR L.ca—ruLL SPec ISYSTEM 12
Pack Type No. 1€2'4 2g-g9 1% up
No. Qty. Description Price | BY 201C—SL.201C 9ip gip G S TE R E 0
C1 250 Resistors mixed values approx. count by weight ., . e . . .. 055 ]};g ;Ooéoc:glﬂ;gég gg%—g ggg 333 & i
C 2 200 Capacitors mixed values approx, count by weight .. .. .. .. 055 | BP 702—72702 58ip 49ip 44p Ela_c.h Kit contains two Am-
€38 50 Precision Resistors 1%, mixed values .. .. .. .. .. .. 0%55]BP 706 72700 3ofp 87ip 33p [olifier Modules, 3 watts
C4 75 Ith W Resistors mixed preferred values .. .. .. .. .. .. 055 | BP 709P—uA709¢  39ip 8%p 33p RMS, two loudspeakers, 15
C5 5 Pieces assorted Ferrite Rods 0-55 | BP 710—72710 48;p 46p 44 Johms, the pre-amplifier,
C6 2 Tuning Gangs, M\W/LW/VHF .. .. .. .. .. .. .. obs[BE7ll—pATLL 49ip 47p 4% ltransformer, power supply
P sre 50 / oo BP 741-—72741 S0 500 450 Y module, front panel and
7 1 Pack Wire 50 metres assorted colours . .. . .. .. .. 055K A703C 3lp 28ip 261 ther a ": " . well ONLY
G8 10 Reed Switches .. . . - - - - - o 055 | TAA 265— %mp  66p  eoip | othe essories, as well as
C9 3 Micro Switches s ee oo .. ... .. .. 055§TAA993— O UL 't""St! ated stage-hy-stage .
C10 15 Assorted Pots & Pre-Sets .. .. .. .. .. .. .. .. 055]TAAS350 87p 21-74p £1-65 | instruct oklet d d £1 8 6 4
CIl 5 Jack Sockets 3 X 3-5mm 2 X Standard Switch Types .. . .. 055 S:GS. EAL000 £2:89% for the beginner. Further FREE p. & p .
C1Z 40 Paper Condensers preferred types mixed values .. .. .. .. .. 055 ROCK BOTTOM FRICES detalls avallable on request, (] - ®
gii 2(1) Electrolytics Trans. types .. .. . e .. i .. 055 LOGIC DTL 930 Series 1.C’s - Plus much more—send now for
Pack assorted Hardware—Nuts/Bolts, Grommets ete. .. . .. ] C Price he BI-PAK ' C t Catal -
Cls 4 Mains Toggle Switches, 2 Amp D/P e L oBs 1-24 25-99 100 up the Bl- omponent Catalogue
Cl6 20 Assorted Tag Strips & Panels . .. .. .. .. .. .. 055 ) BP93¢ 13p 12p 1ip 5p to cover postage etc.
Cl?7 10 Assorted Control Knobs .. .. .. .. .. .. . .. 055} BP932 4p 18p 12 .
C18 4 Rotary Wave Change Switches .. .. .. . .. .. .. 055 BP%E }31’ }gp igp . A# prices quoted in new pence Giro No. 388:7006
C19 3 Relays 6-—24V Operating .. .- . . .. .. . .. 085 gl;gg(i 145 133 1é§ Please send ali-orders direct to warehouse and despatch department .
C20 4 Sheets Copper Laminate approx. 10” x 7”7 .. .. .. . .. 055 BpPosq 14p 13p 12p | )
FPlease add 10p post and packing on all component packs, plus a further 10p on pack Nos. CL, | BP945 274p  26ip 24p : N
C2, C18, C20. . BP946 18p 12p %ip .
BPY48 27p 263p D
RTL MICROLOGIC CIRCUITS DUAL-IN-LINE 1IC’s. TWO  Ranges | BP951 71ip 66p 603p -
B Prie h PROFESSIONAL & NEW LOW COST. | BPS62 13p 12p 1lp .
194 gs"_ﬂgg 100 PROF. TYPE No. 1-24 25-99 100 up. | BP9093 44p 4%  38ip . ‘ o
Epoxy TO-5 case uL900 P ggg %% pin type ggn é!gp gg-}l’ ggg‘w‘i ﬁp igp ggip A
3 Zp P )4 097 D D 3D . q
L e BT . S B B Nl .0.50x6, WARE- HERTS
uL923 J-K flip-flop 55p 511’ 491) LOW COBT No. Devices may be mixed to qualify for quantity i ) R s
el D ? BPS 14 16ip 144p 12p price. Larger ity prices on icati ‘Postage and packing add (0p. Overséas add extra for arrmail.
Data and Circuits Booklet for IC’s Price 8p. BPS 16 173p 15p 13p (DTL 930 Series only). * Minimum order 580p. Cash with et der please.

Guaranteed Satisfaction or Money Back
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OVER 300,000 IN STOCK!

Multiway and R.F. Connectors by
twenty different companies!
Send us your detailed require-
ments quoting Nato numbers if
known.

TANTALUM CAPACITORS We hold large stocks by
§.T.C., T.C.C., Dubilier, Kemet, Plessey, G.E., etc., send for
stock Ijst with lowest prices for immediate dellvery

AERIAL DIRECTION INDICATING KIT

This set comprises a pair of Magslips to provide remote indica-
tion of aerial azimuth and comprises a transmitter and receiver.
The transmitter is directly coupled to the remote aerial and the
receiver can be mounted at the control point, to provide imme-
diate and continuous indication of aerial position. Supply
voltage required is 50v. 50Hz and the price £575. (P.Pd.)
including a pointer for the receiver. The suggested use of these
items would include a mains operated, geared motor to drive
the aeriai, controlled from the pesition to which is fed back
position information by the magslip link. Transformers to
provide 50v. 50Hz from 240v. A.C, £1:95 each. (P.Pd.).

FLOODLAMPS

- For use with back reflectors by internationally famous company.

200w., 250v, E.S.—£1°50 per 4, £1-50 per pack of 25 (post paid).
Also SODW 240v. G.E.S.—£1-50 per 3, £4:50 per pack of 12 (post
paid). These lamps are fitted with fron! silvered bulbs to enhance
reflection from the fitting.

ETHER ELECTKROMETHODS LOW INERTIA
INTEGRATING MOTORS

Available ex-stock at extremely low prices. For 1-5, 6, 12 and
24V operation in stock,

VACTRIC SIZE 23 PULSE GENERATORS (Shaft Digitizers).
Full details and price on application.

STAINLESS STEEL VACUUM CONTAINERS FOR
LIQUIDS. Capacity 2 U.S. galls. fitted with delivery taps.
Brand new in cartons—&£22-50 (C.Pd. U.K,).

400HZ INVERTERS, 27-5v 150A input, 115v 400Hz 2500VA,
output. Not new but in excellent condition; fitted with control
box containing switchgear and voltage and frequency adjust-
ment circuits. These are extremely small for their capacity
only 16in long and 13in high overall including the contrel box
which aiso carries the circuit diagram, £29 (C.Pd. U.K. Mainld.).
MULTICORE PVC COVEKED TELEPHONE CABLE 24
core £22 per 100 yds, 12 core £18 per 100 yds, 8 core £12 per
100 yds, 4 core £10 per 200 yds, 2 core £3 per 100 yds. (Al C.Pd.
U.K. Mainiand).

HEAVY DUTY PVC INSLTD. FLEXIBLE CABLE to DEF
12D Type 3 in following colours: violet, yellow, white, grey,
green, orange, pink, red and brown 70/0076” conductors £3-25
per 100 yds (P.Pd.) also with 40/0076” conductors in grey, violet,
white, pink and red at £2-50 per 100 yds (P.Pd.).

(%RPEJ-?‘) 6-WAY CONNECTOR BLOCKS.

10 for £1-25

(‘;,"é,'; )PATCHBOANDS. Types 695448-3 and 695365-2. £20
TIiME SWITCH. Smiths Type TT10/KD, 0-10 mins., 2-pole
contacts, 250v. 50Hz. £2-25 (P.Pd.).

ADVANCE VOLTSTAT STABILISER TRANSFORMERS.
All inputs 190-260v. 50Hz. Qutput 230v. 75w. £5 (P.Pd.). 240v. 50w
£3(Pl§ .)Pd). 6v. 15w, £3-75 (P.Pd.). 6.3v. 4:5A - 16-5v,

RADIO INTERFERENCE MEASURING SETS Type CT535,
m'fd. by ADVANCE, Full details and price on application.

GRELCO6-WAY CONNECTOR BLOCKS 10for £1-25 (P.Pd.).
MARCONI-ELLIOTT DUAL IN LINE INTEGRATED CIR-
CUlTst. DTL logic, a few Linear, List of types available on
request.

7in TAPE REEL CONTAINERS would keep your tapes in
perfect condition, Strongly made for mechanical and electrical
protection of spools and tapes. 5 for £1:50 (P.Pd.).

7in PROFESSIONAL TAPE SPOOLS in dural 5 for £2:50
(P.Pd.); or 5 spools and containers for £3-65 (P.Pd.).

SELECTED HIGH QUALITY INSTRUMENTS IN STOCK
Racal Universal Counter Timers CT488 (SA540 & SA545)
Marconi Counters TF1345/2
Airmec High Speed Counters Type 298
Marconi Attenuators TF2162 and 1073A/28
Advance Airborne Noise and Vibration Measuring Instrument
AP19724B
Ferranti LF Sweep Generator Mk. 2 * (0-01 fo 20 c.p.s.)
KSM Electronics Puise Generating Type 2/302
E.I.L. Direct Reading pH Meter Model 23A
E.l.L. Twenty Million Megohm Meter Model 26A
E.LL. Chronolron Model 25E
All Prices on Application

MIL SYNCHROS AVAILABLE EX-STOCK
In sizes 08, 11, 15, 16, 18 and 23 for 50, 60 and 400 Hz operation.
Synchro Control Transformers

Synchro Control Transmitters

Synchro Control Differential Transmitters

Synchro Torque Transmitters and Receivers
Synchro Resolvers

D.C. VOLTAGE CALIBRATORS D.C.3

D.C. potentiometer with integral standard cell to measure
1mV to 1000V to 0:2% or TmV with external galvo, or 0-5% with
galvo vncorporated With handbook £12:50. (C.Pd. England and
Wales),
IONISATION AMPLIFIER PV4075
A modern high grade low noise solid state am?llﬁer to feed a
potentiometric recorder, 18 input ranges from 10-12t0 5 X 10-Y A
with 6 outputs of 1mV to 100mV. Linearity 0-1% f.s. Noise less
than 0-5% f.s. at max. sensitivity. Back off facilily. Dimensions
28 x 10 x 43 cm. deep. With operating information £25-00.
(C.Pd. U.K.)
GAS CHROMATOGRAPHY RESEARCH OVEN
PV4051/4056
A large capacity oven of low thermal mass for use between 35
and 350°C. Provides a forced air circulating system yielding
1000 changes of air per min. The oven has forced air cooled
outer surfaces when the internal temperature is high. 210-250V,
50Hz, 2-6KW, £26-00. (C.Pd. England and Wales).
GAS CHROMATOGRAPHY OVEN/ANALYSER UNIT
PV4050/4055
A somewhat smaller unit than the previous item for use between
35 and 500°C. 600 changes per min. with cooled outer surface.
Internal dimensions 20cm. X 18cm. high X 20om. deep. Max.
heating rate 50-400°C in 6 mins. Max, cooling rate 400°C to
100°C in 4 mins. 210-250V, 50Hz, 2-6KW, £20-00. (C.Pd. England
and Wales).
Details of these three and other gas chromatography items are
available—price 25p (C.W.0. only) refundable on making first
purchase.

ADD 10% VAT TO
T ALL PR‘CES 4 inesa

INDUCTIVE POTENTIOMETERS D.C. resistance 60 ohms,
A.C. impedance at 50Hz. 20,000 ohms intended for use on
$0v. 50Hz. Linearity 0-1% £15-50 (C.Pd. U.K. Mnld.).

B.T.H. MOTOR AMPLIDYNE 400v. 3ph 50Hz input, F.L.
output 220v. 2-4A £75. (C.Pd. U.K. Mnid.).

BENDIX AMPLIDYMNE UNITS 5AM31NJ18. 28v, in output
8-8A at 60v., fully compensated £12:50 (C.Pd. U.K. Mnld.).

SPECIALIST STOCKISTS OF SERVOMOfORS, SYNCHROS, MAGSLIPS & CONNECTORS

CSemw and éleclmmic Cgales ﬂlcl

Regd. Office: 45a HIGH STREET, ORPINGTON, KENT.

Post Orders and Technical enquiries to: “BAYS”,

HIGH ST., LYDD, KENT. Lydd 20252 (STD 0679)

Or 67 LONDON ROAD, CROYDON, SURREY (Retail and Instrument Repairs). Phone: 01-688 1512

DRY REED INSERTS

— AN
e
Overall length [-85" (Body length I:1")

Diameter 0-14” to switch up to 500 mA at up
to 250v D.C. Gold clad contacts. 63p per
doz. £3-75 per 100; £27-50 per 1,000; £250 per
10,000, All carriage paid.

Heavy duty type (body length 2”) diameter
0-22” to switch up to IA, at up to 250V, A.C.
Gold clad contacts, £1:25 per doz.,’ "£6'25
per [00; £47-50 per 1,000; £450 per 10,000,
Chnngeover type £2- 50 per doz. All carriage
paid.

COILS

P.11 SERIES

WEYRAD

AND I.F. TRANSFORMERS IN
LARGE-SCALE PRODUCTION
FOR RECEIVER MANUFACTURERS

10 mm.x 10 mm.x 14 mm. Ferrite cores 3 mm.

Single~tuned I.F.s and Oscillator Coils.

P.55 SERIES

12 mm. X 12 mm.X20 mm, Ferrite cores 4 mm.

Single-tuned I.F.s and Oscillator Coils.

T.41 SERIES

25 mm.X 12 mm.x20 mm. Ferrite cores 4 mm.

472 kc/s operation.
472 kc/s operation.

472 kc/s operation.

Double-tuned 1st and 2nd I.F.s and Single-tuned 3rd I.F. complete with
diode and by-pass capacitor.

These ranges are available to manufacturers in versions suitable for most of the popular
types of Transistors. The Oscillator coils can be modified to enable specific tuning capacitors
- to be used provided that bulk quantities are required.

OUR WINDING CAPACITY NOW EXCEEDS

50,000 ITEMS PER WEEK

On the most up-to-date and efficient machines backed by a skilled assembly labour force
for all types of coils and assemblies.

WEYRAD (ELECTRONICS) LIMITED, SCHOOL ST., WEYMOUTH, DORSET
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£ £ £ £ £ 5 £
oB2 035 | R17 0-45 | UBF80 035 | VR150/30 0-35 | 5B254M 275 | 6AQ5  0-36 | 604 0-25 | 6K7G 3-17
PAI?_CSO 0-35 | R19 035 | UBF89 0-34 | 28000 1-40 | 5B/256M 3-10 | 6AQ5W 045 | 6C6 020 | 6K8GT 0-40
PCO7 94l gry vccss  0-35 | Z801U 140 [5R4GY 085 ( 6AS6  0-30 | 6CH6 055 | 6K25  0-70
BO900 042 (V5040 pag Z803U 110 |5U4G 030 | 6AT6 030 | 6CL6 050 { 6L6M 135
PCC84  0-36 UCFS0 060 | 79007 .90 |5V4G  0-45 | 6AU6  0-20 | 6D6 0-15 | 68A7 :
[ § {pcose  0-45 [ STV UCH42 080 | 114 013 [5Y4G 035 | 6AXAGT 050 | GEAS  0.60 | 6547GT ooy
Bi2H 175 (ECLSZ 0-31| PCC189 0-49 | 280/80 820! ycomg; .35 1R5 0-35 [5Y3GT . 0-35 | 6AX5GT 0460 | 6F23  0.80 | 6SCIGT 0.9
CY3L 040 | ECL83 0-63 | PCES00 075 [ TT2L 380 | yoreo  g.gs | 184 030 {523 070 [ 687 0-35 | 6F 6867 040 THE VALVE WITH A
DAFS6 0-40 | ECLS6 038 | POFSO 025 [uss o070 | uore: oo | iss 030|521 075 | onrn 8 L% 0-40 GUARANTE
DF9 040 | EF36  0-50 | PCF82  0-27 055 | jmy 030 | 5z46T 082 | 6BKT 060 [ 6HGM  0-25 | 6577  0-40 B
DK96  0-47 | EF37A 0-85 | PCF84  0-54 | U26 0-70 f UF80 030 | 1354 .36 6AB 025 | 6BA6 025 | 6GTAWA -85 | 6SI7GT 0-28
DL92 0-32 | EF40 0-50 | PCF86  0-50 [ U27 0-45 | UF89 0-35 | 1X2B 0-50 | 6ACT 0-45 | 6BEG 0:25 | 6J5 0-35 | 6SK7 0-45
DL94 0-45 | EF41 0-85 [ PCF200 060 | {7199 0-68 | UL41 0-60 | 2K25 v-50 { 6AHG 0-50 | 6BG6G  0-47 | 6J5GT  0-30 | 6SL7GT 0-85
DL96 040 | EF80  0-25 | PCF201 0-60 UL84  0-35 | 3A4 0-40 [6AKS 085 ¢BJ6 67 7 H H
DM70  0-40 | EFS3  0-60 | POFS01 0-40 | USOL 070 | o : 6AKS  0-30 1 045§ 676 0-25 | 6SN7GT 0-35|30C15 070 | 6057 055
DY86 0-29 | EFS5 0-31 | POF802 045 | yaBCss 0-30 . 065 | 3D6 015 | s 0-1g | 6BQ7A  0-43 | 6J7G 0-30 | 68Q7 0-45 | 30C17 0-85 | 6060 0-50
Y87 0-28 | EF86 0-27 | PCF805 0-80 UY4l 0:45 | 3Q4 055 | gAT5W 0.35 | O6BR7 0-85 | 677M 0-35 | 68SQ7GT 0-30 | 30C18 0-75 | 6064 0-45
Dgls%)g/m g%g EFS9 025 | POREOG 0G5 UAF42 050 f uvss  0-35 | 384 0-33 | 6AM6  0-35 | 6BW6  0-80 | 6K6GT 055 | 6V6G 015 23?;1 0-80 | 6065 065
E 08 | E 0-27 [ PCF808 0-85 [ UBC41  0-48 | VR105/30 0- . q . - o ) 35 | 2 0-70 | 6080 155
Risoct 3.23 £ °‘§% FCron 048 /30 0-35 | 3V o48oans o060 | oBw7 - 0801 6x7 0-40 g;im ggg WFLiz 05 | G1io 15
E180 - 5 0- P 1 040 - 14 0-80 {8020 37
5 . . ) . SPECIAL OFFER 6X5G . $0L: - .
e oI BRI O iorer 0901 O93 TUBE £2:50 TRANS'STORS, ZENER DIODES |CGor oss|50i17 0 |o0s 9
EABCS0 0-27 | EFL200 0-67 | PCL8¢ 035 P & p 50p 6Y6G 0.5 | 30PI2  0-75 | 9003 045
EAF42 046 | EL34 0-45 | PCL85 0-35 63012 .85 30P19 0-80 | 9004 0-12
EB91 090 | EL& 056 | POLSS  0-43 s £ 5 £ s % 0851 30p11 o0 %006 o2
EBC33 045 | EL84  0-21 | PFL200 060 | 0AS 020 | 0C7L 012 | 1N702-7250-36 | 3N139  1.75 | ASY67  0-48 | CRs3/40 0-50 | 0%* 040 | 300113 0-90
EBC4l  0-50 | EL85 0-87 | PL36 0-50 | 0AL0 0-25 | 0C72 020 | 1N823A 1-30 | 3N140  ©0-97 | BAW19 0:28 | CS2A 0-65 | 7B7 050 | 30PL14 085
ECCS8L . 0-31 | EL86 0-36 | PL81 040 | OAT0 0-10 | 0C73 0-30{ 1N4785 0-50 | 3N154  0-95 | BC107  0-10 | Cvioe  ¢-25 | 7Y¥4 080 | 35L6GT 0-50 C.R. Tubes
EBF80  0-36 [ EL90 0-31 | PL82 035 | OA7L 010 { 0C75 0251 1ZMT5 035 [ 3N159  1.45 [ BCl08 010 | GET108 0-93 | 9D6 030 | 35w+ VCRIT  4-00
EBFSS 036 (ELS5 031 |PLS3 036/ 0A73 00710076 095 | 1ZMTI0 033|GFR> 045 | BCIIS 010 | GETil> 045]116e  seu| ™ 030 | YORaITR 5-00
EBF89 027 |EL500 076 |PLs: 030} 0OA7¢ 007 |o0C8L 020 1zT5  0.67]12FRéo 073 | BOIIS 020 | GBTLI6 050 70 | 80Z4GT 055 | VORS17C 7-00
ECC81  0-27 | ELs04' 076 | PL300  0.62 | OAT9 OCSID 020 | 1ZT10 083 | 40954  1.25| BOY72 0.5 | gEXes 1.50 | -2AT6 03515005  o.45 | 88D 810
ECC82 025 EM31 022 | PL504 0-62| (6D15) 0-10 | OCSIDM 0-20 | 26385  0-51 | 40595 1.5 | BF115 025 | NKT202 0.20 | 12ATZ 085 | 50cD6éc 1-10 | 887 810
ECCS3 027 | EM80  0-36 | PL508  0-70 | OA 08 | oc 025 | 2G403 051140636 125 | BF173 020 | NKT304 0-50 | 12AU7 024 | 508H5  0-55 | 5V 10
ECC84 0-27] EMS84  0-81 ] PL509  1-05 [ OAOL 0-07 | 0OC82DM 0-30 | 2N918  0-87 | 40668 125 § BFY51  0-20 | RASSIOAF 12AV6  0-40 75’
ECC85 038 | EM87  0-83 | pLeos  0.05 | OA200 0-07 | 0C83 025 | 2N1304 0-92 | 40660  1.40 | BFY52  0.20 033 | 124x7 050 | 4 oto Tube
EOCB6 075 |EY3l 036 | by g.ap | 0A202 010 |0CB3B 015 | 2N1306 025 | ACI26 025 | BS 045 | spois 028 025 1 76 0:55 By
pocs  o40 | E¥SS 040 [EXA 280 )oazo 025 |ocss 025 2Ni307 085|ACl2r 035 | Ban 0-47 | spges  ¢-31 | 12BA6  0-25 | 78 0-50 | CMG25  2:50
mooise oss | EYSL @40 ot R OA211  0-30 | 0CI22 050 | 2N2147 0-84| AC128 0:20 { BSY29 025! spo3s o032 | 12BE6 035 | 5o 0-55 | 9314 475
EY88 040 ) FY8 0AZ200 0551 QC139 029! 2N2411 150 | AC176  0-20 | BUL00 180 | SDo4 0-21 | 12BHY  0-23 | 7234/B .00 | 6097C  16-00
ECF80 081 | RZ41 0-45 | PY8L 0:30 4 0AZ201 0-50 } 0C140  0-40 | 2N2904A 0-25 | ACY17 025 | BYZ13 025 | sD9ss  0-46 | 12c8 0-30 | 803
ECFs2 0-31| EZ8%  0-23 | PYs2 030 0-80 1 0C170 . 025 | 282089  4.00 | ACY2S 017 [ BYZ16 0463 | Vaoss 040 | 1omy 803 550 !
ECFs3 067 | EZ81  0-24| pyss  oa5|0C20  040|0CITL 030 | 2N3053 020 ADI40 050 | CRS1/10 0-25 | zoastor 078 | 2E1 285 [805 1200 | Special Valves
ECF801 0-58 | 6234 052 | pyss 032 0C26 025 | oc172 0-37 | 2N3054 0°50 | AD161 0-35 | CR81/20 038 | ZR11 0-33 | 12K5 095 | 807 0-50 | CV2339 18-00
GZ37 063 00C28 0-80 | 0C200  0-40 | 2N3055 0-64 | ADI62  0-35 | CRS1/30 0-40 | ZRo1 0-46 | 12K7GT 0-45 | 813 4-00 | IPY/7D 35-00
ECH81 02| grg; 9.5 | Y800  0-35 | 0C29 0-60 1 0C201 075 | 2N3730 0-50 | AF118 050 | CRS1/35 0-43 | ZRoo 0-42 | 12K8GT 0-40 | 835 K301 450
ECHS3 0-40 | KTss 225 | PY80L  0-45 | OC35 0:60 f 0C206 095 | 2N3731 275 | AF127  0-20 | CRS1/40 0-48 12Q7GT 0-40 oy a7 K305  11-00
ECHS{ 040 |N78  160|QQvo . | OC36 056 |IN21B 030 | 3N4172  0-50 | AF18® 030 | GRS3/05 0.80 | ZENER 19567 o040 | 3| ka0s  1a80
EOLS)  0-40[0A2  038] $10 1010038 042 11N25  0-60| 82303 050 | AFLTS 048 | cms320 038 | DIODES | 135y ool oid AU ERS
0C44  017]|1N4s 010 3F100  0-62 | AF186  0-40 | GRs3/30 043 . 954 0-35 &
0045 . . . s All preferred | 194Q5 040 [ 955 0-35 | KRN2A. 315
45 0-12 } 1N70 0:07 | 3FR5 0-32 | ASY26  0-28 | OR§25/025 D e 19G:3 575 | 956 WL417A 185
VALVES AND TRANSISTORS | oc7o 012 liner7 0121 3N128 087! ASY2R 025 0-55 *w""“ageo,u 1968 58 9;7 ggg ST/onTE 35,00
Telephone enquiries for valves, MANY OTHERS IN STOCK including integrated circuils, C.E.T. 1w 0-37 | 19H4 5-25 | g01 0-40 | 5C22 22-00
transistors, etc., retail 743 4946; and_special valves. U. K. POSTAGE over £3 free, 5p for one valve 15W 025 | 20P4 1-00 | 2051 070 | T14AY  3-60
trade and export 743 0899. plus 1p for each additional valve or transistor, C.0.D. 20p extra. ™w 0-40 ) 25L6GT 0-45 | 5933 1-00 ' 725A 29-50
MARCONI TF 801B/3/S BEST PRICES PAID FOR TEST AND COMMUNICATION
TEST EQU]PMENT SIGNAL * EQUIPMENT. Single items or quantities. Private or Industrial.
GENERA- SPECTRUM
—_ Tor. ZRALYEER PLEASE NOTE
: PEOA1094
VALVE Spec. as for Z:'!q- range: Unless offered as ““as seen”
VOLTMETER TF 801D/1/S 3 to 30MHz
TYPE TF 058. except  for I eviainds, ALL E UIPMENT
Measures AC minor circuit

100mV; 150V DC
50mV | to 100V, changes e.g.
multinliert ex1tesr'|(t\1/s 1 and 2 MHz
ac range to 1-5kV, i i
Balanced input switched cali:
and' fceyglgqirco brator. P.O.A. & 30" secs.
scale for . §
up to 100MHz, TF 801D/1/S SIGNAL GENERATOR. C%r}:\pleteuzslsnhséra;enck
£27-50, Range 10-485 MHz in five ranges. R.F. output ‘II.VIF R‘Sg for,
01 uV-1v_source e.m.f. Dial calibrated in Price upon application.
volts, decibels and power relative to thermal ceup P
noise. Piston type attenuator. 50Q output
i d Internal dulati at 1 kHz

ordered from us is completely over-
hauled mechanically and electrically
Duration: 0.1, in our own laboratories
0,3, 1, & '

FOR EXPORT ONLY
TRANSMITTERS:

BC 610 Hallicrafters,

RCA ET 4336 also modified version of
increased output to 700w.

COLLINS TYPE 231D 4/5kw., 10 channel,
autotone and manual tuning. All above

TF 1066 Bj2 F.M. SIGNAL GENERATOR. i Y
Frequency range 400-555MHz in one band. a1 1 G genth, also extemal S a9 1 1370 R-C OSCILLATOR, SQUARE complete instailation and spare parts.
Glfpit: piston atcnuator 0-ANAGOMY 3i  Sibptor. Separsle R and mod. meters.  AND SINE WAVE FISRi SISO | R NE
50 ohms. int. mod. freq. 1 to 10kHz, ‘ext. 0.A. , output; sinewave: 0-31.6V rms., 10Hz-1MHz, c TR/‘\NS'MI“I"TERS
mod. freq. 100Hz to 100kHz, Freq. dev. up to JF 562B/3 Oscillator and Detector Unit, squarewave: 0-73.2pp 10Hz-100kHz. Attenu- C-13 TRANSMITTERS
300kHz, £225. Carriage £1-50. TF 12268 ator range: —50d8 to -+10dB. Impedance:
TF 1225A »>White Noise Test Set. 75, 100, 600S2. Price upon application.
TF 1258A VHF SPECTRUM ANALYSER ~ TMSTIA | BC 624 RECEIVER (Part of SCR 522 TX/RX)
for analysis and measurement of Radar TF 1104 VHF ALIGNMENT OSCILLO- 156 o valves, requires separate
vat:(uhlp;-;sﬂ':l F;ﬁggken:g'lnranggvxg t%{fg&Mgig SCOPE coml;ining sweep ggﬂ,ﬁ’a“’{' Logﬂ for"écsf/'. ?%22.50. Carriage 50p. V = A . T =
{0 SMHz, output pulse dolay (a) 85-175 uSec,  10MHz, 10Miz to 4OMH= and 41 to ZiomHz,  M.F. ABSORPTION WATTMETER TF P
(b) 0-7-1-4 mSec with X1 and X2 multiptier svveep' width 500kHz o 10MHz, output 957, Range: 1 to 100MHz, Power: 0, 1 to 25w, LEASE ADD
and -2, X1, X2 multiplier. Qutput 2uV to 100§V to 10mV. Markers 05, 14 5MHz. Impedence 5202 on 1W range, 70Q2 on 25W 0 N
zgrg;'nwllh X10 multiplier, £200. Carriage Price £120, ange. £22.50, Carrlage 75p. 1 OA)
al .
) TR 1143 TRANSMITTER RECEIVER

MUIRHEAD PHASEMETER. Type D729/ 100/126 mcs, requires separate PSU for 28V, ;g‘&'&_gglcxopss TO ALL ORDERS
AM and P.S.U. D720 AJS. Complete with Price £12.00. Carriage £1.50. 541 A—33MHz, plug-in Y amps.
manual, leads, as new £200. gg}.As'nggmHz, s%?ﬁ’ratg‘s.es.uéompad gg%ﬁ%gi’s%o ';rEYPg Z“” STORAthE

'—PACKARD — Zy SO 1 ' A = » n trolley, compiete
v;r_;;ol)_?mbalélvﬂl»gisl‘ilé%snintfﬂllfRPAUTLOs% rBE)\v;‘IEWH:PSAcMPLlNG OSCILLO- takes the joilownn_g plugs-lrt\s: X, Y, vanh plug-in trace shifter and two plug-in
UNIT. For testing radar, nuclednics, 'Scopes SCOPE WITH 188A DUAL TRACE differential, sampling, spectrum ana- amplifiers. £180 plus carriage.
;:ouniel;s, filters etc. SPEC. TF 14005, Rep.' - PLUG-IN. Fuli spec. and P.O.A, !gﬁlr'G-IN UNITS HARNEsb?xelslA" & “B" control units,
requ. 10Hz to 100 kHz, pulse width 01 — -20V. headphones, microph
1001 sec., delay —1-5 to p+3000u sec,, ri;g f,,’g',‘su,gg,},’i"ﬁ"ﬂ‘10“,"}?,‘3‘1&&” g:zom Mh?_'l;z g}l#ére:tai:f ggW-ggx ete. )
time < 30N sec. SPEC. TM 6600/S. As for T ic post. L—30 MHz fast rise time 5MV-20V. R.F. METER 0-8 amp. 2{" (U.S.A.) £1-80
TF1400S except pulse width 05 fo 951 sec, e e eaine pamc, bosl: B_High gain_ differential 1MV-50V. P.&P.15p. .
delay 0 to -+ 3004 sec. £230, surement: 0-10kHz, reads in seconds, N 800MHz sampling 10mV-cm. 29/41FT. AERIALS each consisting of ten
SIGNAL GENERATOR TYPE milli ds or microseconds, decimal R Transistor measurement, 8ft., §in, dia. tubular screw-in sections.
AN/USM.16 (MODEL BJ75A) point automatically positioned. Display P type callibration. 114t. (B-section) whip aerlal with adaptor
A precision HF/VHF signal generator on 6 neon lamp decades and 2 meters. 3A1—Dual trace 10mV-10V. to fit the 7in. rod, insulated base, stay plate
ombotving dacilitiy seld_ong foung nerat Complete with manual and following 3B3—Delayed sweep time base. and stay assemblies, pegs, reamer, hammer,
tained in one instrument. namely out u?s- plug-ins: 525A 10 to 100MHz, 525B 100 134—P6021 probe and current PfObg etc. Absolutely brand new and complete
of CW/AM/PM and s;lvept cinierp n to 220MHz, 526A video amplifier, Price gmpl(liﬂei.ﬂgmA-ﬁA p. & p., new an ready to erect, in canvas bag. £7.50. Carriage
the frequency range 10 to 440 MHz. Some of on application. quxs"'amen'f '

* the features of the instrument are: AUTO- 540B TRANSFER OSCILLATOR. 162 wave form generator. METERS [l List of our very large
fﬂﬁﬂ‘iﬁﬁ%&ﬁ?ﬁz STABILISATION Extends range of 524 and 5245 serles 163 Puise generator. INTEGRATED CIRCUITS Texas
Sy B e OSSR | it foovrte el Vi P EEoNE T TIE S
[} it 0,

OSCILLATION (for precise tuning hetwoen 0:5% accuracy. 500/250W MEDIUM WAVE BROAD- 10 line MAGNETO TELEPHONE * "
gryFsi'al check points) MARKERS (for %ancw'cncmv‘e':; l;olwsnmtsr‘_fs% CAST TRAluler:!TTERS- Price and SWITCHBOARD

M) omplete wi olo mount, details on application. 100 tine AUTOMATIC PRIVATE
g;_lifuigﬁ;:ﬁ!fﬁ&z:{;sé.;z%u:?gglgrt::t&h:y:s, tunable bolo, BM16 waveguide, &£95. v TELEPHONE SWITCHBOARD
of operation CW-Hi, CW, CW (calibrated and 205AG AUDIO OSCILLATOR. Low M.O, for ET 4336 TX {(see description in 50 line AUTOMATIC PRIVATE
stabilised), AM-400Hz and 1kHz and external, distortion, 20 Hz to 200 kHz, metered previous issues) £8:50. P. & P. £1-30. TELEPHONE SWITCHBOARD
S My 00 058 s JooONre s, Shabling 8 very wits rangs of massure. ARSS SPARES. W nold the largest siock  Price of each of the above on appilgation.
resp., P.M. —50 to 5000 pps at 1 to 3Dsec, ments to be made on amplifiers, filters in U.K. Write for list. N RADAR SCANNER ASSEMBLY TYPE
width Int, or ext., 150 15 5000Hz Ton rate. etc. £125, ' ' 5 PHASE AUTC F"Az':?;gsw&ks'v ‘e C8 Parabolic assembly 17", Complste
3 meters for; mod. and dev., frequency dis- 200CD WIDE RANGE OSCILLATO input 400v, wye oulput, 281 : arriage sa-500" . e o

t R. . by Westinghouse of USA. Carriage £2-50.

crimination pulse level output. With manual. 5 Hz to 600 kHz, £60. EﬁngAnewaigeoriglnal k0.0 Includ!

Complete specification and price on
application. UK transport. Co Lo M O R (ELEC:’]I_!SNICS)
Open 91230, 1.30-5.30 pm. | TELEPHONE ENQUIRIES [0 < 7557 SSRUEaNT """ | |170 Goldhawk R., London, W.I2
except 'l'hursday 9-1 pm. To view TEST EQUIPMENT please phone for appointment Tel. 01 -743 0899
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| I.L.P - (Electronics) Ltd

100 WATTS!

% NO EXTERNAL COMPONENTS

v MECHANICALLY & ELECTRICALLY ROBUST
% INTEGRAL HEATSINK

% HERMETICALLY SEALED UNIT

% ATTRACTIVE APPEARANCE

% LOWCOST

% BRITISH BUILT

With the development of the HY200, ILP bring you the first COMPLETE Hybrid Power
Amplifier.

COMPLETE: because the HY200 uses no external components!

COMPLETE: because the HY200 is its own heatsink!

By the use of integrated circuit technique, using 27 transistors, the HY200 achieves total
component integration. The use of specially developed high thermally conductive alloy and
encapsulant is responsible for its compact size and robust nature.

The module is protected by the generous design of the output circuit, incorporating 25amp
transistors. A fuse in the speaker line completes protection.

Only 5 connections are'provided, input, output, power lines and earth.

Output Power: 100 watts RMS: 200 watts peak music power

Input Impedance: 10KQ

Input Sensitivity : ODbm (0.7 75volt RMS)

Load Impedance:4-164

Total Harmonic Distortion: less than 0.1% at 100 watts typically 0.05%
Signal: Noise: Better than 75Db relative to 100 watts

Frequency response: 10Hz-50KHz + 1Db

Supply Voltage: +45volts .
APPLICATIONS: P.A., Disco. Groups, Hi-Fi, Industrial.

PRICE: £14.90 inc. VAT & P & P

Trade applications welcomed

DELIVERY FROM JULY 1st

CROSSLAND HOUSE - NACKINGTON° CANTERBURY -KENT

CANTERBURY 63218

WW-—093 FOR FURTHER DETAILS
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l RAN N I E £1 9'50 GITAL CLOG
E L E C R 0 N I C S (For complete kit of parts including case.)
I ThlsI 4bldlgle 24 I:lour clockhus
available to readers at this
| DOCKYARD, STATION ROAD, Special * price,* Parts " would
normal . .
OLD HARLOW, ESSEX Phone Harlow 37739 parts Inciodes " twerve lear
] ) in |cators,asmartwhlte plastic
P/P 10p. Price list S.A.E. (Saturday callers welcome) case and P.C
ALL PRICES INCLUDE VAT
- R
74 Series TTL Electrolytic BARGAIN
s o2 L2 . s |Capacitors PACKS
SN7401  16p 15p |SN7425  55p 50p p i5p p T2
SN7402 u: I5: SN7427 - 49p 46p | SN7453 16p 15p | SN7491 [1-10p 1-04p 4 VOLT 16 VOLT 40 VOLT
SN7403  I6p I5p|SN7428  77p 72p|SN7454  16p 15p |SN7492  74p 72p | 47uF 63p | ISpF 61p | 47uF 61p | Unmarked
SN7404 16p 15p | SN7430 16p 15p | SN7460 16p 15p | SN7493 74p 72p | 100pF &1p | 33uF 6ip | 100uF 9 | Packs
SN7405  16p I5p |SN7432  49p 46p |SN7470  33p 29p |SN7494  85p 72p|220uF éip | 150uF éip | 68uF 10p Pack of 25
SN7406  38p 35p |SN7433  94p 82p [SN7472  33p 29p|SN7495  85p 72p | 330pF éip | I50uF 8p | 220uF lp IN4148
SN7407  38p 35p |[SN7437  72p 69p |SN7473  4lp 39p |SN7496 = 95p 92p | 1000uF 13p | 220pF 9p | 470pF 190 55p
SN7408  20p 18p (SN7438  72p 69p (SN7474  4ip 38p [ SN74100 1-80p 1-75p { 4700uF 29p | 680uF 17p | 680uF 25p
SN7409  20p 8p |SN7440  Iép I5p |SN7475  50p 47p | SN74104 1-09p 1-06p 1000pF 17p | 1000pF 25
SN7410 17p  15p | SN7441 74p 70p | SN7476 44p 43p | SN74i05 1-09p |-06p 1500uF 25p | 2200uF 44p Pack of 10
SN74!1 27p 25p | SN7442 74p 70p | SN7480 73p 70p | SN74107 44p 42p 2000uF 43p BCl08 65p
SN7412  38p 35p|SN7443 1-43p 1-37p | SN7481 1-32p 1-26p | SN74110  6ip 5% BC107 &h
SM7413  32p 29p |SN7444 1-43p 1-37p |SN7482  97p 95p [SN74II1 1-37p [-27p | 6'3 VOLT {Plastic can)
SN7416  47p 43p | SN7445 2.00p 1.92p | SN7403 1-20p I-I5p | SN74118 1-10p 1-05p | 33uF 6ip
SN7417  47p 43p | SN744¢ 1-07p 1-02p | SN7484 1-10p §-05p { SN74119 1-47p [-37p | 68uF 6ip
SN7420 i6p I5p | SN7447 1-10p 1-03p | SN7485 3-96p 3-85p | SN74121 44p 4lp | |50puF 6ip 25 YOLT Pack of 10
SN7422  55p 50p | SN7448 1-i0p 1-03p { SN7486  36p 35p | SN74122 1-54p 1-43p | 470uF p | o o Plastic BC109
* Devices may be mixed to qualify for Price Breaks 680pF i3p 22’:”: 6-}: 65p
* 100 Plus less 10% off 25 plus break gggﬁ; :g: 17uF 6ip |
: 100pF 8p
Linear |ntegrated CIrCUItS 3300uF  26p cobr sp| 63 voLT Bcf:;'”“"ss.,
301 DIL 50p | 723¢ 99p 220uF 10 | j,F 61p (unmarked)
301 TO% 55p | 723¢ rTO99 95p 470uF 13p | 2.0,F 6ip but tested
301 8 PIN DIL 46p | 74lc 8 PIN DIL 38p 680UF 20p | 4.7hF éip
014 oL 4 EoH IT“o';leN Pit ﬁp 22, lFo vou;% {2883.5 g: fbaurf ﬁp 2N2646
301A TO9 69p | 74lc P m p i ip
301A 8PIN DIL 6p | 747¢ DIL 46p 47F 6ip | SO00uF  68p | 29, 6ip (unmarked)
30; %.99 :gp 748¢ DIL 3% Izggﬁ'; ﬁgp ?ggFF :tllp 33p each
P i P
37 SPNDIL 86p | 148 TO% Ate 3300F 100 150pF 13
308 TO99 64sp | 1437 DIL 1-27p. 4704F lop| 40 VOLT |0he 19p Pack of 10
308A TO9? 6-40p | 1458 TO9% 1-27p 1000uF lip | 6-8uF 61p | 330uF 22p | 2N2926G  65p
709¢ DIL 35p | 3046 DIL 84p 1500uF 20p | 5uF 6ip | 470pF 26p unbranded but
70% TO99 3Ip 17503 DIL N 1-27p 2200uF 24p | 33uF 64p | 1000pF 44p tested
Transistors m u?lh%ﬁgg.vlzgsl;\tiil-g?;is €280 SERIES Unmarked bue
. ully teste:
107 16p | BCI38 36p | BF260 29p | OC44 14p | Diodes & 250V P.C. mounting: 0-01pF, 0-015uF, 0:22F, 33p, 0-33uF, 0-047uF, 0-068uF, 4p. 2N3055
ﬁglzs u: BCl42 33.': BF329 m.'; oC45  l4p m;eli:ima (Il;luF,l 45“? g-zlgu;. 20};%2;;!;,:&1:. 0-33pF, 7p. 0-47uF, 93p. 0-68uF, 12p. 1-O4F, | 19 33p
ACI27 I3p{BCI43 33p |BF330 18p|onc70 23p p p. 1-5uF, « 2:2pF, . 10 plus 27p
I R Bl b B 32(oc7i p|[N7l% 85 | MULLARD POLYESTER CAPACITORS C296 SERIES
ACI41K 20p | BCI47 9p | BFX85 35p |OC72 Mp [1s44  10p | 400V: 0-00IuF, 0-0015uF, 0-0022uF, 0-0033uF, 0-0047uF, 24p. 0-0068uF, 0-CIuF | FuLLY
ACI76 15p | BCI48  9p | BFXB6 22p | OC8! 14p | IN4007 22p | O-0I5uF, 0-022yF, 0-033uF, 34p. O-047UF, 0-068uF, O1uF, 4ip. O-I5uF, é3p. | MARKED
ACI87 13p|BCI49 9p|BFX87 28p|o0cCs3 22p|IS1i3  17p | O:22uF, Bip. 0-33uF, 12p, 0-47uF, l4p. TYPES
ACI87K 20p | BCI53 16p | BFX88 26p | OC84 28p [ 1S120 17p | 160V: O-OIuF, 0-015uF, 0-22uF, '0-0334F, 0-047uF, 0-068uF, 3p. O-IuF, 3ip. ADIEI. ADI62
ACI88 13p [BCI54 I7p{BFY50 2lp | TIP29A s3p lg&l) |;p 0-15uF, 4ip. 0-22uF, 54p. 0-33pF, 64p. 0-47pF, 8Lp. 0-68pF, I2p. |-OuF, i4ip. (¥Fs
ACI88K 20p [ BCI57 13p [ BFY5I 17p | TIP30A 6dp | | P 9 65
ACYI7 24p | BCIS8 12p |BFYS2 170 | TIP3IA 64p|1SI31 1lp | VOLUME CONTROLS - 10 plus 60p
ACY18 2Ip | BCI59 14p | BFY64 39p | TIP32A 73p| 15132 13p | Potentiometers RECTIFIERS
ACYI9 25p | BCI67 I3p sgwo {;p TIP33 £1-95 }gggg gp f:;b:rn'_ti;aeca!fom to 22MQ P.LV. | AMP 1-5 AMP —_—
ACY20 22p [ BCI68 11p | BSX20 19p | TIP34A p | L .
ACY2l 23p |BCISY Iip|C407 22p £1.54 (15923 13p | Single 13p. Dual gang (stereo) 44p 169 INioo g Pid001 2o BCIO7-BS108
R bl S o v b bbbl W R
1 P p P 400 IN4004 6ip PL4004 10p 10-99 %
ASite 0 |ciom sp| Cht, NP | Ten,,., (AN 1le | SIDE POTENTIOMETERS | b NN 8 RSO He | e &
DI43 39p | BCISAL 9p | MPBII2 42p | TIP41A 79p | AAZI3 1P | 58mm. TRACK 800  IN4006 9p  PL4006 I5p
ADI4S 38 | BC186 335 | MPSII3 35p | TIP&2A 9lp (AAZIS 4p | SINGLEGANGED, LOGorLiN lkeo | 1000 IN4007 [0 PL4007.20p :
ADISO 60 | BE202L Tip | MPBI2I 33p | 2N706' 13p | AAZI7 i4p TWIN BANGED, LOG or LIN Ik to BC leal: >4
ADIél 35p *BC2I3L lip | MP8I22 44p | IN930 23p [BAI0O 16p | [ytiN SANGH ° 1-9 lp
ADI62 BC214L 1ip | MP8I23 50p | 2N1131 22p | BAIO2 25p - 66p . . 10 plus 10p
QD IMINSD gg%gg ;p nﬂ%:{ﬁp %méfg gp BAII5 8p | CARBON SKELETON PRESETS | BRIDGE RECTIFIERS
4p P P P | BAI44 14 Small high quality type (linear only). EA'A P 2 AMP 5 AMP [0 AMP
AL L | B e | NeTi SR |\ BT Bl | oA1SS sip | ATabSBSSRATI | T LA SR A | aciararacis
- att C!
Alls 4z |20 e\ Nee) e | NIOAA 1A, 1ap | 2Swae __ dlp oh o S T
AFI24 27p | BC302 30p | NKT27420p | 2N2905 46p | BAX|6 14p | VEROBOARD 015 0 400 40p 64p £2.15p £242p pius P
AF139 39p [ BC303 50p | NKT27525p | 2N2924 18p | BAYIS 19p Matrix Matrix | 600 44p  66p  £2:42p £2-75p
AF239 4ip [ BC304 40p | NKT40371p | 2N2926 10p | paY3| 9% 24in. X 3%in. 19p 26p 800 49p — —_ —_ ZENER
ALIO0 77p | BCY70 17p | NKT40583p | 2N3053 26p iy 100 195 | 2%in. X Sin. 28p  28p . DIODES
ALI02 66p | BCY7I 37p NKY603F 2N3054 ssp P | 3%in. X 3%in. 28p  28p 400 MW 5%
ALIO3 55p | BCY72 17p 2N3055 52p | BYI26 16p | 33%in. x 5in. 33p 32p Miniaturn > 7°
ASY26 31p [BCI23 66p NKT6I3G 2N3405 44p BYI27 19p | 5in. x I7in (plain) 94p  — THYRISTORS R e ange
ASY27 40p | BDI23 66p 33p | 2N3663 57p | BYKIO 24p | Vero Pins (bag of 36), 22p BZy 30 Rang
AUI03 99p | BDI30 50p | NKT67426p |2N3702 9p [ OA5 19p | Verocutter,50p; Pin insertion Tools | piv. 50 |00 200 300 400 i v
AULIO BDI3I 68p | NKT677G 2N3703 9p [ OA9 11p | *(0-F and 0-15 matrix) at élp. 1 Amp 28p 25p 4lp 44p 53p Y h
autt $770 | BB13E 5| NiT713325 | ANares 95| OAI0 b | SLIDE switcH 3Amps 4dp S S0p — S e
BCI07 9 |BDI36 50p | NKT77327p NaToe o g:% :p SPST 11p each. D.P.D.T. 13p each, 7Amps —  96p £1-01 — £1-24 : "y
BCI08 9p BDI4I €187 | OCI9  36p | IN3707 9P P watt
BCIO 9% 50p | OC20 65p [2N3708 9p | OA73 lip mv"\"l'h’,\‘}ﬁl :‘SEOSN ILA4TPSach All voltages
BCII3 15¢p BFI59 33p |OC23  40p | 2N3709 9p | OA79  8p or =4 5p, 5 plus 41p each.. 6:8-200 Volts
BCIl6 16p | BFI73 29p|OC25 38p2N3710 9| 0A8l 9p | MINITRON DIGITAL RESISTORS 14p each
gg:%g ;g: g;:;; %3: ocis  49p %“%4 I;; OA85 Ilp }{NIZI%AgTOdeTYPEI 30I5F iwact ?;/g/ carbbon 1? eachh _
eads 0-9 an ecimals watt carbon Ip eac
BCIZ2 lév | Brirs 3% pgind - 2Nsais 280 oas o (Data Sheet on request) { wattID":carbor;Z;p each 10 wace 5%
ange [0 ohms to 47 meg. oltages
BCI35 16p | BFI95 17p|OC36 50p (40362 50p|OA95  8p | |6 DIL Socket 33p *wf:c m/fo 2% 3p each 8 7-5-100 Volts
BCI37 16p |BF244 27p{OC4l 14p|4063¢ 50p | OA200 Ilp | Driven by 7447 £1-05 Range 10— meg ohms 5lp each
R A = e —




262 Wireless World, July 1973

NEW laANcnis MAGNETIC HEADS P.O.A.

COVENTRY

NOW O 210028 RCA 303462 RCA.............. 7 TRACK
DERLAND STOCKPORT 259019 RCA. 1215872 TYPE 1301 7 TRACK
SUN 257124 RCA. 5007821 POTTER, 7 TRACK
282812 RCA. .. 19467 EPSYLON.. . ......8 TRACK
B RIIN G H AN 3031 . Western A veed.) 303489 RCA. 76815/948 BURROUGHES 9 TRACK
BOLTON 23 Deansgate Opens soon 73927 RCA. . 652623DRI 12/101...... 12 TRACK
BRADFORD 10 North Parade (Closed Wed ) HI-F1 CENTRES LTD 303464 RCA L6561922 DRI FR3000....16 TRACK
COVENTRY 17 Shelton Square_ Tel : 2 TRANSISTORS & DIODES
BANLINGTON 15 Northoate (Closed Wed) MAIL ORDERS fo: 6 sse/0013s
DERBY The Spot, 26 Osmastlon gdw . 108 HENCONNER LANE, LEEDS 13. 2N457 ... AF117 2 /
EDINBURGH 101 Lothian Road (Closed Wedy ~ lems GW.O. ‘éiﬁao ol’ver” o as tare Nioa ) BC107. zm oe/2N71 18"
GLASGOW 326 Arayle St. (Closed Tues.) Trade supplied. S.A.E, with 5 sraved. 2N1557 BC108 ... .vvuvvn.sBD OAB......vun...

HULL 7 Whitefriargate (Closed Thurs.)

. by (Mecea) Arcade, Briggate EXPORT ENQVIRIES szcouz 2N3055 .. BC109 0A1 0.
LEEDS 5.7 County (Mecca) Avcade, Drigoats BRANCHES OPEN ALL DAY SATURDAYS 2N3322 ... 0C35.. RASBOSAF
LEIGESTER 32 High St {Qloses Thice) AND OPERATE A 5-DAY 2N3553 ... 0c42.. 8OOPIV ... ..e's 50p
LIVERPOOL 73 Dale St. (Close Wed.) MAIL ORDERS NOT TO BE BElﬂ‘ I‘O snors. aNB322 . . ..80p  OC71......... RAS310AF 1000v Av.

sed Thurs )

LONDON 238 Edgware Rd,, (CI NOTTINGHAM 19 Market St. (Closed Thurs.) AC126 1.5a 2 fot 50p
m,'gi_ggﬁgﬂ,gga,,g{;‘ph:,;";;gg;gggg Wed)  SHEFFIELD 13 Exchange St. (Closed Thurs.) AC127 .. STC Wire ended 400PIV

AC128.
AF115 ......

NEWCASTLE 24 Newgate Shopping Centre STOCKPORT 8 Littie Underbank Tel. 480 0777 1a 4 for 50p

¥l (Closed Wed.) Tel, 21469 SUNDERLAND 5 Market Square (Closed Wed. )
R.S.C. G66 MkIl 616 WATT STEREO AMPLIFIER

BRIDGE RECTIFIERS

High Quality Output. Rating LH.F.M, Ind. Ganged Contro| Checked and tested....... £37.50 1B40KO550v4a,.,...0vvvnins 95p
Treble, Vol. and ]};alance S%hd state constr. emg:loyigg 10’8'1‘?:;: RECTIFIER STACKS SWITCHES ) )
plus diodes. Range 20-20,000Hz. Bass control & 12 dB Treble GEX541B1P2 ..... £6-88 Edwards High Vacuum “Speedivac’” model
= 13 dB, Selector switch P.U, or Tape/Radio. Output for 3-15 ohm GEX541B1P1 ..... £3-50 VSK1B range 25-760 torr contact ratings
g;eafegs] S‘and:;i‘ 200- 2150: 5‘:1 Hz mains operation. Attractive GEX541D2P1 ..... £3-50 250v. 5a. volume 4-2 cu. cm. max. working
acl/Silver metal face plate and matching knobs. GEX541NB1P1F. .. £6-00 pressure 15lb/sq. in. gauge net weight
COMPLETE KIT OF PARIS INC. £1 265 OR FACTORY BUILT IN £16‘50 GEX541HP3F .. ...£6-00 17025, ity £6-20
FULLY WIRED PRINTED CIRCUIT TEAK VENEERED CABINET SX751N1B1P1F .. .£6-00 Belling Delay hand reset L41

DIGITAL COUNTERS . Stackpole min. rocker 125v, 10a.
Veeder Root Zero Reset Ba. e 20p
6 dig. 110v. dc....£4-75 Tippalite Rocket 12v................ 60p
Veeder Root Mech. Reset Securex 5000 press button 250v. ac..£1:20

i 50p TELEPRINITERS

Creed model 75 Receiver — 5w Mk 4ung§ed

with connectors handbook & computer wiring

diagram £35.00 carr. £1.00.

R.S.C. SUPER 30 Mklll HIGH FIDELITY STEREOAMPLIFIER
BUILD AN AMPLIFIER WOBTH APPROXIMATELY
DOUBLE THE KIT PRICE INCLUDING CABINET
Only high grade components by leading manufacturers
* Push Button Selector Switehing For Magnetic or
* Juok ‘Sooket for Headphones Geramic Piok-Ups

" regardless of Price
* Neon Indicator Output (per channel)

Reset 6 dig.
210Q2 24v,.,...... £3-50
Hengstler Reset 6 dig.

N i 0 16 watts RMS into 80 _
: 8“,‘“ Silver F’.lt“’h Metal Fascia Frequency Response COMFPLETE KIT (lesa 110" Type 400 W“h sup RELAYS .
Solid State Cireuitry 7Hzto 70 KHz  cabinet). Oarr. £2] 5“ ------------ Varley Min.700Q212v.................
* Twenty Silicon Transistors + 1t dB Cabinetifreq.£5 extm INTEAGC;*S‘Z-IED G'chﬂ% Siemens Min. 12/15v...... .
* Four Dicdes, Four Rectitiers FACTORY BUILT UNIT INC. CABINET £A rn | § 2 MC3544.......... Magnetic Dev. Type 596E,
8 :u;AE for tull descriptive lestlst with 12 months’ guarantee. Or Dep. £7 and £42'50 MC353G ... ..£2:00 BR Type M51 240v.. .............
end 3.4.5. D ealle 9 monthly payments £4-54 (Total £47-86) MC358AG .£500 RI
R.8.C, STEREQ FM Il TUNER. Visually matches Super 30 Mk. III in cabinet £37-50 MC3666 . £500 VA z;,\-(‘:,,s.; trak Type V6M Inp. 136v. &
20 .. ...93 i uratra ype np. v,
ULTRA I."G H PoWER LUUDSPEAKEHS 22382, £312 115v. Outp.135v.at6a.............. £6-00
CA3055 . L£1-24 Philips Series E401 inp. 240v. Outp. 0-270v.
Puwer Rating R.M.S. continuous. 2 years guarantee. Carr, free CD4035AE . ..., £191 at8amps .............. £15-00 carr. 67p
12" ‘Pop’ 50 W&tts 15" ‘PoP, 60 ngts 18" ‘POP, 100 “an&s THYRISTORS KEYBOARDS — special sale of Limited Quantity
150 8150 815 GE2N1774 200v. 5a.£1-20 ICT Alpha Verifier ......... £6.00 carr. 50p
£ I I .99 1) £ I 4.75 o £25,95 Sisn .CR1-021C 20v. 1. .+ .25p {CT Numerical . .. " £3.50 carr. 35p
Gauss Gauss Gauss CR_]" 0-101B 100v, £1.00 ICL Alpha Verifier (PN7035 130} . . . .. ££217 gg
........ £7 carr. £1.

Or Dep. £2 and 9 monthly Or Dep. £3:30 and 9 monthly Or Dep. £6:00 and 9 monthly ‘

payments £1-33 (Total £13-97) payments £1°50 (Total £16-80) payments £2-49 (Total £28- 41)

Pair suitable for all purposes.

SUITABLE FOR BASS GUITAR, ELECTRONIC ORGAN, etc.

R.S.C.AI030
WATT Hi-FI
AMPLIFIER

Including
ind. contro]led
inputs

Separate Bass and Treble Controls, Valves
EFSG EF86, ECC83, GZ34, EL34, EL34.
Sensmvity 36mV, For High Imp, "mic. or
pick-ups. Designed to high fidelity standards
for CLUBS, SCHOOLS, THEATRES, DANCE
HALLS, DISCOTHEQUES, etc. For use with
Electronic Organ, Bass or Lead Guitar. For
@ram, Radio or Tape. For 3 or 15 chm speakers.
Twin-handled metal cover £2- 10 £21 75 -
FACTORY BUILT with
months’ guarantee. Or Dep. £4 and 9 monthly
payments £2-27 (Total £24-43) 8. A.E. for leaﬂet

PULLY GUARANTEED, Inmlu.vod and {mpreg
where necessary, Primaries 200-250y. 50 Hz. Semned
MIDGET cLAn!PED TYPE 2} <2 x2%in.

280v., B0mA, 637,280, .. 0vireriirenanns £110
260-0-250v., 60mA. .3v. 2a.

FULLY SEROUDED UPRIGHT uommrm
250-0-250v. 60m A., 6.3v. 2a., 0-5-6.3v. £1-55
60-0-250v. 100mA, 6.3v. 4a., 0-5-6.3v. 33 £2-45
300-0-300v. 100mA, 6.3v. 4a., 0-5-6.3v. 3., £3-45
300-0-300v. 130maA, 6.3v. 4a., c.t., 6.3v la.

For Mullard 510 Amplifier............ £2-95
300-0-350v. 1001nA.,, 6.3v, 4a., 0-5-6.3v. 3a. £2-45
350-0-350v. 150mA. 6.3v. 4a., 0-5-6.3v, 3a. £23-05
425-0-425v. 200mA, 6.3v. 4a, c.t., bv, 8a... £5-
425-0-425v. 200mA, 6.3v. 4a.,6.3v. 3a,5v. 32 £5-60
450-0-450v. 250mA. 6 3V, 48, C.be, 5V» 34 £5-00
TOP SHROUDED DROP-THROUGE ' TYPE
250-0-250v 70maA, 6,3v. 2a., 0-5-6.3v. 2a... £1-49
260+0-250v. 100mA, 6.37, 5.50.. .
250-0-250v. 100mA, 6.3v. 2a., 6.3v.
350-0-350v. 80mA, 8.3v. 2a., 0-5-6 3v. g
250-0-250v. 100mA, 6.3v. 43,. 0-5-6.3v. 3a. 2245
800-0-300v, 100mA, 6.3v. 4a., 0-5-0.3v. 38, £9'4
300-0-300v. 130mA, 6.3v. 4a. ot.6'3v. 1a. £285
Suitable for Mullard 510 Amplifier
850-0-350v, 100mA., 6.3, 4a., 0-5-6.3v, 3a. £2+45
350+0-350v. 150mA, 6.3v. 4a., 0-5-6.3v. 3a. £2- 85
FILAMENT or TRANSISTOR POWER PACK T,
6.3v. 1.0a, 55p: 6.3v. 2a. ; 6.3v. 3a. 8 p,
6.3v. 6a. £1-45; 12v. 1a. 61p; 0- 9 18v. 13a. £1-25;
0-12-25-42v. 2a. £] 95312y, 3a.0r24v. 1.5a. £1:50;
CHARGER 'I‘EANSFORMEH.S 0-9-15v. 1}a. £1-10;
2}a £1 25, 3a, £1-40; 5a., £1-60; 6a., £1-85;

822
AV‘I‘O (Step UP/8tep DOWN) Transformers
0-110/120v v 200-230 2507, 50 80 watts  £1-25;
£2-10; 250w., £3 00; 500w., £8~40

DUTPU'.I.‘ TRANSFORM
Standard Pentode 5, 0000 07,0000 to 30 55p
Push-Pull § watts EL84 to3QorlsQ... 8951
Push-Pull 10 watts 6V6 ECLS6 to 3, 5, 8 )

orlsQ .. .
Push-Pull EL ori6g 10-12 watts. . £1-50
Push-Pull Ultra Linear for Mullard 510, ete £2:45
Push-Pull 15-18 watts, sectionally wound

6L6 KT66, etc., for 30r16Q..vovvese. £2-20
Pash-Pull 20 watt high quality sectionally
wound EL34, 61.6. KT66, etc.to3or1502  £3-65

BATTERY/MAINS CONVERSION UNITS

R.8.C. BM1 battery elimina-
tor completely replaces 1-5v.
and 90v. Radio batteries
where normal 200-250v. AC

Bty v €4+15

i y
FANE SPEAKERS POP’ 25/2
Dual Cone 15 ohms
NOT for Bass Quitar.
£7 9 Or Dep. £1-25 and 9 mouthly
payments €9p (Total £9.26)
Teak veneer finish, Pleasmg design.
Acoustically lined. All sizes approx.
JE8 16 x11 x 9 in. Pressur-
ised, Excellent results £5'50
:E‘tsh 18 in, l?-Fi Speake]z{“.
or optimum resulls
with any 8 in, H'-F‘ .
Speaker. i’gxlo‘l = £6 50
SE10 outstnnding performance with Hi-Fi £6,75
10-in, speaker, 253 x 16x 9 in. Ported.
SE12 for high gra.de results with
12 in. Hi-Fi speaker and Twester. £7,95
283x16x9 in. Pressurised.
FANE 807T HIGH FIDELITY
SPEAKER 8" 10 WATT
A full range unit to provide excellent
gound guality in suitable enclosure.
Roll P.V.C. cone surround and long
throw voice coil to achieve very low
fundamental resonance of 30 Haz.
kST Tweeter cone extends high note
responde., Frequency range 25-15,000 Hz. Imp.
3 or 8150y, (state requirement,) £3,7o
REMARKABLE VALUE
MODEYL 803T 8" 15w. wx}{t}l} paéasltlc Tweeter.
R 25 Hz to 16 7z, Gauss
1‘;?)%%“.%&:11) 3 orZS 105 ohms. £4 95
FANE MODE ONE
HI-F1 SPEAKER KIT
inc. 803 8” unit, 303 Pres-
sure Tweeter, Printed cir-
cuit, inductive capacitive
cross-over, acoustic filling
R panels, scr%w&f& . Post free
egponse
30. s20 000 Hz £9-96
AUDIOTRINE RANGE
Heavy construction. Highly

Plastiflex cone surrounds,
“D” indicates Tweeter cone
providing frequency range up
to 16 KHz. Exceptional per-
formance at low cost.

HF 808T..8" 10W £2-08
HF 102D.10" 10w £3-30
HF 120...12° 16W £4'95
HF 120D .12" 15W £5-50
HF 196...12° 15W £8:35 req

HF 126D,12° 16W £685 3 or8- 15 ohm.

HI-FI SPEAKER SYSTEMS

Audiotrine 121K. 12 in, 15
watt. 11,000 Gaunss base unit.
Cross-over unit and Tweeter.

frequency range ensure re-
alistic sound re-

prcductign s3p £6 ,so
£7-65

Audiotrine 125K with extra sensi-
tive 15,000 Qauss 12 in. speaker.

Smooth response and wide -

“DIMMIT"’ Module PMSD-1000
1KW Dimmer used by Industry Theatre Disco
240v Full Radio & TV Interference Suppression
Fibregiass PCB 60mm shder pot. permits linear
control from min. to max. power using Triac
Phase Control fused for O/L protection Dimen.
STC 3/40 400v.3a....50p 12 x 5 x 4 cm knob faceplate screws supplied
CONNECTORS £6.50 pp 20p.
McMurdo Red Range. Plug RP24..........................
McMurde Red Range. SKT RS32...
Eng. Elect. Edge. 36 way 0-2mm.
Syivania Edge. 48 way O Imm. .......c....oviiieiiiiannn.. .. ..
Ultra Gold-plated Contacts. 0-imm Type10M 54631263C 38 way. .. .pair £2-00
2

0 way....pair £1-60

CAPACITORS
Daly Electrolytic 9000 uf 40v 50p; CCL Electrolytic 2500 uf 100v DC 78p; Dubilier
Metallised Paper Type 426 100uf 150v. DC 50p; R.LC. type 1297 1.8uf 440v,

CR10-021 10a. ...,
CR10-40B 10a.....
CR10-05110a. .... £1-00
CR1O 01710a ..... £1-00

AC 35p.
MOTORS
Crompton Parkinson 240v. 1ph 50c 0-125hp 1400mpm. ......... £5-00 carr. 67p
GEC fractional 1/12 hp 230/250v 1ph 50c 2850rpm............ £3-50 carr, 67p
E.E. £hp 230v. 50c 1ph 50c. 1440rpm complete with cap 80/100uf 275v. . Ez? 8g
catr

76813-393 Poner Instr. 110v. DC 4amp 0-2hp. Cont. flange mounting precision
tape transport motor (£80 value) .£2500 incl. carr,

FANS, CENTRIFUGAL BLOWERS AND

STARTERS
Airmax Type M1/Y3954 (3 blades) Cast
Aluminium alloy impeller & casing (comes-
ponds to current type 3965 71”) 230v.
1ph 50c 2900rpm Class “A’ insulation
425c¢tm free air weight 94lbs, incl. p.p
£21:00.
Woods Aerofoil short casing type “S”
2700rpm 220/250v 1ph 50c 6 plastic
impetlerincl. p.p. £11-50.
Woods Aerofoil Code 7.5 280K 200/250v.
1-0a 1ph 60c 2700rpm 74 impeller 14
blades incl. p.p. £13-50.
Service Electric Hi-Velocity Fans, suitable for Gas
combustion Systems. Steam exhausting, Pneumatic
conveying, Cooling Electronic equipment, Air blast
for Oil burners. Secomak Model 365 (corresponds
to 578) Airblast Fan, 440v 3ph 50c 0-75hp 2850rpm.
continuous 160cfm 12 in w.g, nett weight 44lb
price incl. carr, £41.00. Secomak modsl 350 250v
1ph 50¢ 04166hp, 2800 rpm continuous 50cfm 2 in.
w.g. net weight 34lbs, price incl. carr. £26-00.
Alr Controls type VBL4 200/250v 1ph 50c. 110¢fm
free air weight 7£ibs price incl. p.p. £14-50. -
Wiliam Allday Alcosa Two Stage Vacuum Pump
Model HSPOB 8hg up to 29 in. mercury rpm 1420.
E.E, 3 phase induction, motor +hp cont. 220/250v.
380/440v.£21-00incl. cart.
Alan West Direct-On SCF Starters 240v. 1ph 50¢
hp.0-5 & 0-25, new, unused £5-75 p.p. 29p.

Where p.p. not advised add 10p per £ handling and post (in UK).
Cash with order. Personal calletrs welcome. Open Mon-Wed.

Fri.-Sat. 9.30-5.00. Closed Thursday. Free Car Park adjacent.
PRICES SHOWN ARE EXCLUSIVE OF V.A.T.

W. & B. MACFARLANE
126 UXBRIDGE ROAD, HANWELL, LONDON W7 3SL

WW—094 FOR FURTHER DETAILS
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ATTRACTIVE

DISGOUNTS

ON VERY MANY ITEMS
WHEN YOU BUY FROM US

'ELECTROVALUE

Electronic Component

a63

Specialists

RESISTORS—109%, 5%, 29
, 9%, L% \
Code Power Tolerance Range Va;ugls 1to(9 10 ioﬁ9| 100 up TRANSISTORS BY SIEMENS AND NEWMARKET
available see note below)
o3 1/20W 5% 82Q-220K) E12 8 7 2N3055 npn silicon power 60, i
1 I3 4TO4T0KE . : ; P BDI35 npn medium power 37p
€ B mae B 1 5 emll) Aciewemmauumionsover e | BDI oo medium pover 3ip
4 R - . . W'
[ 1w 5% 4-7Q-10MS) E12 25 2 23 :2}5 ADI6f npn germanium medium power 422 DIODES
Mo 12w 2% 00-1MQ E24 4 3 2 nett AD162 pnp germanium medium power 40p OA90, OA91, OA9S each ép
ww o Iw 10%F1/200 0220990 Ef2 7 7 6 AFI39  pnp germanium 3p OA200—9p; OA202—I0p
Ww W g(: mjg&g E}g ; ; 2 BC107—13p; BC108—12p; BC109—I3p » | Other semi-conductors
Codes: C = carbon film, high stability, low noise. BCi67—l1p; BC168—10p; BCi169—11p ne ACI128—21p AF117—32p
MO = metal oxide, Electrosil TRS, ultra low noise. Prices are in pence each for BC|77—21p; BC178—I19p; BC179—22p BFY51—19p
VVIVW = wire wound, Piessey. qulantitiesd of the sa'me ohmic BC257—I12p; BC258—1 1p; BC259—I13p ] pnp
alues:’ valu i o s H
F12 denotes series: 10, 12, 15, 18, 22, 97, 33, 39, 47, 56, mixed - values.  (ignore Trac- Standard groupings available.
Ezgzégigtr%ts}?reg:%;‘dg%plug 11,13, 16, 20, 24, 30, 36, ‘t’l?pess?sf‘g:l:rgz:{;ly on fotal value Yery many other types listed, described and illustrated in catalogue.
3, 51, 62, 75, an eir decades. .
by Hirshmann
DIN CONNECTORS ™, :7:i0s COVERS & TOGGLE SWITCHES TTL ICs e
v . HEATSINKS N it
T03 Transistor cover, 1011C. SPST toggle A 7402 20p
HEAPSINK e 2on (?EDT 7404 755
toggle p. ese 0 P
Type 6WI are chrome plated, 7405 20p
T ey mudier O Socker 10p - blut 125 Extruded 2.5A rating). 7201 7408 25p
5 way audio 180° Socket 12p  Plug ISp aluminium Sub-miniature DPDT 7409 25p
5 way audio 240° Socket {2p  Plug 15p LI 6o 250V a.c.]2A 48p 7410 20p
Gwayaudio” ~ Socket 13p  Plug isp | undrilied et ' 51 S0
Lockable types, phono connectors, etc. 7430 20p
POTENTIOMETER carbon typ J4a e 200
long spindles. Double _ % 7442 (16 87,
wipers onr low noise. ELECTROLYTICS - « Prices in pennies 7443 Elég £I‘0lt°)
SINGL! GANG P20 7444 (16 £1-00
linear 100Q t022MQ, 12D, 1vee o uf 3V 63V 10V TeV_ 25V 40V 63V 100V 7447( ) £1-36
JP20 Log, 4-7KQ, to 2:2MQ 0.47 10 7 7450 20p
12p. . 70 10 7 7451 20p
DUAL GANG linear 22 7453 20p
47KQ t022MQ, 42p; Dual 3 10 7 8 7454 20p
gang log, 47KQ to 2.2MQ, 4.7 10 7 8 7 7466 20p
42p; Log/antilog, [0K, 22K, 10 7 8 7 8 7470 33p
47K, IMQ only 42p; Dual bY) 7 8 7 7 9 7472 30p
antilog, 10K only, 42p. Any =7 7473 36p
type with 2A D.P. mains 1 8 7 7 7 ? 12 7474 36p
switch, 12p extra. 100 8 7 7 7 7 9 1] 19 7475 (16) 60p
On!{ gleaades of 10,22 & 117 220 7 8 8 8 9 10 17 27 7276 (16) gp
available in ranges quoted. 7480 P
DUAL CONCENTRIC 470 8 E2 ? 10 12 724 8 17 87p
DP20 in any combination of 1000 10 12 2 17 20 24 1 7483 (16) £1:32
P20 values, 60p; with 2200 14 17 22 25 36 40 7485 £1-70
switch, 72p. - 4700 25 28 37 0 54 7486 35p
SLIDER POTS. In values from 4K7Q to IMQ, 10,000 W 43 7490 &0p
linear or log, 26p. Escutcheon, white, grey, black, | 5 -iicse i . - 7491AN £1-00
10p. Knobs, flat, grip type, in 7 colours, 5p each. mal es'f: size 3-7mm x |2mm. Largest size 25-5mm x 4imm. Full ranges of many other } 7492 70p
SKELETON PRE-SETS. Small high quality, type | SLBSS.0f capacitors stocked, 7498 oe
PR linear only: 1009, 2200, 4709, IK, 2K2, 4K7, 7495 e P
10K, 22K, 47K, 100K, 470K, IM, 2M2, 5M, 1oM Q. | ROTARY SWITCHES 7496 0( 22‘ £1-00
Vertical or horizontal mounting, 5p each. Radi M M n ) ;2}84( ) 65p
adiospares Miniature Maka-  Wavechange switches
NUTS, SCREWS, ETC. In lots of 100. switch (in assembly kit form). IP12W, 2P6W, 3P4W, 4P3WV, 74107 52p
Nuts 2BA—4ip; 4BA—28p; 6BA—26p. Shafc 48p h 24 74121 48p
Screws |"—2BA—67p; 4BA—35p; 6BA—26p. | Wafors MBB—2PSW. 1P 11w: P 74190 (16) £1-80
", , s 3
0-5"—2BA—50p; 4BA—23p; 6BA—I9p. BBMIPI2W, 2P6W, 3PAW 74191 (1€) . £1-80
Screws roundheaded, cheese headed or countersunk. | 4p3W, éP2W, each 32p ! 74192 (16) £1-74
Other sizesavailable. Also tags, washers, spacers, etc. ’ ’ ’ 74193 (16) £1'74
KNOBS e o3 o™ DISCOUNTS
, .. Availab items except
(for 0.25 shafts) @ F.13 skirt dia, 26mm. Mlnltron DIGITAL |NDICATOR thv:slea fhgcv: i:v?;?\ NETT
! J pack of 2 38p TYPE 3015F Seven indicator ible with | PRICES. 10% on orders from
| !' F.12 skirt dia. 33mm. standard logic modules and power supplies. Figs. 09 £5 to £15. 159, on orders £15
pack of 2 40p ’ frhom well fil‘laumim?‘tqd htﬁlc\lmendt §egTen§sttaP give and over.
m ¥ us ecimal oint.
F.19 gaﬁ:‘avedtw 32, E%g d 22mm :ecﬂxfl?::renrenot SnTA fro?ng5V B.C. per sengnt. A |in?|?::5 TERMS OF BUSINESS
m.—two P A number of alphabetical symbols also avail- £2,00 All items are offered for sale
@ F.Iﬂsggraved. Skirt dia. able. In 16 lead DiL case .. .. nett in accordance with our
K.30/3 NS~ 4 mm.—two  38p  20mm. Suitable BCD decoder driver type R standard terms of business,
Solid i F.17 engraved. 4 in pack. PO :
fuminiu ’h 33mm.—two 40, 40 L FLLI2IT nett 2 copy of which is available on
Hmum w Very many other ¢ st stockesee T — } DIL Socket; 16 lead 30p. No. 3015G showing + or — | request. Prices subject to
. Catalogue yP - trsmm—e and fig. | and decimal poin - £2-00. nett alteration without notice.
ZENER DIO S DE€ Enqui;ies from quantity users
DES - invited.
Full range VE24 values: Unsurpassed for “breadboard MAlNS IT SAVES YOU 25P PII\\ECEKINK?K&FPOST{\GdE
400m W: 2.7V to 36V, ldp work™ can be used inde- w F in U.K. For mail orders
each; | W: 6-8V to 82V, 21p |} finitely withoutdeterioration. TRANSFORM EHS T(? ST.ART ITH for £2 list value and under,
each; ['5W: 4.7V to 75V, Components just push into That’s the price of the 96 page Electro- f{ there is an additional hand-
48p each. Clip to increase plug holes and connect auto- MT3 30V/2A plus 4 taps £2-85 v?lue Catalogue (No. 6) and with it we ting charge of 10p.
I-5 W ratingto 3 watts(type) | matically. Slot for control | MTI0350V/IAplus4taps give you a 25p refund exchange voucher V.A.T Prices shown here
266F) 4p. . panel, 70 holes, £1-44, £2-55 on orders which come to £5 or more. DO NOT INCLUDE
SIEMENS THYRISTORS T-DEC MT10450V/2A plus 4 taps The tg:a':a\lc:gue is pacléed witila( bargains, V.A.T.
= £3-50 brand new guaranteed to maker’s spec. .
0-8A 400V, 56p; 600V 70p. For more advanced work | MT12760V/2A plus4taps plus 1.C. circuit and schematic diagrams, Order; from U.K. ;u;t%me;:
3A 400V, 60p; 600V, 88p. with 208 contacts in 38 rows. £3-80 transistor diagrams and s>ecs, equivalent mLés.t. e Ia‘i%%/mpafmi“ vyalue
- Will take one 16 lead carrier, 13705 I3V/4A, CT  £1-25 tables etc. Send 25p now. S.A.E. brings ?d ‘&‘g\“_i‘_ o oln
DE-SOLDER BRAID £2-88. (Carriers supplied 28T05 12-4-12; 2-0-2V/4A fatest list of additio.al items and or VoA.l. ders are exempt
6ft. nete 50p | separately.) £1-60 price amendments. Overseas orders are Pt
(DEPT.WW.3), 28 ST. JUDES RD, ENGLEFIELD GREEN, EGHAM, SURREY, Tw20 OHB
“Hours: 9-5.30, 1.0 p.m. Saturdays. Phone: Egham 3603 Telex 264475
Reg. offices at above address Business Reg. No. 1047769
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€180 Features include:

18 Integrated Circuit operational
amplifiers.

1% accuracy,

3 — Four quadrant multipliers.
Automatic Function Selection.
All solid state.

Individual Pot Set facilities.

Compute period: 35 m.S. to infinity.

Built-in stabilised power supplies.
34 digit D.V.M. optional extra.

Meter switching to all pots and amplifiers

16 Integrators, 2 Non linear amplifiers.

ANALOGUE & HYBRID COMPUTERS

Price £740.00 complete with patching leads and instruction book.

Phone for details of our range of Analogue, Digital & Hybrid apparatus
PHYSICAL & ELECTRONIC LABORATORIES LTD.
MANUFACTURERS OF ANALOGUE AND HYBRID COMPUTERS

28 Athenaeum Road. Whetstone, London, N.20

Tel: 01-445 7683

P F R AI-FE 10 CHAPEL ST. LONDON N.W.1.
s KF» Phone 01-723 8753

TELEVISION SWEEP GENERATOR
by Sweep systems type 505. Frequency coverage
450-940MHz. (Channels 15-80). Markers at 465/
565/660/750/830 and 900MHz. Attenuated output in eight, five db
steps and fine 0-10 db. Sweep width adjustable from |-I5MHz. The
instrument is completely solid-state using variactor diodes and
transistors throughout. Dims: 19 x 12 x Sins, Wt.: 20lbs,

Supplied in good working order, price £59.50 + 50p carriage.

GERALD 900B Sweep Generator with SD8A sweep driver unit.
V.H.F. and U.H.F. 0-1200MHz. centre frequency. |, 10 and 100MHz
markers. Built-in detector, attenuators etc. This instrument is
probably the most comprehensive sweeper ever made. P.U.R.

:

F¥

Increase efficiency of Office, Shop and
Workshop with this DELUXE TELE-
PHONE AMPLIFIER which enables
you to take down long telephone
messages or converse without holding
the handset. Just moisten the suction
pad and stick it to one side of the
telephone., A useful office aid. On/Off
switch. Volume control, Operates on
one 9v battery. Size 3in, x 4in, Ready
to operate. Complete with battery.
P & P 25p.

£7-99

This NEW, versatile De Luxe 4-
Station Transistorised Intercom
(1 Master and 3 Subs) for desk or
wall mounting can solve your com-
munication problems instantly. Effec-
tive range 300ft. Call/talk/listen fl;om

TEKTRONIX OSCILLOSCOPES _
Type 547 with 1A2 plug-in. DC—50MHz. With display |
switching. :
Type 545A with ‘CA’ plug-in. (Or ‘L’). DC—30MHz,
Type 561 A with 3Al and 3B3 units. DC—I0MHz.
Type 535 with CA plug-in unit. DC—I5MHz.

Type 551. Double-beam with L&G units. DC—27MHz.
Also available:

Dynamco D7100 with 1Y2 and X2 plug-ins. Portable, DC—30MHz.

Hewlett-Packard 175A. 178! and 1755A plug-ins. DC—30MHz.
Philips GM5602. DC—20MHz. Price £65.00.

Roband RO50A with 5G plug-in. DC—15MHz. Price £125.00.
Solartron CD1400. With two CX 1442 and a CX1443 units.

Extremely sensitive instrument. Twin differential inputs.,

Master to Subs and Subs to M .
With Selector switch. Ideally suitabl

for office, shop, home or surgery.
Adaptable for Mains. Complete with
three 66ft. connecting wires and
accessories, On/Off switch volume
control. P. & P. 44p.

WEST LONDON DIRECT SUPPLIES
169 KENSINGTON HIGH STREET, LONDON W8 €SN

of electrical and electronic

Sound with Vision
Sound Techniques for Television

Newnes Radio Engineer’s
Pocket Book 14th Edition

A ready reference source for formulae, tables and definitions

matical tables. The book is very carefully indexed for quick
and accurate selection of material.

1972 192 pp illustrated 0 408 00074 0 £1.20

For the first time the methods developed by the BBC are
here made available in book form for the benefit of television
sound operators and production staff. The book discusses the

H. W. Moorshead

terms, including many mathe-

and Film
E. G. M. Alkin

SIGNAL GENERATORS
Marconi type TF80ID. 10-485MHz. Excellent.
P.U.R.

Marconi type TF867. 15KHz-30MHz. £150.
Airmec type 201, 30KHz-30MHz, £65.
Hewlett-Packard 616A. 1780-4000MHz. £75.
Advance C2H. Spot-frequency production-line test instrument.
12 fregs. in bands 500KHz-30MHz. £25.

Rohde & Schwarz U.H.F. 990-1900MHz. P.U.R.

Rohde & Schwarz SMAF. A.M. & F.M. 4-300MHz. FM Dev. 0-100KHz
in 2 ranges. Fundamental-frequency generator ideal for radio-
telephone test equipment. P.U.R.

Ib;arconi type 721D Deviation checker. 0-1024MHz, Deviation to
SKHz.

Marconi type TF1152A R.F. Power meter. 0-25W. 50 ohms. £45.00.
Marconi type TF1020 and 1020A RF power meters. 0-100W. 50 and
75 ohms. P.U.R.

Airmec 210 Deviation meter. 3-300MHz. AM Mod and FM Deviation
to 125 KHz.

Rohde & Schwarz type RD1-60 R.F. Load. 1KW. Excellent. One
only. £50.00.

POWER TUBE BASES for BARGAIN OFFER—LOW

problems of simultaneous production of sound and picture,
giving practical instructionh in methods of overcoming them.
There are detailed discussions of operation equipment and
trends which will be useful to designers and manufacturers
of sound equipment.

1972 288 pp illustrated 0 408 70236 2 £6.00

Video Recording

Record and Replay Systems GordonWhite
This book describes the principles of video recording and
discusses the various systems which are on the market or will
soon make an appearance. Inevitably the book is technical,
but it is designed so that people who have an interest in the
subject should find no difficulty in understanding the
principles, advantages and disadvantages of the various

1972 216 pp illustrated 0 408 00085 6 £3.25

Obtainable through any bookseller or from

The Butterworth Group

4X250 T/X Valves etc. BASES
ARE BRAND NEW AND
BOXED COMPLETE WITH THE
CERAMIC CHIMNEY., Only
£3.25 each p.p. 10p.

CANNON XLR AUDIO
SERIES
Plugs and Sockets
XL3-11 3-pole socket (free,
line mounting). XL3-32 3-
pole plug (chassis mount-
ing). £1.25 per pair.
XL6-32 6-pole plug (chassis
mounting). XLé-11 é-pole
socket (free, line mount-
ing). £1.50 per pair.
XL3-32 3-pole plug. 75p each

'VOLTAGE STABILISED

POWER SUPPLIES
*Voltage Range 16-24V.
*Current Range to 6 Amps.
*Full over-voltage and Cur-

rent protection.

*AC Ripple content better
than 5mV. These PSUs are
constructed to exacting stan-
dards and incorporate the
very best of components and
circuit design for long life
and reliability. Employs Sili-
con transistors, thyristors,
C-Core transformer etc. Of-
fered in perfect condition,
carefully checked before des-
patch. List price over £125.
Our price only £26.50, Car-
riage £1.

88 Kingsway, London WC2B 6AB.
Trade counter: 4-5 Bell Yard, WC2.

systems.

PLEASE NOTE: ALL GOODS WILL BE SUBJECT TO
109, VALUE ADDED TAX WHEN ORDERED AFTER
' 1st APRIL, 1973,
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BRADRAD

X Y z Toff
A 45 3 85 £289
B 45 7 65 f324
C 45 10 65 £390 DRILLING AND DEBURRING TOOL
p 9 3 85 £390
E g :0 :: i;gg Drills thin sheet without difficulty—
E 13 ss s equals eleven drills
H 13 7 B85 £600 One cut drills and deburrs
t 13 10 65 £550 The Bradrad will not only drill holes, but makes drilling
J 18 3 85 f£500 easy in practically all materials used for instrumentation;
K 18 7 65 f£811 the normal run of steels, aluminium,
L 18 10 65 £8.14 brass, copper and all types of plastics,  Bradrad §” to 13" in §” steps.
M 45 3 13 £324 perspex, fibre glass, etc, and hardboard,  Bradrad Gmm 10 36mm by 3mm
48 sizes of low cost cases in blue N 45 7 13 £434 shouid the need arise. It is designed to  steps. Both with 3" shanks.
PVC coated steel with PVC coated 0 45 10 13  £550 overcome all the problems associated
aluminiu.m front and rear panelf. ) Wood grain 0. £4.34 P8 3 13 434 yvith dril_!ing thin matgrials — it drills £9.11 inct. V’flT &pp
The design of these cases permits the instrument tobe EG. £5.00 09 7 13 £550 interlocking holes for instance — and  Bradrad 13" to 25" in 3" steps.
built up or serviced without the external panels. Price H O£550 R 9 10 13 671 users of Contil and Contil Mod-2  Bradrad 39mm to 69mm by
includes all stainless steef assembly screws, rubber feet S 13 3 13 £550 cases  will find it invaluable.  3mm steps. Bothwith}”shanks.
and one or two chassis according to size, and also VAT T 137 13 55.71 £25.69/nc/ VAT & pp
and P. & P. Delivery ex stack Special punching to take U 13 10 113 EB‘M . =
Sinclair Hi-Fi madules available. V18 3 13 671 = —
Wis 7 13 814 ,,;{ J
WEST HYDE @0 o D
= {

WEST HYDE DEVELOPMENTS LIMITED, RYEFIELD CRESCENT, nmmmnnn HILLS, NORTHWOOD, MIDDX., HAG 1NN.

Telephone: Northwood 24941/26732.

Quantity Discounts

HAND
OPERATED

Telex: 923231

INSTRUMENT

1277 white or black panel
1277 unpainted

g 16127
Available in a range of seven sizes in 21
gauge Zintec steel with electric blue
hammer finish. Front panels are 18 gauge
Zintec in white or PVC coated aluminium. |

7 191010
191010D

Type No. indicates size XZY ininches. Priceincludes VAT & p&p

| NIBBLING

screw near the pivot. The price
is £2.31/incl. VAT &pp

Cases supplied with non-slip feet, ex
,stock by returm of post. Please consult
catalogue or ask for quote for larger
quantities.

Telephone: Northwood 24941/26732.

WEST HYDE W{)

WEST HYDE DEVELOPMENTS LIMITED, RYEFIELD CRESCENT, NORTHWOOD HILLS, NORTHWOOD, MIDDX., HAG tNN.

Telex: 923231

Ypare punches are also available
and are fitted by simply removing the

The Adel cuts holes of virtually any shape and size,
starting from a £ hole, cutting cleanly like a punch
and die. The cutter causes little strain or distorticn
to the edges or original form. It is ideal for notching
clearances on flanges of cabinets or chassis, or for
trimming undersized holes to fit parts.

£4.40incl. VAT &pp

Q-MAX

The easiest and P {J NC H ES
quickest way of

punching round or square
holes in sheet metal up to
16 gauge mild steel. Sizes
range from &7 to 11" in
4" steps and from 13" 10
13" in 3" steps plus a 1"
square. Pnces range from

£1.10 to £2.89 ¢/ vAT &pp

and keys are alse available.

WEST HYDE WO

WEST HYDE DEVELOPMENTS LTD

RYEFIELD CRESCENT, NORTHWOOD HILLS, MIDDX. HA6 1NN
Telephone: Northwood 24941/26732 Telex: 923231 Code: West Hyde Nthwd.

WW—095 FOR FURTHER DETAILS

ELECTRONIC ORGAN DIVIDER BOARDS built to
high mdustnal/computer spec. 5 octave set £15.
C with ¢c on data and oscillator details.

COPPER LAMINATE P.C. BOARD
81x5%x1/16 in. 124p sheet, 5 for 50p

11 x 61 x1/16 in. 15p sheet, 4 for 50p
11x8x1/16 in 20p sheet, 3 for 50p

Offcut pack (smallest 4 x 2 in.) 50p 300 sq. in.
P&P single sheet 4p. Bargain packs 10p

SPEAKERS AND CABINETS

E.M.1. 13x 8 in. (10 watt) with two tweeters and ¢1oss-
over 3/8/15 ohm models, £375. P.P, 25p.

E.M.l. 13x8 in, base units (10 watt) 3/8/15 ohm
models £2:25. P.P. 25p.

E.M.L. 6% in. rnd. 10 watt Woofers. 8 ohm.1 3,000 gss
£2:25. P.P. 15p.

E.M.l. 20 watt (13x8 in,) with single tweeter and
“X-over” 20 Hz to 20,000 Hz. Ceramic magnet
11,000gss. £8. P.P. 40p. 20 watt base unit only, £6.
P.P. 40p.

CABINETS for 13 x 8 in, speakers manufactured in
2 in. teak-finished blockboard, Size 14 x 10% x 9 in.
£5 ea. P.P. 40p.

20W. CABINET. 18 x 11 x 10in. £6, P.P 50p.

PRECISION A.C. MILLIVOLTMETER (Solartron) 1-5m.v.
to 15v: 60db to 20db. 9 ranges. Excellent condition.
£22-50. P.P. £1-50.

V.H.F. POWER TRANSISTORS TYPE PT4176D
(2N4128). 24 watt 175 MHz. £1-50 ea. S.A.E. for spec

MINIATURE UNISELECTORS (A.E.L. 2203A.), 3 bank,
12 position, non-bridging wipers. £4256 ea. Brand new
Complete with base.

€D.1220 OSCILLOSCOPE, with dualtrace Plug-in. (CX1257)

DC-24MHZ. £125.
Wide band Plug-in (CX1256) DC-40MHZ, £25.

SOLARTRON OSCILLATOR (CO0546) 25Hz-500KHz £50.

OVERLOAD CUT-OUTS. Pane! mounhng 13 X 1% X%
800 M/A[1.8 amp/10 amp. 35p ea. P.P.

BULK COMPONENT OFFER. Remstors/Capacxtors. All

in)

types and values. All new modern components, Over 500-

pieces €£2. (Trial order 100pcs. 50p.) We are confident
you wilt re-order

TWIN STABILISED POWER SUPPLIES (A.P.T.) +80v. @
500 MjA. —80v. @ 500 M/A (9 X & X 5% in,) New. £8'50 with
spec. & circuit.

U.K. ORDERS 10% V.A.T. SURCHARGE I

HIGH-SPEED MAGNETIC
COUNTERS. 4 digit (non reset) 24v.
or 48v. (state which) 4 x 1 x 1in.
40p. P.P. 5p.

5 digit (non-reset) 6-12-24-48v.
(state which) 76p. P.P. 5p.

5 digit (Reset) 12v. £3. P.P. 5p.

PRECIS:ON CAPACITANCE JIGS. Beautifully made
with Moorn & wright Micrometer Gauge. Type 1. 18.5pf. to
1,220pf £18 each Type 2, 9-5pf.to 11.5pf. £6 each.

MULTICORE CABLE (P Vv C.)

21czoreo (6 colours) 3 screened, 14/0048 15p. yd. 100 yds.
24 core (24 colours) 20p. vd. 100 yds. £17-50.

30 core (15 colours) 223p. yd. 100 yds, £18-50.

34 core (17 colours) 25p. yd. 100 yds. £20.

Minimum order 10 yds.

HIGH CAPACITY ELECTROLYTICS

2,200pf. 100v. (14 x 4in.) 60p. 3,150pf. 40v. (1% x 4in.)
60p. 10,000uf. 25v. (14 x 4lin.)} 60p. 10 OOOuf 100v.
(2% x 4%in.) £1. 12, OOOuf 40v (2 x 4in.) 75p. 16,000puf.
16v. (2 x 4in ) 60p. 21,000uf. 40v. (24 x 4in.) £1. Post and
packing 5p.

“l;rAPST" TAPE MOTORS. (LZ 20.50). New Boxed. £2. P.P.
5p.

TELEPHONE DIALS (New) £1 ea

RELAYS (G.P.C. ‘3000'). All types. Brand
new from 371p ea. 10 up quotations only.
EXTENSION TELEPHONES (Type 706)
New/Boxed. £5. 50p.

RATCHET RELAYS. (310 ohm) Various
Types 85p. PP 5p.

UNISELECTORS (Brand new) 25-way
75 ohm. 8 bank 1 wipe £3-26. 10 bank
% wipe £3:75. Other types from £2:25.

T
TRANSFORMERS
L.T. TRANSFORMER. (Shrouded) Prim. 200/250v.
Sec. 20/40/60v. 2 amp. £2 ea. P.P. 40p.

L.T. TRANSFORMER (CONSTANT VOLTAGE).
Prim. 200/240v. Sec. 1. 50v. at 2 amp. Sec. 2. S0v. at
100 m/a £3. P.P. 50p.

L.T. TRANSFORMER. Prim. 110/240v Sec. 2Xx32v. @4amp.
20v. @ 5 amp.: 15v. @ 1.5 amp.: 7v. @ 2.5 amp. £3. P.P. 50p.
L.T. TRANSFORMER. an 220/240v. Sec. 13v
1.5 amp. 65p. P.P 15p.

L.T. TRANSFORMER. Prim. 115/240v. Sec. 10-5v.
at 1 amp. c.t 28-0-28v at 2 amp. shrouded type. £2.
P.P.40p

2500 watt.  ISOLATION TRANSFORMER (CON-
STANT VOLTAGE). Prim. 190-260v. 50Hz. Sec.
230v. at 10-9 amps. £30. Carr. £2.
H.D.STEP-DOWN TRANSFORMER. Prim.200/240v
Sec.117v at 19-8 amps. (2,300 watt), £22-50. Carr. £2
H.T. TRANSFORMERS. Prim. 200/240v. Sec.
300-0-300v. 80 m.a. 6.3v. c.t. 2 amp. £1-50 P.P. 40p.
350-0-350v. 60 m.a. 6.3v c.t. 2 amp. £1. P.P. 26p.
STEP-DOWN TRANSFORMERS: Prim. 22/240v.
Sec. 115v. Double wound 500w. £5. P.P. £1. 700w.
(with filters) £10. PP, £1. 500w. (metal cased with
socket output) and overload protection. £6-50.
AUTO-WOUND. 75W. £1. P.P. 25p. 300W. £1-50.
P P. 50p 750W £6. P.P.£1.

L.T. TRANSFORMER. Prim. 110/240v. Sec. 0/24/40v.
1-5A. (Shrouded type). £1-50. P.P. 25p.

HT/LT TRANSFORMER Prim. 240v. (tapped) Sec. 1
500-0-500v. 150 mja. Sec. 2. 31v. & amp. £2-75
P.P. 50p.

HEAVY DUTY E.H.T. TRANSFORMER. Prim
0/110/240v. Sec. 1800v. 3-1 K.V.A. £28. Carr. £2 4K.V.A.
model £33. Carr £2.

BLOWER FANS (Snail type) Type 1: Housing dia. 3% in.
Air outlet 1% x 1 in. £2:25 P.P. 25p. Type 2: Housing dia.
6 in. Air outlet 2% x 2% in. £4. P.P. 50p. Both types 115/
240v, A.C (brand new).

POT CORES LA1/LA2/LA3 50p each

RELAYS

SIEMENS/VARLEY PLUG-IN. Complete with transparent
dust covers and bases. 2 pole ¢/o contacts 35p ea ; 6 make
contacts 40p ea.; 4 pole ¢/o contacts 50p ea. 6-12-24-48v
types in stock.

12 VOLT H.D. RELAYS (3x2x1 in.) with 10 amp, silver
contacts 2 pole c/o 40p ea.; 2 pole 3 way 40p. P.P. 5p.

24 VOLT H.D. RELAYS (2x2x3% in) 10 amp. contacts,
4 pole ¢/o. 40p ea. P.P. 5p.

240v, A.C. RELAYS. (Plug-in type). 3 change-over 10 amp

contacts, 75p (with base). P.P. 5p.

SUB-MINIATURE REED RELAYS (1 in. X %

% oz. 1 make 3/12v. 40p. ea.

SILICON BRIDGES. 100 P.L.V.1 amp. (§x £X § in.) 30p

200 P.l.V. 2 amp. 60p.

24 VOLT A.C. RELAYS (Plug-in).

3 Pole Change-aver 60p.
2 Pole Change-over 45p.

PATTRICK & KINNIE

191 LONDON ROAD - ROMFORD - ESSEX
ROMFORD 44473 RM79DD

in.) Wt
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OIS ors
(ELECTRONICS) LTD.

9 & 10 CHAPEL ST., LONDON, N.W.1
01-723-7851 01-262-5125

CURRENT RANGE OF BRAND NEW L.T. TRANS-
FORMERS. FULLY SHROUDED (excepted) TERMINAL
BLOCK CONNECTIONS. ALL PRIMARIES 220/240v.

Type No. Sec. Volt Taps. Amps. Price Carr.
1A 25-33-40-50 .. 15 £13:00 75p
1B 25-33-40-50 . .. 10 £11-00 50p
1c 25-33-40-50 . .. 6 £7'75 50p
1D 25-33-40-50 o o 3 £5'75 50p
2A 4.16-24-32 . 12 £8-75 50p
28 4-16-24-32 8 £7-60 50p
2C 4-16-24-32 4 £4-75 40p
2D 4-16-24-32 2 £3-20 30p
3A 24-30-36 10 £8-25 60p
3B 24-30-36 5 £6:25 40p
3C 24-30-36 . ‘2 £3-25 30p
4A 12-20-24 20 £10-95 75p
4B 12-20-24 . 10 £6-5 40p
4C 12-20-24 . PR £4-35 30p
5A 3-12-18 . 20 £9-76 50p
58 3-12-18 .. 10 £6-00 45p
5C 3.12-18 .. . 5 £410  35p
6A 48-56-60 .. . o 2 £410 35p
6B 48-56-60 . o1 £3-00 30p
1A 6-12 . . . 20 £7:50 50p
8 6-12 o o w10 £4:10 40p
7C 6-12 . 5 £2-75 30p
8A 12-24 3
9A 17-32

10A 9-15 . NS

1MA - 63 . .

Note: By using the inten

can be obtained.
Example: No. 1 7-8-10-15+17-25-33-40-50v,
4-8-12-16-20-24-32v.

No. 2
No. 5 3-6-9-12-15-18v.

30-25-0-25-30v. 2a. with Screen £4-30, carr. 35p. 36-0-36v. 5a, £9-4¢
carr. 50p. As recommended for Linsley Hood Amplifiers.

HEAVY DUTY UNSHROUDED TYPE 9 INCH FLY‘NG
LEADS ALL PRIMARIES 240v.

Type No. Sec. Volt Tap. Amps. Price Carr,
1 24-30-36 .. 20 £14-00 5p
2 12-20-24 - .. 30 £13-00 75p
3 3-12-18 .. . e 30 . £13:00 75p
4 6-12 e 50 £1400  75p
5 20 .. . .. . 30 £12:00 750

DAVENSET ISOLATION TRANSFORMERS
Pri. 10-0-200-220-240v. Sec. 240v. Centre tapped 1-2kva.

Conservatively rated. Size 83 x 7 x 87 ins. Wgt. 59 lbs. Open
frame type, terminal connections. Fraction of maker's price.
£17-00 carr, £1-00.

H.T. TRANSFORMERS BY
FAMOUS MANUFACTURERS
PARMEKO. All primaries 220-240v.
Type 1. Sec. 630-0-620v. 105mja 5v. 4A.
5v. 2A, Potted type £3-00. Carr, 50p. Type 2.
Sec. 1,875v. 60mja. 4-2kv. wkg. and 500v.
3im/a. Potted itype £3-50. Carr. 50p.
Type 3. Sec, 310-0-310v. 35mja and 200-0-
200v, 20mja. 6-3v. 1A, 6-3v. 1A. Potted
type £2:75. P.P. 50p. Type 4. Sec. {apped
760-700v. 50m/a. 6:3v. 1-5a. £1-75. P.P. 30p.

WODEN. All primaries 220-240v. Type 1.
Sec. 890-710-0-710-830v. 120mja. un-
shrouded table top connections, tropi-
calised £250. P.P, 50p. Type 2. Sec. 190v.
G0mja. 6:3v. 3a. £1-25, P.P 25p. Type 3.
Sec, tapped 150-165v. 4 amps unshrouded
table top connections £3-75. P.P. 75p.
Type 4. Sec. 130v. 450mfa. three times.
“C» core, table top connections £3-50.
P.P. 50p. Type 5. 63v. 1-6a. and 24v. 0-8a.
and 6-:3v. 1a. unshrouded table top con-
nectinng £2:50. Carr. 50p.

GARDNERS. Al primaries 220-240v.
Type 1. 350-0-350v. 60mja. 6-3v. 4a. 5v.
2-5a, shrouded £1-50. P.P. 30p. Type 2.

300-0-300v. 60m/a. 6-3v. 4a. “C"  core.
£1-50. P.P. 30p. Type 3. 450-400-350-0-
350-400-450v, S0mfa. *“‘C' core &£1-25.

P.P. 25p. Type 4. 250-0-250v. 100m{a. 6-3v.
3a, 6-3v. 3a. 5v. 3a.. Poited type £2-50.
P.P. 50p. Type 5. 350v. 44mja. 20v, 10mfa.
6-3v. 3a. *'C’' core £1-50. P.P, 30p.

L.T. TRANSFORMERS
WODEN Pri. 220-230-240-250v. Sec. 25v.
2a. Twice, 16v. 4a. (wice, 26v. 4a., 31v.
7a. All separate windings. Conservatively
rated, Open frame type table top connec-
tions. Size 6% X 6 X 6in, £8-50, carr. 50p.
AMOS ‘C’ core type. Pri. 200-220-240v.
Sec. 18-0-18v. 5a., and 18-0-18v. 3a. Con-
servatively rated table top connections.
£3-50 P.P. 50p.

REDCLIFFE ‘C’' core types. Pri. 220-240v.

Sec. 11v. 9a. £2:50 P.P, 35p. Pri. 220-240v.

Sec. 36v. 350 mfa. 75p P.P. 25p. Pri. 220-

%4%\1.2%%. tapped 370-390-400v. 6 mja. 50p
.P. 20p.

G.E.C. L.T. TRANSFORMERS

AH Primaries 220-240v. Type 1 tapped.
63-68-74v. 3a. and 6-3v. 4a. terminaj block
connections. Unshrouded £3-00. P.P. 50p.
Type 2 tapped. 59-61-65-67-69v. 10a. T
blocks connections. Unshrouded £6:00
carr, 75p. Type 3 tapped. 56-58-60v. 3a.
T block connections. £295. P.P. 50p.
Type 4 100-0-100v. 65mja. and 61-64-67v.
150mfa. and 6v. 1a. £1-75. P.P. 25p.
Type 5 tapped. 11:5-13-6v, 14a. and 13-5v.
1-4a. twice, Unshrouded, T block connec-
tions. £4-50 carr. 75p. Type 6 10v. 2a, and
50v, 0-6a. T block connections. Un-
shrouded. £1-50 carr. 25p. Type 7 15v. 4a.
and 13v, 6a. T block connections. Un-
shrouded. £3 carr. 50p. Type 8 17v. 2a.
twice, unshrouded, £1-75. P.P. 30p.

CRESHAM POTTED OIL-FILLED
CHOKES )

8 henries 500mfa. Bkv. wko. £7'50 carr.
£1-50,

AMOS L.T. CHOKES

¢’ core type. 140m/h. 5 amps. £4:50 carr.

G.E.C. LT TRANSFORMERS
Pri. 200-220-240v. Three separate
Secs. 27v. 9A., 9v. 9A,, 3v. 9A,
The foliowing voltages can be
obtained: 3-9-12-27-30-36-3%v. SA.
Open frame. Fully tropicalised.
Table top connections. £4-50 carr.
50p. As above at 1-8A. conservatively
rated £1-35. P.P. 36p.

SPECIAL OFFER OF MULT! TAPPED
L.T. TRANSFORMERS VERY
CONSERVATIVELY RATED

Gresham Pri. 200-220-240v. Sec. 20-5v.
2-6a. twice. 20v. 5a. twice. 15v. 0-1a. four
times. ‘C’ Core. Table top connections
£6-95 carr. 75p.

Pri. 200-220-240v. Sec. 16-3v. 1a. twice.
10v. 1a. twice. 22-5-25-28-8v. 5a., 26:6v.
2-5a., 23-9v." 1a., 6-3v. 2a., 145-0-145v.
200 mj/a ‘C' Core. Table top connections
£4-95 carr. 75p.

Pri. 200-220-240v. Sec. 20-21-22-23-24-25v.
6a., 20-21-22-23-24-25y. 3-6a., 18-19-20-21-
22-23v. 2a., 11-12-13-14-15-16v, 0-5a. twice
100-0-100v. 150 mfa ‘C' Core. T. top con-
nections. £7-25 carr. £1.

Pri. 200-220-240v. Sec. tapped 63-68-74v.
3a. and 6v. 4a. Open frame terminal block
connections £3-00 carr. 50p.

H.T. TRANSFORMERS
PARMEKO,. Pri, 240v. Sec. 250-0-
250v, 50 m/a. 6:3v. 1a. £1-25. P.P. 35p.,
size 4 X 3 X 2% ins.

GARDNERS. ‘C' core. Pri. 240v..
Sec. 300-0-300v. 66 mja. 6-3v. 4a.
£1-50. P.P. 35p.

“A.C.l. Pri. 240v. Sec. 250v. 60 mfa.
15v, 1-2a, 6'3v. 4-5a. £1-25. P.P. 35p.,
open type table top connections.
Size 4 X 8% X 3 ins.

Pri. 200-220-240v. Sec. 37-40-43v. 5a.,
105v. 300 mfa. twice. Oil-filled potted type.
£6-50 carr. 50p.

Pri. 200-220-240v. Sec. 39v. 8'6a,, 38v.
2-6a. Oil-filled potted type. £8:00. carr, £1,

Pri. 200-220-240v. Sec. tapped 30-57-5-
115v, 0-5a. ‘C' Core T. top connections.
£2-23 carr. 30p.

LTP Pri. 200-220-240v. Sec. 6-3v., 8a.
three_times. 6-3v. 3a. twice, open frame
type T. top connections £4'25 cars, 75p.

PARMEKO
POTTED TRANSFORWERS
BRAND NEW. FRACTION OF
MAKER'S PRICE

Type 1; Pri. 110-230-250v, Sec. 24v, 1a.
12.6v, 0-7a. 6:3v, 0-5a. £1-75. P.P. 35p.
Type 2: Pri. 110-220-240v. Sec. 13:5v.
653, £2:50. P.P, 40p. Type 3: Pri.
230v. Sec. 42v. 1 amp. 75p. P.P. 25p.
Type 4: Pri. 110-220-240v. Sec. 29-7v.
5a, 23v. 500mja. 180v. 100mja. 78v.
60mja. £4'50 carr. 75p. Type 5:
Pri. 200-220-240v. Sec. 140v. 195m/a.
50v. fa. 6-3v. CT 1-25a. £2:00. P.P.
40p. Type 6: Pri. 110-220-240v. Sec.
230v, 200m/a. 6-3v, 7a. £2-50 carr. 50p.
Type 7: Pri. 115-230v. Sec. 0-10v.
0-42a, 6-3v. 3-5a. 6-3v. 1-2a. £1-50.
P.P. 35p. Type 8: Pri. 110-220-240v.
Sec. 660-680-700-720-740-760v. 50m/ja.

6-3v. 1-5a. £2:00. P.P. 35p.

115v. Pri. only
Type 1: Sec. 3700-0-3700v. 44mfa.
£4-50 carr. £1. Type 2: Sec. §-3v. 11a.
1-4kv. wka. 4v. 13a. Tkv. wkg. £2:50
carr. 50p. Type 3; 530-0-530v, 330mfa.
6-5v. 6a. £4-50 carr. £1. Type 4: 6-3v.
4a. 6-3v. 0-9a, 6-3v, 0-6a. 75p. P.P. 25p.

LINE O.P. TRANSFORMERS

Input 10KQ SO0mfa, d.c. Eight 6002
{S turns ratio 11'5/1 4+ or

AMOS ‘C’ CORE TRANSFORMERS
Pri. 220-240v. Sec. 53-6v. 6a. £3:75. P.P.
50p, Pri. 240v, 17-5v. 6a. £2:25. P.P. 35p.

— '3 DB. 20 c/s-3500 cfs. £3-50. P.P.
50p.

Woden Pri. 220-240v. Sec. 10v. 2a. fully
shrouded £1-60 carr. 30p. .

Pri. 220-240v. Sec. tapped 6-12v. 2a. fully
shrouded £1-95 carr. 25p.

Pri. 200-220-240v. Sec, tapped 3-10-13v, 7a.
Open -frame. T. top connections £2-25
carr. 30p
Pri. 220-240v, Sec., 24-5-0-24:6v, 0-75a.
‘C’ Core. T. top connections £1-65 ca. 25p.
Pri. 200-220-240v. Sec. 11-0-11v. 176m/a.
‘C’ core. T. top connections 75p. carr. 25p.

PARMEKO HT TRANSFORMERS
NEPTUNE OIL-FILLED TYPE. Pri.
230v. Sec. 350-0-0350v. 200 mfa, 6-4v. 6ar
5v. 3a. Size 5% X 4% X 4 ins. £3'00 car.,
50p.
RICH AND BUNPY TRANSFORMERS
Pri. 220-380-415-440v, Sec. 250v, 50 watts
conservatively rated. Open frame type.
(;I:Serminal block connections. £2'95 carr.
o,

T.C.C.-DUBILIER OIL-FILLED
BLOCK CAPACITORS
4mid, 4-5kv. D.C. wkg. £3-00 carr. 75p.
0-5mfd. 10kv. D.C. wkg. £2:50. P.P. 50n.
4mfd. 1250v. D.C. wkg. 50p. P.P. 20p.
4mfd. 2kv. wkg. 75p. P.P. 20p. 1mfd. 5kv.
D.C. whkg. £1-00. P.P. 25p. 8mfd. 200v.
D.C. wkg. Three for 75p. P.P. 25p: 8mfd.
750v. D.C. wkg. 50p. P.P. 20p. 6mfd, 750v.
D.C. wkg. 40p. P.P., 20p. 4mfd. 500v. D.C.
wkg. 30p. P.P. 10p. 1mid. 2500v, D,C. wkg.
40p. P.P. 10p. O-5mfd. 500v. D.C. wkg.

Six for 50p. P.P. 25p.
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andis Ltd

PO BOX 25 CANTERBURY KENT

Red L.E.D. 30p SLIDE SWITCH
Green L.E.D. 75p D.P.D.T. 10p
Minitron 3015F£1.50 Stereo Phono
72748 DIL. 40p Sockets - bp
TO5 HEATSINKS
TBA231 10for 40p
Low noise stereo TO3 HEATSINKS
preamp £1.43 25p
BC107/8/9 8p SPECIAL!
BFY50/1/2 19p P.C. Mounting
TIP35C £3.00 Stereo Pots.
100K+ 100K
Lin - 35p
TIP36C £4.00 100K + 100K
TIP41A 70p Log 35p
TIP42A 85.p 10K+ 10K
2N3055 45p Log 35p
1N4001 10for  40p
1N4004 10for 50p

Please add 10%
V.A.T.tototal cost

HART

ELECTRONICS

WE ARE SUPPLYING

Printed Circuit Boards, Components and
Kits for the

D. O'N. WADDINGTON
DIGITAL MULTIMETER

This most interesting project fulfils the long-
felt want for a Digital Multimeter with the
added bonus of counter/timer functions, all
at a price which makes it extremely attractive
to the amateur, educational or commercial
user.

Please send 9" X 4" SAE for full details:

Penylan Mill,
Oswestry, Salop.

Personal callers are always welcome, but
please note we are closed all day Saturday.

TRANSFORMERS

MAINS ISOLATING SERIES
Primary 200-250 Volts S.:ondury 140 Volts Centre
d (120V) and Edrth
ALSO AVAILABI.E WITH 115/120V SECONDARY WINDING

Ref. VA  Weight
No, (Watts) Ib oz
07 20 |

Size cm.
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440V 300VA ISOLATOR, Primary 440V Sacondury 240V, Centre Tapped
Screened and Shrouded, €1037. P & P &7p
AUTO SERIES (NOT ISOLATED)
Weight Size cm. Aute Taps

ib oz
0-115-210-240
0-115-210-240
0-115-200-220-240
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TOTALLY ENCLOSED 1I5V AUTO TRANSFORHERS

115Y 500 Watt totally enclosed auto transformer, complete with mains lead
and two | 15V outlet sockets, £8-63. P & P 67p
Also available a 20 Wntt version. £1-84. P & P 22p.
W VOLTAGE SERIES (ISOLATED)
PRIMARY 200-250 YOLTS 12 AND/OR 24 VOLT RANGE

ps Welght Size cm, Secondary Windings

0-12V at 0-35A x2
0-12V at 0-5A X2
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EQUIPMENT TRANSFORMER

REF 238 PRI 0240 SCREEN SEC 3-0 3V RMS at200mA SIZE CM 2:8 x 2:6x2:0
WEIGHT 20z £1-08 P& P 10p.

. LEAD ACID BATTERY CHARGER TYP|
PRIMARY 200-250 VOLT FORCHARGING6OR 2 VOLT BATTERIES

Amps.  eight Size cm.
b oz
i 9 70%x 60X 60
311 102x 7-0x 83
512 10-2x 89 -3 units, do not in- R
6 4 89x102x102Y clude rectifier. 3.84
114 133x10-8x12:1 572
All ratings are continuous. Standard construction : open with solder
tags and wax impregnation. Enclosed styles to order.
TRANSISTORS
TO MANUFACTURERS' FULL SPECIFICATIONS
FOR EXAMPLE

2N 3055 68p each
with mica and bushes

6-0x%
7-0x
8:9x
0:2x

Ry 4
> } Please note, these %

AD 161/162 60p pair

BC107/108/1089 10p each -
with mica and bushes

% Quantity prices on application
Aiso stocked: SEMICONDUCTORS ® VALVES
AVOMETERS @ ELECTROSIL RESISTORS
PLEASE ADD10% FORV.A.T.

Carriage via B.R.S.

BARRIE electronics

3, THE MINORIES, LONDON EC3N 1BJ

TELEPHONE: 01-488 3316/8

NEAREST TUBE STATIONS | ALDGATE & LIVERPOOL ST.

WW—096 FOR FURTHER DETAILS

a67
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R.S.T. VALVE MAIL ORDER CO. faeatlel BhWelisitl R S T
s B = London, SWI6 9BS Tel: 01-677 2424 sl K&
VALVES ECF82 040 | EF98 075 | 5280 028 ) 0A2 040 PD500 1-30 | PY82 0-35 ) UCH420-70 | 1T4 030 | 6BR7 0-90 | 6U5G 100 | 12BH7 0-50 | 80 0-60
ECH35 1-00 | EF183 0-30 | . EZg1 0-20 | OB2 0-49 | PEN45DD PY83 0-38 UCHS 0-40 | 384 0-40 | 6BW6 0-90 SVGGT 0 45 | 30015 1 00 807 0-50
AZs1 055 | DY802 0-37 | ECH42 0-75 | EF184 0-35 | pyoo .40 | 0Z4 045 0-75 | PY500 100 | wropaes 035 | 3V4 048 6BW7 090 | 6X4 40 | 30C17 110 | 6080 175
AZ4l  0-60 | EABCS! ECHSL 030 | B0 090 | oowe. oon | PC86  0-60 | PFL2000-65 | PY800 0-47 . SRAGY 075 | 604  0-35 6X5GT 045 30018 090 6146 1.60
CBL31 1-00 - ECHSS 045 | EL33 175 . PC88  0-60 | PL36 0-55 | PYsol 0-50 | UCL83 0-65 | 5u4G" 0-40 | 6CD6G 1-30 | 7B6 30F5 100 | TUBES
L33 150 | EAF42 0-60 | BCHS4 045 | EL34 050 [ GZ30 0-45} pcooo 0-48 | PL3S 2:25 | spar 800 | UF4L 065 | 5vaG 050 [ 6CHG 0-60 41;; o7o 30FL1 0-80 | 2APL 400
CY31  0-50 [ BAF8010 50 ECL80 0-50 | EL37 205 | GZ32 0-50 | PCC84 0-40 | PL81 0-50 | SP61 0-75 | UF89 040 | 5Y3GT 0445 | 6E5 100! 7C5  1.13 | 30FL140-C0 | 3BP1 350
DAF91 0-30 | EBCS3 060 | ECLS2 0-35 | EL4L 075 | Gzss 060 | PCO8Y 0-50 [ PL82 045 | T41  1.00 | UL4l 065 | 574G  0-45 | 6F23 0-90 | 7C6° 075 | 30L15 0-95 | 3DPLA 3-50
DAF96 050 | EBC41 0.63 | BOLes 0-40 | EL42 065 | g5 g.go | PCCIE00-60 | PL83 045 | U25 085 | ULR4 0-43 | 6/30L2 0-90 | 6J5GT 0-40 | 7H7 070 | s0L17 0-95 | 3E@1 10-00
DCCY0 135 | EBCSL 0-33 | ECLL80O EL84 095 ( o F80 0-30 | PLsa 0.40 | U26 085 | UV4l 048 | 6AL5 022 | 637GT 045 { 787 = 225 | 30P12 1.00 | 3FP7T 150
F91  0-30 | EBFS0 040 2:25 | ELO1 040 070 | ECE86 060 | prsoo g.go [ U191 075 | UYes 040 | GAQS 042 | CK6GT 075 | 7Y4  0-75 | 30P19 0-95 | 3GP1 350
DF96  0-50 | EBFS3 0-40 | EFS7A 120 | EL95 035 PCF8010-50 | oy oion | U404 070 | VP4B 125 | GAS7 0-85 | 6K7GT 0-35 12406 0-60 | 30PL1 0-95 |5BP1 460
DK9L 0-45 | EBF89 0-32 [ EF39 0-60 | EL360 1.20 [ HN309 1.50 | PCF8020-50 U801l 118 | VR75/30 6AT6 0-38 | 6KBGT 0-50 | 12AD6 060 [ 30PL131-10 { 5CP1  5-00
DK92 070 | EBL3I 1-50 | KF41 065 | ELLSO 1-00 | KT61 1-75 [ PCF8050-90 | PL508 090 | 14 pogg 0-48 | 6AU6 0-30 | 6P25 1-75 [ 12AE6 0-80 | 30PL14 1-25 | 5FP7 3-00
DK9G 060 | ECC40 1-00 | EF52 125 | EM80 0-45 | KT66 2-35 | PCF8060-75 | PL509 1-60 . VRL105/30 6AVG 0-40 | 6Q7GT 043 | 12ATG 040 | 35L6GTO0-76 | 88D  10-00
DLY2 0-40 | ECCSL 0-40 | EFR0 0-25 | EM8L 060 [ KT8L (7C5) | PCF8080-90 | PL80Y 1-00 | UAF42 0-55 040 | 6BA6 0.28 | 6SGTM 0-45 | 12AT7 0-40 | 35W4 0-40 | CV429 2200
DIL94 048 | ECC82 0-33 | EF85 0-35 | EM84 035 118 | PCL82 035 | prage 0-05 | wncal o-55 | VR150/30 | cume g.g0 | 6S77GT0-20 | 12AU6 045 | 3523  0-%5 | CV960 8-00
DL9G 055 | ECCS3 0-33 | BFSG 030 | EYsL 040 | XTss 2-25 | PCL8S 065 | pooo 0-40 6SL7GT0-45 | 12AU7 0-33 | 3524GT0-70 | DG7-5 8-00
DM70 0-80 | ECCS5 0-40 | EF89 0-28 | EY86 0-40 | KTW611-00 | PCLS4 0-45 32 083 UBF800-40 | vgy .95 | 6BHG 075 | ganvgr 12AX7 0-38 | 50C5 0-60 | DG7-6 10-60
DY8s 0-85| ECO8S 0-40 | EF91 037 | EZ40 (0-50 | KTW621-00 | POLS5 0-50 [ PY33 . 0-63 | UBF89 0-40 | 1R5  0-45 [ 6BJ6 055 045 | 12BA6 0-45 | 50CD6G: VCR1388-00
DY87 0-36 | ECF80 0-35 | RF92 040 | EZ41 075 | N78  1-60 | PCL86 045 | PY81 0-30 | ucess 045 | 155 080 | 6BQ7A 0-55 | 6U4GT 0-70 | 12BEG 0-50 1-20
TRANSISTORS 2N3709 0-10 | AF116 0-25 | BF195 0-15 | CRS3/40 - | GJ7TM 0-37 | NKT128 NKT403 0A95 0:07 | 0C26 025 | 0C71 0-12 ; OC84 0-25 | ORP60 0-40
2N8710 0-10 | AF117 0-25 | BF196 0-15 0-50 | K8100A0-20 0- 0-75 | 0A200 007 0C28 ~ 060 | 0072 0-20 | OC125 0-65 | ORPGL 0-42
IN21  0-17°| 2N708 0-15 | 2N37110-10 | AF139 0-30 | BF197 015 | C81013 3-18 | MATI101 NEKT21} NKT404 0A202 0.1 0C29 060 | OC73 0-8¢ | OC139- 0-25 { 8X640 0:50
IN23  0-20 | 2N1302 0-18 | 2N3819 035 | AFZ12 1-00 | BFS61 0-28 | CV102 0-18 - . 0-55 | 0A210 025 0C30 040 | OC74 0-30 | OC140 035 | SX642 0-60
1N4001 007 | 2N1303 0-18 | 2N4286 0 15 | BCL07 0-10 | BFS#8 028 | V103 0-18 | MATI20 NKT213 NKT7130-25 | OA211 0-20 | 0C35 050 | OC75 0-25 | OC141 0-60 | SX648 0-70
1N4002 0-08 | 2N1304 0-22 | 2N4289 ¢ 15 | BCL08 0-10 | BFY50 0-22 | CV253 1-00 1- 0-25 | OA5 0-20 | OAZ2020-4% | OC36 0-60 | OC76 0-25 | OC169 0-20 | zg21 015
1N4008 0-10 | 2N1305 0-22 | AC126 0-20 | BC109 0-10 | BFY51 0-20 | CV21541-63 | MATI2L NKT214015 | 0A6  0-12 | 0AZ2100-32 | 0C41 0-95 [ 0C77 040 | 0C170 0-25 | Z822  0.45
1N4004 0-10 | 2N1306 0-25 | AC127 0-25 | BC115 0-20 | BFY52 0-22 | Cv2155 1-63 -30 | NET216 0A7 015 | 0AZ2110-32 | 0C42 0-30 | OC78 0-20 | OC171 030 | Zs170 o0.10
1N4006 0-15 | 2N1307 0-25 | AC128 0-20 | BCI16 0-25 BTY79] CV71084-00 | MJIES700-97 0-37 [ 0A9  0-10 | 0AZ2420-23 | 0C43 0-40 | OC78D 0-20 | 0C200 0-20 | ZSi78 0-40
18111 0-13 | 2N2147 0-75 | AC176 0-20 { BCI17 0-5i 100F 0-75 | CV71093-75 | MIE5200-87 | NKT217 0A10 025 | 0AZ2440-22 | OC4d4 017 | OC79 022 | OC201 070 | Zg271 018
18131 0-13 | 2N2218 020 | AC187 0-25 | BOIGICO- 15 BY100 0-15 | DD000 0-15 | MIE2955 -85 | 0Ad7 010 | OAZ2460-23 | OC44M 0-17 | OCST  0-20 | OC202 0-80 | ZT21 0-85
18132 0-13 | 2N2444 1-91 | ACI88 0-25 | BCY34 0-30 | BY126 0-15 | DDu06 0-18 -37 | NKT218 0A70° 010 | OCL6 050 | OC45 0-12 | OC8ID 020 | 0C205 0-40 | ZTX1070-15
2G220 083 | 2N2646 045 | ACY17 0-80 | BD121 0-85 | BY127 017 | GET1020-30 | MIE3055 113 | 0A71 010 | OCI6T 0-38 | OC45M 0-18 | OCSIM 0-20 | 0C204 0-40 | ZTX1080-12
2G301 020 | 2N2926 0-10 | AD140° 0-50 | BD123 0-80 | BYZ8eC CFT103092 | 0-87 | NKT301 0A79 0-10 | OCL9 0-37 | OC46 0-27 | OCBIDM 00205 075 | ZTX3000-12
2G302 0-22 | 2N3702 0-10 | AD149 0-50 | BF115 0-25 | serics0-15 | GET1160-50 | MPF102 -04 | 0A8L 008 | 0OC20 0-85 | OC57 0-60 0-18 | 00206 0-90 | ZTX3040:25
2NG96 0-15 | 2N3703 0-10 | AD161 0-37 | BF173 625 | ORS1/05 GHT8750-25 0-42 | NKT304 0A85 012 | 0C22 050 | 0C58 0-60 | 0C81Z 0-40 | 0C207 0-90 | ZTX5000-16
9N697 015 | 2N3704 (-12 | AD162 0-87 | BF180 0-35 0-25 | G1iX66 1-25 | MPF1030-85 075 | 0OA86 0-15 | 0C23 0-60 | OC59 0-65 | OC82 025 [ OCP70 0-42 | ZTX5030-17
2N706 0-10 | 2N3705 0 10 | AFi14 0-25 | BF181 0-35 | CRS1/40 GEX541 MPF104 NKT401 0A90 0-08| 0C2¢ 0-60 | OC66 0-50 | OCS2D 0-20 | OCP71 0-97 | ZTX5310-25
2N706A0-12 | 2N3707 012 | AF115 0:25 | BF194 017 0-47 075 0-37 0-87 ' 0A91 0-07 | 0C25 0-371 0C70 0-12 | OC83 0-25 | ORPI2 0-50
VALVES 5Z3 12E1 815 5726/ 6923 cv28 CV404 V2325 CV4043 E180F GXU2 ME1403 QS108/45
5Z4G 12E14 828 6ALSW | 6939 CV3l CvV4ls CV2361 CV4044 E181CC GXU3 ME1404 Q8150/15
1B3GT 3B28 13D1 829B 5727/ CV45 CV416 CV2466 CV4046 E182CC GXU4 ME1500 0S150/30
1B24 3B29 GAF4A 13E1 830B 2D21W | 7193 CV53 CV417 CV2516 CV4048 E186F GXU50 ME1501 Q8150/36
1B35A 3C22 6AKS 28D7 860 5749 7203 CVv73 CVv428 CV2519 CV4053 E188CC QS150/40
1B63A 3C23 AMS 2901 866 5750 7360 CV74 CV434 CV2520 CV4056 EA50 KTé6 0A2 QS150/45
1N21 3C24/24G | 6AM6 53KU 8664 5751 7586 CV85 CVdd7 CV2522 CV4059 EA52 KT67 043 QS150/80
1N21B 3C45 ANG 75B1L 866E 5802 CV118 CV449 Cva7al CV4060 EA76 KT88 Q81200
1N23B 3CX100A5 | 6ANS 75C1L B827A 5814 013 CVi21 CV466 CV2901 CV4062 ECC35 0A4G Q81202
1N23CR 3129 ARG 83A1 881R 5823 8025A CV1a4 CV469 CV3523 V4063 ECFg04 M8079 Q81208
1X2A 3J/121E 6AB6 85A1 89LR 5840 Cviz8 CV488 CV3929 CV4064 F50 MB080 0B2 Q81205
1X2B 3J/160E GAI_MGTA 85A2 5963 9001 CV13l1 CV491 CV3986 €CV4079 EPF54 M8081 0OB3 QU7
3J/170E AUSGT | 90AG 954 5965 9002 CV132 CV492 CV3988 CV4501 EF55 M8082 0D3 GV03-12
2A3 3Q/150E | 6AUG 90AV 955 9003 CV133 CV493 CV3991 CV4502 EF804 M8083 0G3 QV04-7
2A815 3Q/195E 6AV5GTA 90C1 956 6005/ 9004 CV135 ovri7 CV3998 CV4503 EFP60 M8091 0Z4 QV05-25
20264 384 BAWSA 900G 957 BAQEW | 9005 CV136 CV808 V4001 CV4504 EL91 M8096 0Z4A QV06-20
234 3V/340B | 6AX5GT ‘| 90CV 6021 006 CV137 CV1072 V4002 CV4507 EN30 MB8097 QY3-125A
2C39A. 3V/390A | 6B4G 95A1 1625 6057 CV138 CV1076 CV4003 CV4508 EN31 M8098 0T15 QY4-250A
2043 3V/390B | 6BASA 100TH 6058 132014 CV140 CV1092 V4004 CV5060 EN32 M8100 GY4-400A
2D21 i 6BK4 150B2 2050 6059 CV1d4 oVi219 CV4005 CV6004 EN9L M8136 42400
2D21W 4-125A BK7A 150B3 2050W 6060 A1834 CV160 CV1343 CV4006 CV6008 ESUT4 M8137 A2408 R10
2E26 1-250A 6BL7GTA | 150C1L 51 6061 42087 CV173 CV1475 V4007 V6045 ESU76 M8140 QA2404 R17
2731 4-400A 6BN6 15002 6062 A2134 Qv187 CV1476 CV4008 DAS0 ESU77 M8i41 QA2406 Ri8
2733 4B32 6BR7 150C3 40034 6063 42293 CV18s8 CV1477 V4009 Dadl ~ M8142 QA2407 SIS
2350 4085 BS7 15004 4212D or E | 6064 A2426 OV190 CV1478 CV4010 DAL Fos7 M8144 QB3/300 8130
2754 4CX250B | 6BX7GT | 950TH 42424 6065 A2521 QV220 CV1794 CV4011 Dalno F6060 M8i149 QB3-5-750 | 8150p
27564 4E27 BZ6 398 13130 6067 42900 Cv261 CV1480 CV4012 | paTes Tooo1 M8157 QB4-1100 | g7vas0/40
2K25 4750 6CB6 329 4328A. 6072 ACT6 CV273 CV1481 CV4013 063 M8161 QF41 STVag0/80
2K26 4352 6CH6 631-P1 4687 6073 ACT9 Qvasd V1482 CV4014 E55L FX219 M8162 QP45 STt /
2K 28 4J524 6CL6 5544 6074 CV286 cv1787 V4015 E80CC FX225 M8163 QQV02-6 . | Sues
2K 45 4353 6CW4 T05A 3545 6080 BIC 1E CV287 CV1832 OV4016 E80FC Fxa27 M8167 QQV03-10
2X2A 4X150A 6DK6 T15A s6097C BSYO CV31s CV1833 CV4017 ESOF G1/371K M8179 QQV03-20 TD03-10
4X1§0D 6DQ6B 715B _5_642 6130 BS{56 CV329 CV1835 CV4018 E80L G120/1B M8190 QQV03-20 TT15
3A/107A 1X250B 6EA8 723A/B 5644 6136 T5 CV337 CV1994 V4019 E80T G150/2B | M8196 QQV03-20A | TT21
3A/108A 6F33 T25A 5651 6189 BT35 CV342 CV2000 CV4020 E81CC G180/2M M8204 QQV04-15 TTR31MR
3A/108B 5B12§1M 6H6(metal) 5670 6187 BT45 CV34s CV2131 Cv4022 E81L G240/2D M8212 QQRV06-40 TZ40
8A/109B 5B/252M | 6K7GT 801 5672 6201 BT79 CV354 CValse cv4023 | B8ace G400/1K 8914 QQV06-404,
3A/110A | 5B/254M | 6UBA 803 5676 6202 BT83 €V359 CV2155 CV4024 E83CC GN4 M8223 Q870/20 7
3A/110B 6B/255M B6VEGT 805 5687 6203 CV360 CV2160 CV4025 RB83F GT1C M8224 Q875/20 u1g
SA/146F 5B/256M 807 5696 6205 c10 V371 CVa179 CV4028 E88CC GTR120W | M8225 QS75/40 v2r
3A/167M | 5B/257M | 11E3 808 5702 6360 C1K CV372 CV2235 CV4033 E90CC GTRlaoMs M8232 Q875/60 VL3651
3A5 5022 11E13 811 5718 6442 caAs22 | cvsrs V32387 CV1035 E9OL GU18 | M8237 QS83/3
3B/240M 5D21 12AY7 811A 5719 6463 CV5 CV391 CV2238 CV4038 EI1H GU20/21 M8245 QR92/10 Z360°T
3B/241M | 5R4QY 12B4A 8194 5725/ 550 CV25 CV305 QV2253 V4039 E92CC QU50 ME1400 | Q895/10 2759
3B24 5U4GB 12BY7A | 813 6AS6W | 6807 CV26 CV397 CV2289 V4040 E180CC GXU1 ME1401 | Q8105/45 ! Z803U
7410 0-20 7437 0-65 045 74107 0-50 74157 180
- in | o g | e b | s g
; . F - 74111 - 4174 -00
Ty ggg 7413 030 | 7441aN 075 1.0 74118 ooreo | 7aizs 135 LOW PROFILE
7408 .. .. 020 7416 0-30 7442 . 075 0-9 74119 o 180 74176 160 SOCKETS
7404 .. .. 020 7417 0-80 7450 0-20 045 74121 .. 060 74190 195 14 pin DIL, 150
1405 .. o0 7420 0-20 7451 0-20 075 74192 1-35 74101 195 16 pin, DL, 17p.
7406 - . o080 7422 048 7453 o020 1-00 74123 270 74192 2:00 c .
7407 080 7423 0-48 7454 0-20 075 74141 1-00 74103 200 Stockists of English
7408 020 7425 0-48 7460 0-20 075 74145 1-50 74194 250 Electric, Ferranti,
7400 0-45 7427 042 7470 0-30 0-80 74150 335 74195 1.85 M.O. Valve Co.
7428 0-50 7472 0-30 0-80 74151 110 74196 1-50 Mullard. S.T.C.
7430 0:20 7473 0-40 1-00 74154 2:00 74197 1-50 b 15
7439 . 042 7474 0-40 . 6% 74155 155 74198 4:80 :
7433 0-70 7475 0-55 .o 260 | 74166 1-55 74199 480
FROM 1ST APRIL ALL ORDERS SUBJECT TO V.A.T. AT APPLICABLE RATE, THIS MUST BE ADDED TO TOTAL ORDER PRICE INCLUDING POSTAGE.
Terms of Business: Mon. to Sat. Open to callers 9 a.m. to 5 p.m. Closed Sat. | p.m. to 3 p.m. Express postage 5p. for one valve; Ip each additional valve.
Express postage: 3p for one transistor, and Ip for each additional. Over 10 post free. All orders over £5 post free. Valves tested and released to A.R.B.
specification if required..

P.0- TYPE 3000
RELAYS 53ccoo

Contacts up to 8 changeover
Highest quality at competitive prices
with quick delivery service.
Quotations by return Home and
Overseas. Price guide available.
Brand New Post Ofice Type Uniselectors in
stock 25 way double ended wipers 8 level
all non-bridging£8-50 each. 11 level 1 bridging
10 non-bridging £10 each.
IMHOF BLOWER UMITS in a standard 18in.
rack mounting assembly wlth Glass Fibre Air
Filter and directional Duct. Capacitor Fan Motor

-WI'/&I'IIS O/f)S suiLrTo YOUR SPECIFICATION
s

r.p.m, £17'50, carr. £1-50.
HIGH SPEED COUNTERS

MINIATURE
3% in. X 1in. 10 counts per second,
g_?zzzsgg’ with with 4 figures. The following D. c.

voltages are available, 6 v., 12 v., %
gach as illus. s Coimmtiod ‘it iliary ~
wi auxilia

15p each for lots of 50 contacts, normally open, 40p extra. No resnt. £1-75 each
BRIDGE MEGGERS, SERIES |, 1,000 volts, range 0/100 M ohms-infinity, with resist
Box 0/9999 ohms. Brand new, £65-00 each. Carriage 75p.
FREQUENCY METERS. 45/55 c.p.s. 230 v. A.C. §In. dia. flush round £10. Post 70p.
BURGESS DOUBLE BREAK two circuit Microswitches 25 amp 250 volt A.C. 15 amp 460
volt A.C. £z per box of ten, £15 per 100. Post paid.
GEARED TORS. 1 r.p.m. or 3 r.p.m. 4 walts very powerful, reversible 24 v. A.C. £2-75,
post 20p, can be operated from 230 v. with our £1'20 Transformer Post 30p.

WILKINSON (CROYDON) LTD., LONGLEY HOUSE,
LONGLEY RD., CROYDON CF0 3LH. Phone 01-634 9236. Grams: WILCO CRDYDON

tone adjuster 25p

WW- 097 FOR FURTHER DETAILS

1/50th h.p. 200/250 volts or 100/125 volts 2,800

FOR EX STOCK
DELIVERY OF:

B.P.0. COMPONENTS

Manufacturers and Trade Enquiries only,
quoting BPO and/or Manufacturers Reference numbers

TELEPHONE & WIRELESS

COMPONENTS LTD.
147, The Broadway, London, NW9 7EA

el: 01-203 2814 Cables: Telwirco London NW9

WW-—098 FOR FURTHER DETAILS
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BI-PRE-PAK

SUPPLIERS OF SEMICONDUCTORS TO THE WORLD

COMPLETE TELEPHONES

NORMAL HOUSEHOLD TYPE
AS SUPPLIED TOTHE POSTOFFICE
EX. G.P.O.

" ONLY £1.05p
TELEPHONE DIALS

Standard . Post Office type
Guaranteed in - working order

ONLY 274p

P&P 163p EACH

TESTED AND GUARANTEED PAKS

g e
®1 10 fnaesiroope’t ** BBp
599200 qusniy. coumeamwoght 5P
" 250 qusmity coumed i wogh: 55
40 Speeandvanes " BBp
“0 20 TRILIEAE?  gep
oy g gy
" 10 g’ifg'géeﬁ ff'?ﬁ:fsr‘.fpsaéﬁc 945 HOp
i o

H35 Mixed Diodes, Germ. Gold bonded
100 etc. Markuede:nd Unmarked. 55p

H28 0C200/1/2/3 PNP Silicon

20 uncoded TO 5 can 55p
H38 Short lead Transistors,

30 e siticon Pranar types 55'1

H41 Power Transistors
2 Comp. Pair BD131/132 55[!
UNMARKED UNTESTED PAKS
B66 Germanium Diodes
1 50 Min. glass type 55p
B83 Trans. manufacturers’ rejects
200 2 types NEN, PNP, il and Germ. 55[]

B84 Silicon Diodes DO-7 glass
100 etlt{:Jiv. to l0A200, 0A202 55p

B86 Sil. Diodes sub. min.
100 IN914 and INS16 types 55[)
B88 Sil. Trans. NPN, PNP equiv. to
B0 oc200/1, 2n7064, BSYS5A, eto. 55p

B1 Germanium Transistors
50 eneoar and AF. 55[)

H34 PowerTransistors, PNP, Germ. NPN
15 Silicon TO-3 Can. P & P 5p extra. 55"

H17 3 Amp. Siticon Stud

20 Rectifiors. Mixed voits 55[1
H16 Top Hat Silicon Rectifiers,

30 7%0mA viedvolts b5p

H16 Experimenters Pak of X .
1 5 Integrated Circuits, Data supplied 55p
H26 40 NPN Silicon Trans. 2N3707-11 55')

range, low noise amp.

MAKE A REV COUNTER
FOR YOUR CAR

The "TACHO BLOCK’. This en-

capsulated block will turn any 7
0-1mA meter into a linear and ‘a

accurate rev. counter for any

v

car with normal coil ignition M’
system. '
£1.10 each

HE 250mW Zener Diodes
40 DO-7 Min. I(135;;sslfl)'ype 55p :

BI-PRE-PAK LTD

OVER 1,000,000 TRANSISTORS
INSTOCK

We hold a very large range of fully marked,
tested and guaranteed Transistors, Power
Transistors, Diodes and Rectifiers at very
competitive prices. Please send for
Free Catalogue. '

F R E E CATALOGUE

for TRANSISTORS,
RECTIFIERS,

] DIODES,
f}( INTEGRATED
CIRCUITS AND

Silicon Planar Plastic Transistors,
600,000 unmarked, untested — factory
clearance Audio PNP, similar to ZTX500,
2N3702/3, BCY70 etc. Audio NPN, similar
to ZTX300, 2N3708/9, BC107 8/9, BC168/9
etc. R.F. NPN and Switching NPN.

Please state type of Transistor required when
ordering.

ALL AT 500 for £3.30. 1,000 for £5.50.
10,000 for £44.00.

FULL PRE-PAK
LISTS

Plas;!c?tlggr?rgsgmrs

in stock, more on way!
NOW IN TWO RANGES

These are 40W and S0W Silicon Plastic Power Transistors

OUR VERY POPULAR 4p TRANSISTORS
FULLY TESTED & GUARANTEED

TYPE “A” PNP Silicon alloy, TO-5 can.

TYPE 'B” PNP Silicon, plastic encapsulation.

TYPE “E” PNP Germanium AF or RF.

TYPE ""F* NPN Silicon plastic encapsulation.

TYPE “G"” NPN Silicon, similar 2ZTX300 range.

TYPE ““H” PNP Silicon, similar ZTX500 range.

Various Types

8 RELAYS FOR f] - 1 0

Post & Packing 274p

Our famous P1 Pak is sl

leading in value for money. -
Full of Short Lead Semiconductors &
Electronic Components, approx. 170.
We guarantee at least 30 really high
quality factory marked Transistors
PNP & NPN and a host of Diodes &
Rectifiers mounted on Printed Circuit
Paneis. Identification Chart supplied
to give some information on the
Transistors.

Please ask for Pak P. 1. Only 55]]

11p P & P on this Pak.

A CROSS HATCH
GENERATOR FOR £3.85

YES, a complete kit of parts including Printed
Circuit Board. A four position switch gives X-hatch,
Dots, Vertical or Horizontal lines. Integrated Circuit
design for easy construction and reliability. This is
a project in the September edition of Practical
Television.

This complei:e kit of parts
costs £3.85, post paid.
A MUST for Colour T.V. Alignment.

STEREO DECODER £4.95

A ready built unit, ready for connection to the L.F. stages
of your existing FM Radio or Tuner Unit. A tell tale light
can be connected to show the presence of a Stereo trans-
mission and correct operation of the Unit.

The Unit is in the form of a small printed circuit, and no
further alignment is necessary, as all preset adjustments
have aiready been carried out at the factory.

it is recommended that a L.E.D. is used at the indicating
light and a suitable device .is available from us @ 33p.
Supplied with necessary instructions and written guarantee

of the very latest design, available in NRP or PNP at the most
shatteringly low prices of all time. We have been selling these
successfully in quantity to all parts of the world and we are
proud to offer them under dur Tested and Guaranteed terms.

RANGE 1 VCE. Min. 15 1:12 13-25 26.50
"HFE. Min. 15
40 Watt 22p 20p 18p
90 Watt 26%p 24%p 22p
RANGE 2VCE. Min. 40
HFE. Min. 40
40 Watt . 33p 31p 29p
90 Watt 381p 36%p 33p

Complementary pairs matched for gain at 3 amps, 11pextra
per pair. Please state NPN or PNP on order.

INTEGRATED CIRCUITS
We stock a large range of |.Cs at very competitive prices (from
11p each). These are all listed in our FREE Catalogue, see
coupon below.

METRICATION CHARTS now available.

This fantastically detailed conversion calculator carries
thousands of classified references between metric and British
{and U.S.A.} measurements of length, area, volume, liquid
measure. weights etc.

Pocket Size 15p.

Wall Chart 18p.

LOW COST DUAL IN LINE 1.C. SOCKETS
14 pin type at 163p eact

16 pin type at 18p each } Now new low profite type.

BOOKS
We have a large selection of Reference and Technical Books
in stock.
These are just two of our popular lings:
B.P.1. Transistors Equival and 40p, this
includes many thousands of British, U.S.A.. European and
C.V. equivalents. . .
The lliffe Radio Valve and Transistor Data Book, 9th
Edition 75p. Post & Packing 23%p extra.
Characteristics of 3,000 valves and tubes, 4,500 Transistors,
Diodes, Rectifiers and Integrated Circuits.
Send for lists of these English publications.
N.B. No V.A.T. to pay on books.

BUMPER BUNDLES
These parcels contain all types of surplus electronic com-
ponents, printed panels, switches, potentiometers, transistors

and diodes, etc.
2LBSINWEIGHTFORE1.10
Post and packing 274p.

-------\

Please send me the FREE Bi-Pre-Pak Catalogue.
ALL PRICES INCLUDE VAT I

Add 11p post and packing per order. OVERSEAS ADD
EXTRA FOR POSTAGE.

DEPT. 8,.222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX
TELEPHONE: SOUTHEND (0702) 46344
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MARCONI SIGNAL GENERATOR TYPE TF-144G: Freq. 85 Kc/s-25 Mc/s
in 8 ranges. Incremental: 4-1% at 1 Mc/s. Output: continuously variable 1 micro-
voit to 1 volt. Output Impedance: 1 microvolt to 100 millivolts, 10 ohms 100mV -1

volt - 52-5 ohms. Internal Modulation: 400 c/s sinewave 75% depth. External
Modulation: Direct or via internal amplifier. A.C. mains 200/250V, 40-100 c/s,
Consumption approx. 40 watts. Measurements 29 X 12} X 10 in. Secondhand
condition. £27-50 each, Carr. £1-50:

T.1509 TRANSMITTERS (FOR EXPORT ONLY): General-purpose HF
communications transmitter for use in fixed or mobile ground stations. Hand or
high-speed keying. Crystal or MO control, with temperature compensated MO
circuit.CW, MCW and R/T. Frequency; 1.5 to 20 Mc/s. Modulation: 100%
O/put impedance: 50 ohms. Audio input: 600 ohms. Valves: Power Amplifier
2 % 813 and Modulator 2 X '813. Power requirements 200-250 volts a.c.,
50 cycles. Power out put 300 watts. Dimensions 2ft. 6in. W. x 2ft. D. X
5ft. H. Weight: 800 Ibs. Excellent condition, price £225.00 each.
AN/ARC-27 TRANSMITTER/RECEIVER (FOR EXPORT ONLY):
Frequency 225-400 mc. 1750 channels 100 Kc apart with 18 preset channels.
Modulation: am. Power output 9 watts. Receiver is superheterodyne. Max.
output 2 watts. Antenna: 50 ohm impedance. Power requirements 24v d.c.
Complete transmitter with operating cables, control box, headphones, micro-
phone, Price £250.00 each secondhand, excellent condition.

POWER SUPPLY suitable for AN/ARG-27: 100 volts to 250 volts a.c.
input. 24v d.c. output @ 41 amps fully smoothed. £45.00 cach,

TEST SET TS-147C: Combined signal generator, frequency meter and power
meter for 8500-9600 Mc/s. CW or FM signals of known freq, and power or measure-
ment of same. Signal Generator: Ofput —7 to —85 dbm. Transmission—FM,
PM, CW. Sweep Rate—0-6 Mc/s per microsec. Deviation—0-40 Mc/s per sec.
Phase Range—3-50 microsec. Pulse Repetition Rate—to 4000 pulses per sec.
RE Trigger for Sawtooth Sweep—5-500 watts peak. 0.2-6 microsec. duration,
0.5 microsec pulse rise time. Video Trigger for Sawtooth Sweep—Positive polarity,
10-50V peak. 0.5-20 microsec duration at 10% max. amplitude, less than 0.5
microsec rise time between 90% and 109 max. amplitude points. Frequency Meter:
Freq. 8470-9360 Mc/s. Accuracy—-+2.5 Mc/s per sec. absolute, +1.0 Mc/s
per sec. for freq. increments of less than 60 Mc/s relative, +1.0 Mc/s per sec. a
9310 Mc/s per sec. calibration point. Accuracy measured at 25° C and 60 humidity.
Power Meter: Input: +7 to +30 dbm. Output —7 to —85 dbm. Price: £75 each
+ £1 carr.
SIGNAL GENERATOR TS-403B/U (or URM-81A): (Hewlett Packard),
A portable, self-contained, general-purpose test equipment designed for use with
radio and radar receivers and for other applications requiring small amounts of RF
power such as measuring standing-wave ratios, antenna and transmission line
characteristics, conversion gain, etc. Both the output freq. and power are indicated
on direct-reading dials. 115V, AC, 50 c/s. Freq.—1800-4000 Mc/s. CW, FM,
Modulated Pulse—40-4000 pulses per sec, Pulse Width—0.5-10 microsecs. Timing
—Undelayed or delayed from 3-300 microsecs from external or internal pulse.
O/put—1 milliwatt max., 0 to —127 db variable. O/put Impedance—50Q. Price
£120 used, excellent condition. Unused as new condition £150 -+ carr. £2.
TS-382/U AUDIO OSCILLATOR: 20 to 200,000 c/s. in four ranges. Freq.
meter check 60 c/s. and 400 ¢/s, Emission CW. O/put voltage: 1 uv to 10V +3%
in seven ranges. Power req. 115V AC single phase. Price £20 each, used good
condition. Unused condition £30 - carr. £1.50. -
FREQUENCY METER BC-221: 125-20,000 Kc/s, complete with original
calibration charts. Qhecked out, working order. £18-50 4 £1-00 carr. BC-221
Unused as new condition complete with headset, spare valves, charts. £35-00 +
£2-00 carr. -
TS-452 F.M. SWEEP GENERATOR: Power supply 115V, 50c/s, 5-100MHz
in 6 bands (rf o/put); 5-102MHz in 4 bands (freq. meter). Emission: F.M. R.F.
Voltage o/put -25V. Input impedance 470 ohms. O/put impedance 73 ohms.
?}ésg})ays band pass characteristics on 3in. C.R.T. S/hand good condition £95-00 +
-00 carr.
TS-419/URM 64 SIGNAL GENERATOR: Freq. 900-2100MHz. CW or
pulse emission. Power o/put Zero dbm-120dbm continuously adjustable to -2uy
into 50. O/put impedance 50 ohms with VSWR of 2:1. 115V a.c. 50 ¢/s. As new
condition £150-00 4 £2-00 carr.
TS$-622/URM 44 SIGNAL GENERATOR: Freq. range —7 to 11 GHz Power
ofput —10 to 127 dbm; Emission CW, FM, Pulse. Direct reading dials for both
t:“e«zlxzerégyc:?f power. Operates on 115 volts, 50-1000Hz. As new condition £175-00

CT.52 MINIATURE OSCILLOSCOPE: Portable. Operates from 115V or
250V 50-60c/s; or 180V 500c/s. A small compact tropicalised instrument
designed to meet requirements of radar and communication engineers and
general electronic service. Measures 9 in, X 8 in. X 6}in., Time base 10c/s-
40Kc/s. Y plate sensitivity 40V per cm. Tube 2}in, Frequency compensated
amplifier up to 38dB gain. Bandwidth up to 1 Mc/s. Single sweep facilities.
Complete with test leads, metal transit case. As new £27-50 each. Carr. £1.

TRANSFORMER HV: 228V input 19,500-0-19,500 4.5KVA, Wt. 220 lbs.
£30 each. Carr. £4.

TS-683 CRYSTAL IMPEDANCE METER: 10-140MH: dh:
condition. £75-00 each +£1'00 carr. @ secondhand good
TUNING UNIT: 24V geared motor driving double 25pf double spaced variable
capacitor. One m/c relay and 2 other relays. £2:50 each 30p post, good condition.
UHF ASSEMBLY: (suitable for 1,000MHz conversion) including UHF valves:
2C42, 2C46, 1B40 (complete with associated capacitors and screening), 3 manual
counters 0-999. Valves 6ALS5 and 8 x 6AKS5. £10-00 plus 60p post, good condition.
MODULATOR UNIT: complete with transformer and 2 x 807 valves mounted
in 19 in. chassis X 8 in. high X 8 in. deep. £4'50 secondhand cond., or £6-bt

RE UNIT: suitable for use with the above unit. Complete with 2 X 3E29 valw}es.
Ideal for conversion to 4 metres. £5: secondhand cond., or £7'50 new cond.
Carriage £1.
POWER SUPPLY UNIT PN-12A: 230V a.c. input 50-60 c/s. 513V and 1025V @
420 mA output. With 2 smoothing chokes 9H, 2 Capacitors, 10Mfd 1500V ad
10Mfd 600V. Filament Transformer 230V a.c. input. 4 Rectifying Valves type 523,
2 X 5V windings @ 3 Amps each, and 5V @ 6 Amp and 4V @ 0.25 Amp. Mounted
on steel base 19”Wx11”Hx14"D. (All connections at the rear.) Excellent condition
£6-50 each, carr, £1.
AUTO TRANSFORMER: 230-115V, 50-60c/s, 1000 watts, mounted in a strong
steel case 5 x 6}” x 7”. Bitumen impregnated. £7 each, Carr. 75p. 230-115V,
éO-GOc’g, 500 watts. 77 X 5”7 X 5”. Mounted in steel ventilated case. £4:00 each,
arr. 75p. .
MODULATOR UNIT: 50 watt, part of BC-640, complete with 2 x 811 valves,
microphone and modulator transformers etc. £7-50 each, 75p carr. .
CATHODE RAY TUBE UNIT: With 3in. tube, Type 3EG1 (CV1526) colour
green, medium persistence complete with nu-metal screen, £3-50 each, post 50p.
APN-1 INDICATOR METER, 270° Movement. Ideal for making rev. counter.
£1-25, post 30p.
AIRCRAFT SOLENOID UNIT S.P.S.T.: 24V, 200 Amps, £2 each, 30p post.
DECADE RESISTOR SWITCH: 0.1 ohm per step. 10 positions. 3 Gang, each,
0-9 ohms. Tolerance 4 1% £3 each, 25p post. 90 ohms per step. 10 positions,
total value 900 ohms. 3 Gang. Tolerance 4- 1% £3:50 each, post 30p.
TF-1041B VALVE VOLTMETER: Measures 25mV to 300V, 20 ¢/s to 1500
Mc/s a.c. Also 10mV to 1000V d.c. Resistance 0.02 ohms to 500 Meg. chms. Power
requirements 200-250 volts a.c. Secondhand; excellent con. £35-00. Carr. £1.
VARIAC TRANSFORMERS: Input 115V, cutput 0-135V at 2 Amps. £3 each
75p post. Input 115V, output 135V at 5 Amps. £5 each, 75p post.
RACK CABINETS: (totally enclosed) for Std. 19 in. Panels. Size 6 ft. high x 21
in. wide x 16 in. deep, with rear door. £12 each, £2:50 Carr. OR 4 ft. high x 23
in. wide x 19 in. deep, with rear door.£8-50, each, £2 Carr.
INSTRUMENT CABINETS: 19"W. x 16"H. x 16"D. £5-00 + £1:25 carr.
19"W. x 10"D. x 5"H. £2-50 + £1-00 carr.
FUEL INDICATOR Type 113R: 24V complete with 2 magnetic counters
0-9999, with locking and reset controls mounted in 3in. diameter case, Price £2
each, 30p post.
TS-418/URM49 SIGNAL GENERATOR: Covers 400-1000MHz range. CW
Pulse or AM emission. Power Range 0-120 dbm. £125 each, Carr. £1-50.
TN/130/APR.9 UHF TUNING UNIT: Freq. 4300-7350MHz. IF Output
160MHz with bandwidth of 20MHz and is electrically tuned by a d.c. reversible
motor. £27-50 each. Carr. £1.
APR-4 AM RADIO RECEIVER: 90-1000MHz. This receiver is suitable for
monitoring and measuring frequencies as well as relative signal strength, Power
Supply 115V 50¢/s. £100 each. Carr. £2.
SIGNAL GENERATOR TS8-497B/URR: (Boonton). Freq., 2-400 Mc/s in
6 bands. Internal Mod. 400 or 1000 c/s per sec. External Mod. 50 to 10,000 c/s
per sec. External PM. Percent Mod. 0-30 for sine wave. Am or Pulse Carrier.
O/put Voltage 0-1-100,000 microvolts cont. variable. Impedance 509. Price:
£85 each + £1-50 carr.
CLASS “D” WAVEMETER NO. 2: Crystal controlled heterodyne frequency
gleter6 Sovering 2-8MHz. Power supply 6V d.c. Good secondhand cond. £7:50 each.
ost 60p. .
RCA TE-149 HETERODYNE WAVEMETER: V-cut, IMHz crystal (0005%).
Accuracy better than 0°02%, Dial directly calibrated every 1KHz from 2-5-5MHz.
Useful harmonics up to 20MHz, Provision for fitting internal dry batteries, “As
new”’ complete with Manual and Spares. £14 each. Carr. 75p. .
R.216 RECEIVER: High grade HF and VHF Receiver for reception of CW,
MCW, AM or FM signals. Freq. range 20-156 MHz. Secondhand good condition
(complete with power supply) £65'00 each -+ £1-00 carr.
POWER UNIT TYPE 24: (for R.216 Receiver) A.C. operated 100-125V or
200-250V, 50c/s. “As new’’ £10 each. Carr. 75p.
ROTARY INVERTERS: TYPE PE.2I8E—input 24-28V d.c., 80 Amps.
4,800 rpm. Output 115V a.c. 13 Amp 400 c/s. 1 Ph. P.F.9. £17-50 each. Carr. £1'50.
POWER SUPPLY: 230V a.c. input; 3000V @ 2-5mA; 4v @ 1 Amp, 300-0-300"
E%OmA 56V @ 7.Amp; 6V @ 3 Amp. With smoothing capacitors etc. £10-00 each.
-50 carr.

GEARED MOTOR: 24V D.C., current 150mA, outpﬁt 1 rpm, £1-50 each,
30p post. ASSEMBLY UNIT with Letcherbar Tuning Mechanism and
potentiometer, 3 rpm, £2 each 30p post. SYNCHROS: and other special
purpose motors available. List 3p.

ACTUATOR UNIT: With 115V d.c. geared motor; o/put 12'5 rpm; torque
16 ins. oz; reversible; microswitches and potentiometer, £3:50 ea. +- 40p post.
DALMOTORS: 24-28V d.c. at 45 Amps, 750 watts (approx. lhp) 12,000rpm.
£5 each, 60p post.

%OTOR: 240V single phase, 2,400 rpm. 1/40 H.P. approx. Price £1-75 each,

p post.

CONDENSERS: 30 mfd 600 v wkg. d.c., £3-30 each, post 50p. 15 mfd 330 v a.c.,
wkg., 75p each, post 25p. 10 mfd 600 v. 43p each, 25p post. 8 mfd 2500 v. £5
each, carr. 63p, 8 mfd 600 v, 43p each, post 15p. 8 mfd. 1% 300 v. D.C. £1-25,
post 25p, 4 mfd 3000 v. wkg. £3 each, post 37p. 4 mfd 2000 v, £2 each, post 25p.
| 4 mfd 600 v., 2 for £1. 0:01 mfd MICA 2:5Kv, £1 for 5, post 10p. Capacitor 0-125
mfd, 27,000 v. wkg. £3-75 each, 50p post. 2-25 mfd 25 Kv. wkeg. £20 each, £3 carr.
2 mfd 125 Kv wkg. TCC RL 7002-97 £8-50 each, carr. £1. 10 mfd 3 Kv wkg.
55°C. TCC oil filled £7-50 each, £1 carr. 5 x 1 mfd 3 Kv wkg, 55°C, £6:50 each,
£1 carr, 12 mfd 1500v d.c. wkg. £3'50 each, 50p post.
CONTROL PANEL: 230 v. A.C., 24 v. D.C. @ 2 amps, £2'50 each, carr. 75p. .

OHMITE VARIABLE RESISTOR: 5 ohms, 5} amps; or 40 ohms at 2-6 amps;
500 ohms, 055 amps.  Price (either type) £2 each, 30p post each.

TX DRIVER UNIT: Freq. 100-156 Mc/s. Valves 3 x 3C24’; complete with
filament transformer 230 v. A.C. Mounted in 19in. panel, £4-50 each, carr. 75p.
ARS8 RECEIVER: List of spares, 5p. X

TELEPRINTER EQUIPMENT, REPERFORATORS, READERS, and
AUTO TRANSMITTERS ETC. Send for list, 5p.

REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA-41196 and power
supply 200-250V a.c. Polarised relay type 3SEITR. 80-0-80V 25mA. Two stabi-
lised valves CV 286. Centre Zero Meter 10-0-10. Size 8in. x 8in. X 8in. New
condition £7.50, Carr. 75p. )
WESTON INDUSTRIAL THERMOMETER MODEL 221: 0-100°C. 3in.
dia. scale. Accuracy 19%. Precision made coil within-coil structure. Changes in
temperature cause a rotary action of the Helix turning the shaft to which the pointer
is mounted. £2-80 each 30p post. Unused condition,

All U.K. orders subject to 109 Value Added Tax. This must be added to the

total price (including postage or carriage).

If wishing to call at
stores, please telephone
for appointment. -

new cond. Carriage £1.
W. MILL

3-B TRULOCK ROAD, LONDON, N17 OPG
Phone: 01-808 9213 and Wilstead 605 (STD 023 044).
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| Your Complete
Audio=Electronic Stores

2020 WATT INTEGRATED
$|l.|"ELD TEXAN I.C. STEREO AMPLIFIER :AD}TEISDT" CATALOGUE

o (As featured in ''Practical Wireless'' AN ABSOLUTE MUST IN ELECTRONICS
% FREE TEAK CABINET X som
plete kits!

May fo Augusi 1972

% SLIM ESIG?\J t ) LATEST EDITION ! Fully detailed and illus-
FEATURES., New slim design with 6 - IC's IC Sockets, 10 silicon
transistors, 4 rectifiers, 2 zeners, Special Gardeners low field

SILVER TRIM. Over- trated covering every aspect of Electrics—
slim line transformer. Fibre glass PC panel. Complete chassis work.

all chassis size plus data, circuits d
143" x 6” x 2" :Inform::tlgn. 1?80 Ps o
nes al ecial ow Prices
HIGH QUAUTY & STABILITY ARE PREDOMINATE FEATURES and Fully pGuaranteed.
—DEV BY TEXAS G NEERS FOR PERFORMANCE, Post
NELABILITY AND EASE OF CONSTRUCTION, PRICE 55p Paid
FACILITIES. On/off swﬂch mdnca’tor, headphone socket, &
separate treble, bass, volume and balance controls, scratc
and rumble filters, monolstereo switch, input selector; Mag. }
P.U. Radio Tuner, Aux. Can be altered for Mic, Tape, Tape:
head, etc. (Parts list Ref. 20 on request). Constructional
details {ref no 21) 30p.

high.

(40p FPOR CALLERS)

FIVE 10p
VOUCHERS

P. & P. 45p. . For use with purchases
COMPLETE WITH FREE Send to this address—HENRY'S RADIO LTD,
TEAK CABINET (Dept WW) 3 ALBEMARLE WAY, LONDON,
Designer approved kit distributed PW Tricol E.C.1.—for catalogue by post only. All other mai! to
by Henry's Radio Ltd. 26 p;;":p‘;‘_ﬁ'} ‘303" and callers to ‘404’ see below

MayfJune

TO ALL ORDERS INC. CARR.[PACKING. (NOTE: CATA on request (52A)
NOT SUBJECT TO VAT ! ¢ LOGUE IS

VATALL PRICES ARE EXCLUSIVE OF 10% VAT WHICH MUST BE ADDED 1973, Parts list

BULD A VHF/FM TUNER SINCLAIR PROJECT 60 INTEGRATED CIRCUITS ! ! il (e e vou

h " "
BUILD THIS VHE EM MODULES_SAVE £££ s can buy the genuine article from us at competitive prices from stock?
D s rRanINER oo s BRANDED FROM TEXAS LT.T. FAIRCHILD
BANDWIDTH, PRINTED Z30 £3-57 Type 1/11 12/24 25/99 ; Type I1 12/24 25/99 | Type 1/11 12/24 25/99
cmcun- HIH FIDELITY STEREQ 60 SN7400  20p 18p 16p ) SN7451  20p 18p D
EPR UCTlON MONO £797 SN7401 20p 18p 18p | SN7453 20p 18p 16p | SN74150 £3-35 £2-95 £2-15
TEREQ 4] £6:37 8N7402 20p 18p 16p | SN7454 20p 18p 16p | SN74151 £1-10 95p 90p
AN popular VHE FM Tuner | 250  £437 PZ5  £397 Pz £477 § SN7403  20p 18p 16p|SN7460 200 18p 16p [ SN74153 £1-35 £1-27 £1-20
for quality and reception of Transformerfor PZ8 ...................... £2:95 SN7404 20p 18p 16p | SN7470 30p 27p 25p | SN74154 £2-00 £1-75 £1-55
by Active Filter Uni ..£4-45 8N7405 20p 18p 16p{ SN7472 30p 27p 25p | SN74155 £1-55 £1-47 £1-35

mono and stereo. There is Stereo FM Tuner p
it— i SNT7406 30p 27p 25p§ SN7473 40p 37p 35p | SN74156 £1-56 £1-47 £1-35
D e o marntaly MpCives the REAL sound. | jeiz..... £ pr. SN7407  30p 27p 2bp | SN7474  40p 37p 86n | SN74157 £1-80 £170 £1-50
TOTAL£6-97p.p 20p. Mk | Decoder Kit £5.07, Built Post etc. 20p per item. SN7408  20p 19p 18p | SN7475  55p  52p 50p | SN74160 £2-60 £2.40 £2:25
IC Decoder £6:50 ) K gN7409  45p 48p 35p | SN7476  45p 4%p 39p | SN74161 4£2.60 £2.40 £2-25
Tunt ) PACKAGE DEALS SN7410  20p 18p 16p | SN7480 75p 67p | SN74162 £3-40 £3-25 £2-70
uning meter unit £175, | 2xZ30, Stereo 60, SN7411  23p 22p 20p | SN7481 £1-25 £1-15 £1.10 | SN74163 £3-40 £3-25 £2-70
TOTAL Mains unit (optional) 2xZ30, Stereo 60
Maing untt for T SN7412  42p° 40p 85p | SN7482 p 80p 70p | SN74164 £2.75 £2-30 £2.10
PRICE Mains unit for Tuner and ‘§ 2xZ50,Stereo 60, SN7413  30p 27p 25p | SN7483 £1:00 90p 85p | SN74165 £4-00 £3-50 £3-00
PeC(oner 6/12 £3-25. Transformer for PZ8 SN7416 30p 27p 2bp | SN7484 90p 85p 80p | SN74166 £4-00 £3-50 £3-00
05t 20p. PROJECT 605 KIT SN7417  30p 27p 25p | SN7486  45p 4lp 38p | SN74167 £8-25 £5-60
SN7420 20p 18p D 7490 7op 70p 85p | BN7 £4-10
-DISC: S el Ol el 08
, N742. '] D D 3 D N74175 &
PA-D'SCO-L'GHT'NG!! 8N7425 48p 40p 35p | SN7498 W5p  70p 65: 8N74176 £1-60 £1-35 £1-20
SN7427  42p 39p 35p | SN7494  80p 75p Y0p | SN741v7 £1-60 2135 £1-20

SN7428 50p 4bp 42p | SN7495 80p 75p 70p | SN74180 £1-55 £1-30 £1-20

UK's Largest Range-Write, phone or call in. Details and demonstrations on request. . SN7430 20p 18p 18p{ SN7496 £1-00 9%p 95p | SN74181 £7-00 £6-00 £5-50

DJ30L 3 Channel sound to light unit, 3kw.  £29-50 DJ1000 100 watt %56300 2
- 2 42 8 X - -00 | SN74182 £2- - g

Dysos 376332?("5"5'\2':a(rg:m-ll;\e)rtohght 3kw. £3875 | DJ300150 walt rms “Group" Valve Amplifier £86:00 SnTish 769 ggg 2211; SNTai0 S950 Bon ig-gg N i540 8200 $190
DISCOAMP 100 watt amp. /mixer y 4 Fibre Optics Lighting. Mics. Effects. Projectors. § SN7437  65p 60p 50p | SN74104 £1-45 £1:35 £1-20 | SN74185A £2-40 £2-00 £1-80
D105 30 watt Disco amp. mixer £32.25 glm(s. Dimmers —Stands. Mixers. Speakers. SNTis o b | ANTaley o £135 #1230 SNT4190 190 2180 217
Anti-Feedb:ck. Quality Mic ﬁﬂg F;«;‘gg:gg kftirl Pt?‘-—fbl':cc—l-lghhng. SN7441AN 75p 72p 70p | SN74110 80p 70p 60p | SN74192 £2-00 £1-90 £1-80
DJ500 50 watt PA Amplifier . ® st Ref, No. 1 SN7442  7hp 72p 70p | SN74118 £1-00 95p 90p | SN74193 £2-00 £1-90° £1-80
DJ700 70 watt ° £1395 | § FORTABLEDISCOS DETAILS ONREQUEST. § Sn744s 4100 950  90p | SNT4119 £190 £178 £1:65 | SN741o1 £2:80 4225 5190

ALL SN7445  £2-00 £175 £1-60 | SN74121 60p 55p 50p | §N74195 £1.85 £1-70 21-80

. SN7446  £2-00 £175 £1-60 [ SN74122 £1-85 £1-25 £1-10 | SN74196 £1-50 £1-40 £1-30
6 AMP RANGE (Tom 15 AMP RANGE (TO“) SN7447 £1-75 £1-60 £1-45 [ SN74123 £270 £2-55 £2-47 | SN74197 £1-50 £1-40 £1-30
SC40A SC50A 100 RSEI(."L'I!I‘EI%#S 8N7448 £1-75 £1-60 £1-45 | SN74141 £1-00 95p 90p | SN74198 £4-60 £3-70 £3-35

Scios 200 90!’ SC508 200 E SN7150 - 20p 18p  16p | SN74145 5150 £1.40 £1.30 | SN74100 5460 £370 5335
ASCpDaNiTH SC4b 4o £1e0 SCHD 40 £165 PRICES OF 7400 SERIES ARE CALCULATED ON THE 1C SOCKETS
Type O Vot brice SCH0E e 2850 wire EnpED TOTAL NUMBER ORDERED REGARDLESS OF MIX, 16 lead 17p
POV, 41 10 AMP RANGE (TO48) TIﬁACS-— 5p PLASTIC LARGER QUANTITY PRICES PHONE 01-402 4891 14 lead 15p
3 AMP RANGE SC45A 100 95p  Additional Types Type P.LV. 1-11 - 8 lead 15p
SC35A 100 75p SC45B 200 £1-00 40430 (1066)  85p Wl 1 amp miniature ‘ 7 SEG & NIXIE TUBES
SC35B 200 79p SC45D 400 £125 40669 (Piastic) £1-00 (Post 15p per 1 to 6)
SCsD 400 8p SCISE 500  £145 4osm6  (TO5)  sop § INOOT 50 e XN, SNTS, ENE D5 Side view
iIN4003 200 8p . with data, asp. X
SE250B Pocket Pencil Signal injector £1-90 X 28 0!
NEW BRIDGE RECTIFIERS Ot a0 4ap | sES0  Pocket Pencil Signal Tracer £1'50 o dae B i i daga.
SMALL SIZE AND LOW COST IN400G 800 12p § THL33D \F}\z‘:;?agglw £4-55. %o £2 cach, £ per 4
. r
Troe Yolis Price BI20 0 Mp TWO AMPS B0 200 5 IN4007 1000 5P g5 Grid. Dip Metor 40 KHz-280 mHz St doioo. £2 each, 1 pe
V.1 HXILX ] ini X
HALF AMP P Boos % asp Bjsoo o0  7sp | - amp miniature B oo 30 KIV Multimeter £9-25 }fef"ﬁo?“'mh%‘;;,,c'“k cireuits
BO5/05 50 20p B2/100 100 40p B4IBOO 800 £1-00 § PLA00Y 50 8p With leather case £10-50 :
BO510 100 25p ONE AMP (G.I) B2/200 200 45p SIX “AMPS Pidooz 100 9p M o00H 20 K/V Muitimeter £4:20. ULTRASONIC
TUBULAR B2/600 600 50p iHXILX- PL4003 200 10p With case £9-50 TRANSDUCERS
ONE AMP ix3H W005 50 30p B2/10001000 60p 86/100 100 70p ] PL4004 400 10p AF105 50 K/V Multimeter £8-50. Operate at 40kc/s up to 100
TUBULAR Woi 100 35p FOUR AMPS B6/200 200 75p § PL4005 600 12p With case £050 yds. Ideal remote switching
B1/05 50 25p W02 200 40p FHXILX:: B6/400 400 90p [ PL4006 800 15p U434t AC/DC Multimeter with transistor and signalling. Complete with
g g. p!
B1}10 100 25p WO6 600 45p B4/100 100 60p B6/600 600 £1-00 | PL4007 1000 16p tester. Steel case £10-50 data and new I.C. circuits.
TE20D E;r??gerator 120KHz-500MHz £16-50 %:DRICE PER PAIR £5:90. Post
m SILICON CONTROLLED RECTIFIERS NEAR TE22D ét‘dio Conerator 20 200KHz 81750 p.QUALITY SLIDER
Type  Voits Price THREE AMP (TO48) SEVEN AMP (Tos®) || ci-5 %’;r‘:“'se Scope 10Hz-10mHz £39-00 comm e bates and
P.LV. 11 CRS3/05 50  30p CRS TS 10 Hem(O/P AMPS) ¥ Tees Valve Voltmeter 28 ranges £17:50 ganged. Complete with knobs.
ONE AMP CRS3/10 100 - 30p CRS 7/400 400 700 K . Carr. 40p 5kQ, 10k, 25kQ, 100kQ
sl s 2 CRS3/20 200  35p CRS 7/600 600  9sp J 702CTO5 15 ALL NOMBREX MODELS IN STOCK 230KS2, 500kS2. 1 meg, Log and
» CRS 3/40 400  45p SIXTEEN AMP 709C TO99  35p Lin. 40p each, 10kS2, 25kS2
CRS1/10 100  30p 70C DL,  35p Mw iLw 50402, 100k O, 250k, L d
CRS3/60 600  55p SCR 16/100 100 65p " TUNER , 100k &, og an
CRS1/20 200  30p SCR 161200 200 705 [} 723C TO99  £1-00 “BANDSPREAD Lin ganged. 60¢ each.
CRS1/40 400  35p FIVE AMP (T066) SCR16/400 400 _gop B 723C D.LL. - %58 PORTABLE MWW i ADS
CRS1/60 600  4sp CRS 5/400 60p SCR 16/600 600 _ £1-00 § 725C (T009) £4.50 § 1o puitd MWILW Super- | Tuner'to build WMARRIOT TAPE HE
71 DAL. Sop | hel Redie wsino Mullard | s Tuning, or 2 TRACK STEREO
SL4030D PLESSEY FREE STOCKLIST 147G 1099 *gr10 | RPAF Modile, cabme‘_ Mullard Module “47 High impedance  £2:00
3 WATT R.M.S, 1.C. Ref. No. 36 Revised Regularly ?Igglf?é‘iL £101;3 All parts £798, P. & P ALL PARTS ..;gn ng'_mevef;g?e gggg
Complete with 8 page Data TRANSISTORS, IC's 72748P D.LLL, 60p 32p. (Battery 22p extra) £48. P. & P. Erase Heads for above T5p
Booklet and Circuits £1-50. DIODES. TRIACS. " 15p. 63" 2 track mono—High
(SP.(‘J‘.'EO?N Stereo 60p; Heat gEN%Rs LD RS CR's MINIATURE . Impedance £1°
ink 14p). ag? Head for ab
Also Sinclair 1C12  £1-80. This advert. contains AMPLIFIER ZEN ER Dlon Es ’ 'l;g- Erase Head for sbove
TH9013P—20 watt Power Amp just a small selection 5 transistor. A |
Module £4-57. of the thousands of 300mW ofp. Fitted — - R
* devices kept in stock. volume and sen- 400 M/W 5/ Min- 254- 9p; 100+ 8p; All voltages. 6.8- 2 Wait 5/ Plastic.

THO014P-IC Preamp £1'50. B gend for Stock List sitivity control, O f| iature. BZY 88. 500+ 6-5p. Any 100 Voits. 20p ea.  2EZ Range, 6.8.33

DataICIrcuIls for above Today ! Quantity volt operated. Range. All vol- one iype. 254 18p; 100+ Volts 25p each,
No. 10p. prices Phone: £1-75 each P/P tages 3.3-33 Volt. 1% Watt 5] Wire 16p; 500+ 12p. Watt Plastic,
ZN414 RADIOIC £1:20. 01-402 4891, 15p. 10p each. Ends, Metal Case, Any one type. ere Ends. 5[,

_All stores within 200 yards — call in and see for yourself

" 404-406 Electronic Componentsand Equipment01-4028381
354-356 High Fidelity and Tape Equipment 01-402 5854

' 309 PA-Disco-Lighting High Power Sound 01-723 6963 .
303 Special offers and bargains store Open.:- 9am-6 pm

- Allmail to 303 Edgware Road, l.andon w2 76 w . 6 days a week
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G. F. MILWARD

ELECTRONIC COMPONENTS

Wholesale/Retail : 369 Alum Rock Road, Birmingham B8 3DR. Tel. 021-327 2339

Special Offer!!”
SMALL ELECTROLYTICS

Capacity  Voltage Ref, No. Capacity Volitage
1t 150v H7[4A 64ui 35v

MULLARD ELECTROLYTIC CAPACITATORS
071 and 072 Series

80uf Waorking
Type No, Voltage Vde.
071 15332

071 15472

071 15682

071 15103

071 18222

072 15752

072 15113

071 16222

071 16472

072 16502

Ref, No.
H8/1
Max. Ripple
Curreni at 50°C Weight
2:4 amps 1oz

39 amps 102z
5-8 amps 130z

Capacitance
uF Price

2200
7500 + 7500
11000 + 11000
2200

4700
5000 + 5000
7500 -+ 7500
3400 + 3400
5000 -+ 5000

072 17502
071 18681
072 18172

106 and 107 Senes
106 15108

106 16223 22000
106 17103 10000
106 18153 15000
107 10222 2200

Type No.

680
1650 + 1650

10000

10 amps

Capacitance Weight
102 15163 16000 8oz
104 90003 39000 160z
102 16802 8000 70z
104 17562 5600 Soz
104 90001 20000 160z
104 18332 63 3300 50z
A further 10% discount on lots of 100 of any one type.

1000uf
2200uf

Please calculate the weight of your order and include appropriate postage.

Ordinary Ordinary Ordinary Ordinary
Not over Parcels | Not over Not over Parcels | Not over Parcels
13 16p | 4ib 10lb 37p 18lb : 57p
2lb 2ip 6lb ° 14lb 47p 22ib 67p
TRANSISTORS NEW! NEW! NEW! NEW!
Output Transistors Field Effect Trans:stors An aerosol spray providing a convenient means of producing any number of copies of a
BD 112 .. 25p BFW 12/13/14 .. . 25p printed circuit both simply and quickly.
B5%% . n o v Ui | MigaphswKEN m | R e T S
— BES 18R 4 v o o o developer, rinse and etch in normal manner.
LD A 400/403/450/452 .. . 10p
Small Signai N.P.N. e rEe T Light sensitive aeroso! spray i ce e ae .o .. £100 Dplus
gg 13&; . . .. “ . ::; "68'\?911A'a“5m' ers 24 Developer and Etchant . . .- . . . - . 50p postage
BF194 .. .. .. .. .10 CQY 12A - ST - [ .
e nght-sensmve Trans.
Tranemitting Types £ OCP 70 20p ) NEWER THAN NEW!I! i % 1 VEROBOARD
BLY 89A t o b g5 Complementary Drnvers, 2 watt (per Fibre Glass Board pre-treated with 2%4in X 1in X 0-15in .- 6p
BLY 93A .. . . ey r‘Na':'%l‘G‘!gAp'lelEr)D CIRCUITS Iighsusensiﬁ\ze‘ lacquer %nabling you‘hto 2in X 2%in X 0-16in . . ;Gp
— — ek L produce prototype printed circuits within 33in X 3%in x 0-15in , . . 5p
‘Microwave Varactor Diodes TBA 500 Luminance L.C. .. .. £1 fve minutes, ¥ 5in X 24in X 0-15in . . 250
BXY 27/28/32/35/36/37/38/39/40/41 £1 TBA 510 Chrominance 1.C. .. 3 75mm X 100mm .~ .. .. 33p Sin X 3%in X 0-15in . . . 30p
FEQ 101 64bit Memory. . . o &1 150mm X 100mm .~ . .. 66 17in X 23in X 0-15in .. . o 9P
Micc;‘o\yvrove Detector 5 7400 . . . . . }gp 150nm X 200mm .. .. . 212% ;Zin b3 2%in X g-15m . ;?p
.. . 7401 . . <. 12p 250mm X 200mm - 2in X 2%in X O-1in P
410 . - .. 12p Epoxy-Resin . 3%in X 3%in X 0-1in .. - .. 23p
Mg{t;g;ve Mixer £20 7420 o e :ip 75mm X 100mm e .. 229 sin X 2%n X gqin e e 25p
- 7440 . P 100mm X 150mm .. . .. 44p 5in % 3%in X in ..
7453 . . .12p 150mm X 200mm e . .. 88p Spot Face Cutter 38p. Pin Insert Tool 57p.
Mg’l'_‘gg%v"' _G"""' Effect Oscillator " £10 ;gg X . N, ggp Terminal Pins (0-1 or 0-15) 36 for 22p.
CL 8380 .. £10 S o
7473 . . . . R2p
CL. 8390 .. £10
7474 . . - 32p MULLARD POLYESTER ERIE MONOLITHIC CERAMIC
SR B SERACLTONE o sac Son s g
i 1 Di . . - 9%5p 500,000 in p each; 24p dozen; ‘15 per
Microwave Tunnel Diodes s 7490 . . lls%p 001uf  -0018uf  00Suf  -O1uf 10pt 68pf 560pt
AEY 16 .. .. L £10 7491 [T . 78p -0012uf  -0022uf  -Qiuf DSSm‘ 15pf 100pf 620pt
7492 .- 58p 0016uf  -0027uf  -012nf -082uf 22pf 150pf 680pt
R.F. Transistors 7493 .. 58p 20p dozen; 75p-100; £5-1,000; £40-10,000 33pf 220pf 1,000pf
BF 180 . . . .. .. 20p 7485 . . . 68p 15uf A8uf 22uf ‘3ouf 681 39pf 330pf
ik?f;‘ . . . . . ;gp 2282 o . :g: zop dozen; £1-100; £6:50-1, 000 £50- 10 000 47pf 470pf
.o . - L
_l?_Ecolnsblth ?;Ag';.s BALRGAIIN' ;l;hesverzrstbegt gnz;ishLMadel Iowno;seshtlgl‘;-qgab!aty
ape! 5in Standard 38p. Long-play 45p. 5¢in Standard 45p. Long-play 60p. 7in Standard 60p.
Long-play 82p. We are getting a fantastic number of repeat orders for this tape. Might we
‘sugg;;‘s et Poustas n}gzﬁ “é“i‘é'swez Sy oce Mook et mene ow prces? oy RECTIFIERS 1N4007 1200 peak volts, 30
TRANSIST! D U [od y vol Wi reversed polarity
protection. l}watt t¥pe with reflector lgunableII’or tkents. gtc. 1£3. Pgs}age,Pbac‘ltung 2.’;]}3‘ 15 \far:t amps Peak cu rrent 1 amp mean current 1 oo
type, batten fitting for caravans £4. Postage/Packing 25p. watt type, batten with switc
gl x 2in 3 1n £6. PostageiPackina 25p. THESE CAN BE SENT ON AFPROVAL AGAINST for £7-50, 1,000 £50.
L PAY

100 1-; WATT RESISTORS 1 VERO-BOARD CUTTER 20 ASSORTED UNUSED 6 COMPUTER PANELS

100 CERAMIC 52— in.x1in. x 15-BOARDS MARKED, TEST] CONTAINING MASSES OF
CAPACITORS 0 5Q. INS. “ODD PIECES" TRANSISTORS DIODES, TRANSISTORS,
100 DIORES BC108 ETC. INDUCTORS, RESISTORS

& CAPACITORS
| PACKNo. 7

PACK No. 1 PACK No. 3 PACK No. 5
100 RESISTORS 100 RESISTORS 1 TRANSISTORISED 100 RESISTORS
£1 100 CERAMIC 1 100 CERAMIC 1 SIGNAL TRACER KIT 100 CAPACITORS
CAPACITORS CAPACITORS 1 TRANSISTORISED (ASSORTED TYPES)
0 POLYSTYRENE 50 MULLARD POLYESTER SIGNAL INJECTOR KIT
CAPACITORS CAPACITORS
| PACK No. 2 | PACKNo. 4 | PACK No. 6

REMEMBER!

ALL GOODS PLUS 10% V.A.T.

| PACK No.8

G. F. MILWARD, Drayton Bassett, Tamworth, Staffs. Postage (minimum) per order 15p.
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C. T. ELECTRONIC
Semiconductors

267 ACTON LANE, LONDON W4
5DG

01-994 6275

COMMUNICATIONS EQUIPMENT
POCKET V.H.F. F.M. RADIOTELEPHONE
Cossor Type CC2/8 Mk. 2.

Fully transitorised transmitter/receiver availabie

in two versions:—
Low band; Freq. range 71.5-104MHz.
R.F. Qutput 500mW.
Complete with £ wave whlp aerial, combined
microphone/loudspeaker and 13.3V. rechargeable
nickel-cadmium DEAC battéry Price £75 4 v.a.t,

U.H.F. 2 watt FIXED RADIO LINK.,
24V. dc./240V. ac. F.M. TRANSMITTER/Type
CC RTX 4A Mk. |

R.F. Output 2W at 450-470MHz.
RECEIVER/Type CC RR4A Mk. |
Price £80.00 per unit
Full Technical and operating data available. Prices
and details on request. Mains Power Pack for the
above £12.00 each.

I + | CARRIER EQUIPMENTS. Cossor Type
CC M2A.

Solid state multiplex installations designed for
U.H.F. radio systems enabling 2 speech channels
each with out of band signalling, if required or
the equivalent in telemetry information, to be
transmitted simultaneously over a radio system.

Prices and details on request.

V.H.F. RADIOTELEPHONE BASE
STATION. Cossor Type CC 603 Transmitter.
Simplex or duplex operation, local or remocte
control with talk through facilities, using double
sideband a.m. modulation.

Low-band 71.5-104MHz. or High-band 156-174MHz.
versions available.

RF. OQutput power 25W. into 50 Ohms.

24V.dc. operation. Pricesand details on request
OPTIONAL POWER SUPPLY Type CC 101 for
type CC603 base station P.O.A.

SELECTIVE CALL SYSTEM. Codar Type
CC 505/50 (50 way) or CC 505/100 (100 way).,
The Cossor selective call system may be used with
any communication system where a base station
is required to call any one or all of a number of
sub-stations. Both versions available, all new and
in original packing.
Price: 50 way £65 + v.a.t,
100 way £80 -- v.a.t.

DEAC RECHARGEABLE BATTERY
CASSETTES 13.4V (nom.) type B/SA 80351/108
Heavy duty encapsulated DEAC supply.

Size 34 X2+ X l4in. Price £5 + v.a.t.

8-WAY BATTERY CHARGER Type CC 999
Charges up to 8 of the above battery cassettes.
Price £25 - v.a.t.

12-WAY BATTERY CHARGER Type CC 999
Chargesup to 12 of 13.4Y DEAC batteries. Metered
battery condition check. Price £35 + v.a.t.

MICROPHONES
S. G. Brown Stick Microphone and Stand. Push-
to-taik button. 300Q. £5 complete.
S. G. Brown Hand- held with push-to-talk button.
£8 each.

AC107 35p | BC238 12p | MJ2001  £2/20 | OC28 55p | TIP30C 78p | 2N2160 55p
AC125 25p | BC239 12p | MJEB40 50p | OC35 50p | TIP31C 85p | aN2222 20p
AC126 25p | BCY30 30p | MJE37D 73p | OC36 60p | TIP32C  £1-03 | 2N2222A  3dp
AC127 25p | BCY33 30p | MJEST1 86p | OC42 30p | TIP33C  £1-30 | 2N2398 -
AC128 25p [ BCY34 30p | MJES20 59p | OC44 20p | TIP34C  £1-20 | 2N2646 50p
AC176 25p | BCYSS5 60p | MJES521 73p | OC45 20p | TIP35C  £3-20 | 2N2846  £1:50
ACY17 25p | BCY70 20p | MJE2955 £1-95 | OCT0 15p | TIP36C  £4-10 | 2N2904 20p
ﬁgﬂg ggp BCYT1 20p [ MJE3055  85p | OCTH 170 | TIP41C 95p | 2N2905 25p
ACY20 255 BCY72 20p | MM1613  43p | OC72 20p | TIP42C  £1-10 | 2N2906 22p
ACY39 50p | BD121 75p | MM1712 60p | OC75 25p | TIS50 40p | 2N2907 25p
ACY21 25p | BD123 5p | MPF102 45p | OC76 25p | zTX107 15p | 2N2962 10p
AD140 55p | BD131 75p | MPF103 oC77 40p | ZTX300 15p | 2N3053 30p
AD149 65p | BD153 75p | (2N5457)  35p | OC81 23p | ZTX500 15p | 2N3054 a6p
AD161 37p | BD156 75p | MPF104 ocs2 25p | ZTX531 27p | 2N3055 50p
AD162 37p | BDY11  £140 | (2N5458)  35p | OC83 22p | 1N659 7p | 2N3232 98p
ADz11  £1'50 | BF152 20p | MPF105 ocs4 25p | 1N914 8p | 2N3702 10p
AF114 25p | BF194 14p | (2N5458)  40p | OC139 30p | 1N916 8p | 2N3703 10p
AF115 25p | BF195 15p | MPSA06  35p | OC140 30p | 1N40G1 8p | 2N3704 10p
AF116 25p | BFX28 30p | MPSA16  30p | OC170 25p | 1N4002 9p | 2N3705 10p
AF117 25p | BFX84 25p | MPSAS6  35p | OCITH 30p | 1N4003 9p | 2N3706 10p
AF118 50p | BFX85 20p | MPSU0OS  75p | OC20« 50p | 1N4004 -10p | 2N3707 10p
AF172 25p | BFX86 25p | MPSUS6  70p [ OC201 60p | 1N4005 12p | 2N3708 10p
ASY28 30p | BFXas 25p | NKT135 35p [ OCca02 650 | 1N4006 15p | 2N3709 10p
ASZ21 55p | BFY44 50p | NKT222 25p | TiP2o, 49p | 1N4007 18p | 2N37TT1  £270
BA102 30p | BFY50 25p | NKT401 85p | TIP30A 58p | 1N4148 7p | 2N3772  £2'75
BA112 60p | BFY51 20p | NKT404 8op | TIP31A 62p | 2N696 25p | oN3773  £2.80
BA114 16p | BFY52 295 | NKT773 25p | TIP32A T4p | 2N697 20p | ON3819 3Bp
BA156 15p | BFY53 19p | NKT774 25p [ TIP33A  £1-05 | 2N698 25p | 2N3820 55p
BC107 10p | BFY90 60p | OAS 20p | TIP34A  £1-55 | 2N706 12p | 2N3904 22p
BC108 10p | BSW63 60p | OA10 20p [ TIPS5A  £2:65 | aNTOBA 15p | 2N3905 25p
BC109 10p | BSWe6 750 | OA47 10p | TIP36A  £3-35 | oNT08 15p | 2N4058 12p
BC147 12p | BSY9SA  12p [ QA0 12p | TIP41A 75p | 2N930 20p | 2N4059 12p
BC148 12p | Ci11 40p | OAT9 12p | TiP42A 90p | 2N1132 25p | 2N4060 12p
BC149 12p | C426 30p | OAS1 16p | TIP29B 58p | 2N1302 16p | 2N4061 12p
BC157 13p | BY100 15p | OAg0 10p | TIP30B 66p | 2N1303 16p | 2N4062 12p
BC158 13p | BY122 65p [ OAGt 10p | TIP3IB 70p | 2N1304 20p | 2N4286 15p
BC159 13p | BY126 20p | OA200 10p | TIP32B 82p | 2N1305 20p | 2N4287 15p
BC169C 13p | BY127 20p | OA202 10p | TIP33B  £112 | 2N1306 25p | 2N4288 15p
BC182 10p | BY164 65p | OA210 35p | TIP34B  £1-68 | 2N1307 25p | 2N4289 15p
BC183 10p | 1S100 15p | 0A211 35p | TIP3sSB  £2:81 | 2N1308 25p | 2N429 15p
BC184 10p { 15103 20p | OC19 85p | TIP36B  £3-64 | 2N1309 25p | aN4444 1-75
.BC212 14p | MJ340 50p | 0C22 50p | TIP41B 83p | 2N1613 20p | 40361 50p
BC213 14p | Mddai 95p | OC25 50p | TIP42B 98p | aN1711 25p | 40362 55p
BC214 14p { MJ2801  £1/20 | OC26 65p | TIP29C 7tp | ON2147 70p | 40250 70p
TRIACS PA230 £1:10 | Watt Audio Amp
SC40D 6A. 400V, PA234 £1:25 2/3 Watt Audic’Amp.
SC40E 6A.500V.... PA246 £1-75 5 Watt Audio Amp.
SC45D I0A, 400V., CA3014 £1-55
SC45E I0A. 500V.. CA3018 £1-00 c
* SC50E I5A. 500V.. CA3048  £2-34 Stereo Pre-Amp.
DIAC e MC(I:Bg(B,I(3 £1-85 Stereo Pre-Amp.
MFCA4! 55p f
MFC4000A 60p 250mWatt PA«udlo I.C.
CRS 1/05 1A 50V, ... .vvveeersisneenss WD 5 3 yvan Qudio Amp.
CRS 1/40 LA. 400V. .. LM309K  £1-90 S\a/ Ilc;\ Volt Reg I.C.
CRS 3/40 3A. 400V. .. oltage Reg
CRS 7/40 7A. 400V. ..
CRS 7/60 7A. 600V,
2N4444 8A. 600V. DIGITAL INTEGRATED -
BRIDGE RECTIFIERS CIRCUITS
BY[22 I.5A. 40V. 40p
BY164 1.4A.200V.... 57p
CIC2-100 2A. 10OV, 39p
ZENER DIODES
BZY88 series 400mW. 3.3-33V. 5%, ...... 15p
1.5 Watt range
10 Wattrange..
SNT4150 £3-35
SN74151  £110
SN74153  £1:35
TIL209 HP. 5082 ..ovveininnnnnnnnn, 35p SN74154  £2:00
SN74155  £155
SN74156  £1'55
L.D.R. SN74157  £1-80
, S wm
ORP 12 ittt 50p SN74162 £3:40
SN74163  £3-40
SN74164  £2-75
Sy g
INEAR OP-AMPS SNraiey  £625
709CTOIIDIL .ovvvvvneninnannnnn. .. 35p SN74170 £410
723CTOII/DIL vvvvvivvannenns voo. EIOS SN74174  £2:00
741C TOIIDIL - 1reneiiein: 35p Nl e
747C TO9/DIL .. vrrron. .. £1°10 SNrat7e L1
SN74177  £1:60
72741PDIL ..... .. 65p SN74180 . £1-55
72748P DIL oo v vt ie e 65p SN74181  £7-00
SN74182  £2:00
SN74184  £2-45
SN74185A £2:40
SN74190 £1-9§
MOVING IRON AMMETERS SNritos £2.00
. 75 SN74193  £2-00
2; in. SQUARE : SNT4194  £2159
. R . - SN74195 £1-85
Available in the following values:— - E SN74196 £1:50
0-1-4 Amp : - SN74197 £1-50
0-1-5-6 Amp y - SN74198  £4'60
0-1-5-9 Amp SN7450 20p | SN74145 £1-50 | SN74199 £4°6
0-5-15 Amp All Brand New
8:2:30 Amp and Boxed
48 Amp ONLY £1-75
0-15-45 Amp inc. p.p. V.A.T.
0-30-180 Amp Unless otherwise stated all prices are EXCLU-
0-40-240 Amp SIVE of V.A.T. Please add 10% to all orders.
0-50-200 Amp Carriage: orders under £5 - 20p. Over £5
.0-50-300 Amp post free.

OSCILLOSCOPES

CAWKELL

Revscope S.0.] Storage Scopes. ... .cvnnne from £100

COSSOR

CDU.110. Double beam DC—20MHz. Brand new
withmanual ... ... i £

CDU.120. Double beam DC—60MHz. Brand new
withmanual ... .. iivierionncasneeens

CDU.I50. Double beam DC—35MHz Brand new
with manual

SOLARTRON

CDI1220. With Wide-Band Plug-in. DC—40MHz, .£190

.£450
£400

CD1220. With Differential High-gain Plug-in....£220
TEKTRONIX

536 X~Y Oscilloscope. DC—fIMHz ............ £300
545 DC—30MHz . .£310

545A DC—30MHz. ..............
551 Dual Beam.27MHz. ......

66! Sampling Scope. IGHZ 2m V/cm Dual beam . £475
661 Sampling Scope.3.9 GHz.2m V/cm. Dual beam £700

ELECTRONIC COMPONENTS
kBARGAlN COMPONENT PACKS
Pac

No.
| 500 Carbon resistors, #, 3, 1, 2 watt,
2 100 Electrolytic Condensers.
3 250 Ceramic, Polystyrene, Silver Mica, etc,,
Condensers.
4 250 Polyester,
Condensers.
525 Potentiometers, assorted.
6 250 High-stab. 1%, 2%, 5% resistors.
7 50 Assorted Tagstrips.
8 |Ib Assorted nuts, bolts, washers, spacers, etc.
9 25 Assorted swm:hes, rotary, lever, micro,
toggle, ete.
10 50 Preset Potentiometers.
Il Trial mixed component pack £1.
12 Jumbo mixed pack £5.
ALL COMPONENTS NEW AND UNUSED
£1 4 25p p.p. per pack, £5 for 5 packs p/free.

Polycarbonate, Paper, etc.,
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COMPONENTS FOR
W.W. AMPLIFIER DESIGNS

100w AMPLIFIER (FEB. 1972)

Designer approved kit.

Semiconductor set .. . . o e o
Resistors, cupucvwrs, pots .. i . . .
F/Glass PC

POWER SUPPLY (For IOOW Amp)

Deslgner approvednklt

formers, F/Gloss PCB .
30W BLOMLEY (New qpproach to class B)
Semiconductor set
!F\eslstors. capacitors, pots

ass

ow BAILEY (Smgle power rml)

Transistor set .

Resnstors. capncntors, pots

F/Glass PCB

LINSLEY-HOOD CLASS A (Dec, I970 cnrcun:)

Designer approved kit.

2N3055 pair, BC212L, 21711

Resistors, capacitors, pot .

F/Glass PCB

LINSLEY-HOOD ZOW CLASS AB

Designer approved kit.

MJ481/491, MJE521, BC182L, BC212L zener

Resistors, capacitors, pots

F/Glass PCB ..

Please state 8Q or ISQ

REGULATED 60V POWER SUPPLY

A 5 transistor series stabiliser, suitable for a pair of

Bailey or Blomley amplifiers, featuring very effective

S/C protection. All Semi/C’s, R’s, C’s, F/Glass PCB
Power supplies for other umpllf‘ers also available

BAILEY/BURROWS PRE-AMP (Aug . I97I)

Component Set: Mono .

Component set: Stereo .

Each component set comprlses of ull specnﬁed resustors,

capacitors, transistors, pots, including special balance

control for stereo sets.

Stereo F/Glass PCB ..

STUART TAPE RECORDER

Set of stereo f/glass PCBs ..

Components sets on price list.

S, cnpacaeors, pots, trans-

TEXAN posmsyrigreo

£2 8‘50 INCLUDES TEAK CASE

20 Watt per channel stereo amplifier designed by Richard Mann 2N3710 0.09 | MPSAI4 035

of Texas Instruments and published in Practical Wireless May- 2N3711
01 July 1972.
o | This low distortion (0.09% at 20W into 8 ohm), wide bandwidth | ZN3904 0-17 | MPSUOS  0:60
(—3dB 5Hz-35KHz) design is offered as a Texas Instruments | 2N3906 0-20 { MPSUS5  0-70
approved full kit (including all metalwork and Teak case for a { 2N4058 0-12
total of £28.50 post paid. Full details in price list.

METALWORK SYSTEM

Designed to house Bailey, Blomley or Linsiey Hood Class AB

amplifiers with simple or regulated power supplies and Bailey 40361 0-40 | TIP34A 150
Burrows pre-amp. Options of standard or hum reducing toroidal | 40362 0-45 ;:Fﬂﬁ ;3

mains transformer.

TOROIDAL TRANSFORMER 60 volt 2 amp. * | acizs
Max. height 2in, Suitable for our regulated power supply £7.40 | BCI26
Simpleclamp .............
Magnetically screening clamp........ooooiiiiiiaiiine £0.75 | BCI82L 0-10 | 5805

SEMICONDUCTORS

2N699 0-25 | BCI84L oH
2NI16i3 020 | BC2I2L 012

2NI7H 0:25 | BC214L 014
2N2926G  0:10 | BCY72 0.13
2N3053 0-15 | BF257 0-40

2N3055 0-45 | BF259 047
2N3442 1:20 | BFR39 0.25
2N3702 0.11 | BFR79 0.25
2N3703 0.10 | BFY50 0-20

2N3704  0.10 | BFY5! 0.20
2N3705  0.10 aﬁzgf ‘l’gg
2N3706  0.09 | piso( %

2N3707 0.10 | MJE52| 060
2N3708 0.07 | MPSAOS 030
2N3709 0.09 | MPSAI2  0-55

0:09 MPSASS 0-35
IN3BI9 023 | mpsace  0-40

SN72748F 058
Bea Y

TIP29A 0-50
2N5087 0.42 | TIP30A 0-60
2N5210 0.54 | TIP31A 060
2N5457 0:30 | TIP32A 0-70
2N5830 0-30 | TIP33A 1-00

0
BClo7 0-08 | TIP3055 3
BCI08 0-08 | 1B0BT20 ©
BC109 0-08 | 1B40K20 )
0-15 | IN914 0

s | INSLE 0
sciek  om| My 0
£0.20 BC212K 0-12 | 153062 0
]

PRN=OOS AW
Bhahs888s

DESIGNER APPROVED KIT

FREE

P.S. Full circuit description in handbook

MAIL ORDER ONLY

FOR FURTHER DETAILS PLEASE WRITE TO:

POWERTRAN ELECTRONICS
PORTWAY INDUSTRIAL ESTATE, ANDOVER :

POST FREE TO U.K.
U.K. Orders Subject to 10% V.A.T. Surcharge

HI-FI NEWS 75 WATT AMPLIFIER

BY J. L. LINSLEY-HOOD

4
: . 5
SLIMLINE STYLE CHASSIS DIMENSIONS: 17.0in. x 2.0in. x 12.0in. 6
This slimline unit has been made practical by the use of a specially designed 7
TOROIDAL TRANSFORMER and highly compact printed circuit boards which 8
have been fully tested and approved by Mr. Linsley-Hood. 9

0

Total cost of individually

purchased packs: 11

TEAK CASE £63.95 12

WITH 75 WATT PER Cost of complete kit: 13
CHANNEL COMPLETE £56.60

AMPLIFIER KITS - TRADE ENQUIRIES WELCOME 4

15

‘e .. 30p 16

Pack .
1 Fibre glass printed circuit board for power amp. ...... £0.75
2 Set of resistors, capacitors, pre-sets for power amp. .. £1.50
3 Set of semi-conductors for power amp. (highest voltage
VEISION) tvivetrinnnssiiiineininreeannnasnaesanas 5.50
Pair of 2 drilled, finned heat sinks .................. £0.80
Fibre glass printed circuit board for pre-amp........... £1.10

_ Toroidal transformer complete with magnetic screen/

HANTS
OVERSEAS AT COST

Published Nov. 1972 to Feb. 1973
Yy 75 WATTS PER CHANNEL
% BANDWIDTH (3dB) 3HZ-40KHZ
% DISTORTION LESS THAN 0.019,
Yw UNCONDITIONAL STABILITY
COMPONENT PACKS

Set of low noise resistors, capacitors, pre-sets for pre-amp £2.70
Set of low noise, high gain semi-conductors for pre-amp £2.10
Set of potentiometers (including mains switch) ........ £1.55
Set of 4 push button switches, rotary mode switch .... £3.10

housing primary: 0-117-234 V. secondaries: 33-0-33 V.
24-0-24 V., electrostaticscreen ...........coiiiiinnns £9.15

Fibre glass printed circuit board for power supply .... £0.55

Set of resistors, capacitors, secondary fuses, semi-
conductors for power supply ..ot .... £3.50

Set of miscellaneous parts including DIN skts., mains
input skt. fuse holder, interconnecting cable, control
knobs ........... e £3.25

Set of metal workparts including silk screen printed
fascia panel and all brackets, fixing parts, etc.

Handbook, based on Hi-Fi News articles ..

Teak cabinet ... i £7.35
2 each of packs -7 inclusive are required for complete
stereo system.

Basic Component Set
Set of semi-conductors, resistors, capa-
citors, printed circuit boards for stereo
power amp, pre-amp. and power supply.

£31.35

Handbook Included
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MULLARD AMP
Bensational ‘Once in a Life-time
Offer’ Unrepeatable once socks
are cleared. The amplifier is
made by Mullard. Carries
maker's Guarantee. Tn neat case.
May be used for Mono or
Stereo. Music or speech, Works
off dry battery, car batt. or

mains power pack. FREE—
all who purchase we send copy of Mullard booklet DIY
stereo. £1-60

DRILL CONTROLLER
New 1kW model.
Electronically changes speed
from approximately 10 revs.
to maximum, Full power at all
speeds by finger-tip control.
Kit includes all parts, case,
everything and full instruce
tions £1-65, plus 13p post and
insurance. Made up model also
-available £2-48 pins 18p p. & D

MIGHTY MIDGET . !
Probably the finest possible radio, as described in Practical
Wireless, January 73. All electronic parts £2-20 post paid.

GOOD COMPANION L.C. VERSION

‘We can now offer these again in 1.C,
version using Ferranti ZN414 and
Mullard AF Module 1172. Cabinet
size approx, 1lin. wide X 8in. high
X 3in. deep. Complete assembly
instructions, £6-33 plus 25p post and
ins. Excellent tone wood cabinet.

I CHIP RADIO

Ferranti's latest device ZN41i—gives results better than
perhy ppli lete with ¢ ical notes and
circuits £1-38 each. 10 for £11-11.

HI-@ TUNER COMPONENTS

For experimenting with the ZN414

Kit No. 1 Plessey Miniature Tuning Condenser with built
in LW switch and 3in. Ferrit slab and litz wound
MW coil 72p.

Air spaced tuning condenser 6in. ferrit rod litz
wound MW and LW coils 94p.

Air spaced TC with slow motion drive 8in.
ferrib rod with litz wound LW and MW coils

Kit No. 2
Kit No. 3

Kit No, 4 Permeability tuner with fast and slow motion
drive and LW loading coils. 50p.

12 VOLT 1 AMP
POWER PACK

This comprises double~-wound 230/
240V mains transformer with full
wave rectifier and 2000  m/f/d
smoothing, Price £2-80, plus 20p
post & packing.

Heavy Duty Muins Power Pack. Output voltage adjustable
irom 15-40V in steps—maximum load 250W—that is
from 6 amp at 40V to 15 amp at 15V, This really is a high
power heavy duty unit with dozens of workshop uses.
Output voltage adj i ry  quick imply inter-
change push on leads, Silicon rectifiers and smoothing by
3,000mF. Price £6-33 plus 65p post.

MICRO SWITCH

5 amp changeover contacts, 11p each.
10 for @9p. 15 amp. S.P Model 15p,
changeover 17p. each

MAINS RELAY BARGAIN

Special this month are some single, double
and treble pole changeover relays. Contacts
rated at 15 amps. Operating coil would for
240V. A.C. Good British Make. Unused
Size approx.’ 1% X 1lin. Open construction.
Single pole 28p each 10 for £2-48
Treble pole 39p each 10 for £3-47

MAINS OPERATED SOLENOIDS
Model 772—small but powerful
lin, pull — approx. size 14 X 13
X 13in., 66p. .
Model 4001/—gin. pull. Size
2} x 2 x ldin, 83p. _
Model TTL—liin. pull. Size
3 x 2} X 2in. £1-98 plus 20p.
post and insurance.

MAINS TRANSISTOR POWER PACK
Degigned to operate i gets and i Adjust-
ablegoutput 6v., 9v., 12 volts for up to 500mA (class B wor-
ing). Takes the place of any of the following batteries:
PPl, PP3, PP4, PP6, PP7, PPY, and others. Kit com-
prises: mains rectifier, thing and load
resistor condensers and instructions. Real snip at only
£1-10 plus 20p postage.

TIME SWITCH ~
Smith’s mains driven clock with 13
amp switch, also notes showing how
you can wake up with music playing,
ikettle boiling or come home to a warm
house, warn off burglars, keep pets
warm, halve your heating bill, ete.

£2-25.

PRESSURE SWITCH )
Containing 2 15 amp. change over switch
operated by a diaphragm Which in turn
ig operated by air pressure through a small ;
metal tube. The operating pressure is ad-

justable but is set to operate in approx. 10in. of water. These
are quite low pressure devices and can in fact be operated
simply by blowing into the inlet tube. Original use was for
washing machines to turn off water when tub has reached
correct level but no doubt has many other applicatjons.

£ .

HONEYWELL PROGRAMMER

This 1s a drum type
timing device, the drum
being calibrated in equal
divisions for switch set-
ting purposes with trips
which are infinitely ad-
justable for Dosition.
They are algo arranged
to allow 2 operations per
switch per  rotation.
There are 15 change-
over micro switches each
of 10 amp type operated by the trips thus 15 circuits may

THYRISTOR LIGHT DIMMER

For any lamp up to 250 watt, Mounted on switch plate to fit in place of
standard switch. Virtually no radio interference, Price &

model 5A £8.30

3-35. Industrial

10 AMP DIMMER CONTROL

For the control of lighting on stage or in a studio or for control of portable equipment in

workshops, ete. This

has two 13 amp socket outlets each is controlied by a 5 amp solid state

regulator. The overall length is 17in., width 34in. and depth 1}in. In the end is fitted a master
On/Off switch indicator, 1amp and fuse. Price £8-25.

STANDARD WAFER SWITCHES

Standard size 1}in. wafer—silver-plated 5 amp. contact, standard #in, spindle 2in,

long—with locking washer and nut. )

No.of Poles 2way 3way 4way Bway 6way 8way 0 way 10way 12 way
1 pole 44p 44p 44p 44p 44p 44p 44p 44p 44p
2 poles 44p 44p 44p 44p 44p 44p 77p 7ip
3 poles 44p 44p 44p 44p T7p 7 77p £1-04 £1.04
4 poles 44p  44p 44p Yip  Yvp  Wp  Yip  £1.32 £182
5 poles 44p 44p 77 Vp £104 £104 £1-04 £160 £1-60
8 poles 44p 7p Tip 77p  £1-04 £1-04 £1-04 £1-87 £1-87
7 poles 7 p 770 £1-04 £1-32 £1-32 £132 £2:15 £2-15
8 poles T Y7 7p 8104 £1-32 £132 £1-32 £242 £242
9 poles e 7 8104 £1-04 160 £1-60 £1-60 £-70 £2-70

10 poles 'p 77p  £1-04 £1-32 £1-60 £1-60 £1-60 £3-00 £3-00

11 poles 770 £1-04 2104 £1.82 2187 £1.87 £1-8Y £3-25 £3-25

12 poles 770 £1-0¢ £1-04 £1-32 £1-87 $£1-87 £1-87 £352 £352

DISTRIBUTION PANELS

Just what you need for work bench or lab. 4 X 13 amp
sockets in metal box to take standard 18 amp fused
plugs and on/off switch with neon warning lig!llm

t. Supplied complete with 6 feet of heavy

cable. Wired up ready to work, £2-48 plus 25p P. & P.
CAPACITOR DISCHARGE CAR IGNITION

ELECTRONIC IGNITION

This system which has proved to be amazingly efficient and
reliable was first described in the Wireless World about a year ago
We can supply kit of parts for an improved and even more
efficient version (Practical Wireless, June). Price £5-55 plug 30p

post. When ordering please state whether for positive or negative systems, Also available,
ready made ignition systems for 6v. vehicles. £5-78 plus 20p.

CENTRIFUGAL BLOWER

Miniature mains driven blower centrifugal type blower unit

by Woods, powerful but specially built for quiet running—
driven by cushioned induction motor ith specially built
Jow noise bearings. Overall size of blower iz approx. 43" X
4} X 4”. When mounted by its flange air is blown into the
equipment but to suck air out mount it irom the centre using
a clamp, ideal for cooling electrical equipment, or fitting into
a cooker hood, film drying cabinet or for removirg flux smoke

when' soldering efe., ete. A real bargain at £2-04.
ZPM MODULATION MOTOR

Could also be used to open ventilators, doors, valve, damper, etc.
particularly suitable for remote control. Made by Satchwell. Essentially
a reversible geared motor fitted with internal limit switches to stop it
at the end of its travel. 8ize approx. 6in. X 6in. X 53in, and weighing
approx. 10 1b. This is extremely powerful and would lift a heavy door
or open & long line of ventilators, To operate this motor you put the

50 cycle supply through a changeover switch, For instance a thermostat
late the i

with ch tacts could

icall in a growing house,

A 'y Teg
chicken hatchery, ete. An indicator on the motor graduated 0-10 shows the state of open or
close, Also internally fitted is a variable resistor, wires from this to & volt meter would give
& remote indication of the open or close position, A very expensive motor if both direct from
Satchwell, our price complete with step down Transformer is £15-15.

MULLARD UNILEX .

This D.I.Y. Stereo Amplifier is still available complete at £7 for the four Mullard
Modules, or Modules can be bought separately as follows:— 4 watt amplifier module
(2 required) Mullard Ref. No. E.P.9000, £1-60.

Pre-amp module Mullard Ref, No. E.P,9001, £1-98 each.

Power Module—Mullard Ref. No. E.P.9002, £2-53 each.

In addition and made to Mullard specification we offer:—

Standard Control Unit with escutcheon and knobs, £3-30. Knobs, Set of 4, 50p.
Special offer the complete Unilex with control pane at Pre V.A.T. price, £10 post paid.

THIS MONTH'’S SNIP

Mains ted

TAPE PLAYBACK UNITS
Made by Redit

the famous “music in

100 miles extra.

background people.”” These are complete units ready to work
and we understand that they are in good going order: We
have not tested them but would exchange any that do not work
properly. These have a superior motor driven flywheel to control
the tape through the capstan and also an even equally useful
valve amplifier with EL84 output. In a steel case with carrying
handle, Two models offered,
what used at £3-50. 75p carriage up to 200 miles then 50p per

good as new £6'50 and some-

MULLARD AUDIO AMPLIFIERS
All in module form, each ready built complletde with heat

4t

ELECTRIC TIME SWITCH
Made by Smiths these are A.C. mains operated. NOT
CLOCKWORK. Ideal for mounting on rack or shelf or can
be built into box with 13A socket. 2 completely adjustable
time periods per 24 hours, 5 amp changeover contacts will
switeh circuit on or off during these periods. £R-75 post
and ins., 23p. Additional time contacts 55p pair.

tags, data

sinks ane

8 34
Model 1153 500mW power output 72p.
Model 1172 750mW power output 94p.
Model EP9000 4 watt power output £1-60.
EPY001 twin channel or stereo pre amp. £1-99,
109 discount if 10 or more ordered.

i
SR

PAPST MOTORS

Est. 1/40th h.p. Made for 110-120 volt working, but'two of these
work ideally together off our standard 240 volt mains. A really
beautiful motor, extremely quiet running and reversible. £1-65
each. Postage one 23p, two 33p. 230v. model £3-30.

WINDSCREEN WIPER CONTROL
Vary speed of your wiper to suit conditions. All parts and
instructions to make, £2-48.

HORSTMANN 24-HOUR TIME SWITCH
With 6 position programmer. When fitted to hot water systems this could

programme as follows:—

Programme Hot Water Central Heating
0 Off oit
1 Twice Daily Off
2 All Day Ooff
3 Twice Daily Twice Daily
4 All Day Al Day
5 i usly

Ci
Suitable of course, to programme other than centra_l heati g b
water, for instance, programme upstairs and downstairs electric heating

¥
ing and hot

or heating and cooling or taped music and radio. In fact there is no
1imit to the versatility of this Programmer. Mains operated. Size 3in. X
3in. X 2in, deep. Price £3-85 as illustrated but less cage.

a7s

NEW ITEMS THIS MONTH
AUTO-TRANSFORMER

Upright mounting, fully shrouded with terminal blocks for
1qput and_output. Made by a famous company for imported
f);ldges.'laﬂw. continuous loading or 250w. intermittent.
Very nice transformer and probably cost £2 to make.
Our Price £1-65 plus 30p post and service.

3 CORE MAINS FLEX

Metric size .5 mm. which is approx. equivalent to the old
14/36 rating. Suitable therefore for mower or similar portable
tools. Cores are colour coded to the new European standard.
Brown—live . . . Blue—neutral . ., . Yellow/Green—earth,
Grey P.V.C. covered overall, 100m. coils £5, 50m, coils
£3 and 25m. coils £1-75. Post 40p on 100m. 25p for 50m.
coils and 20p for 25m. coils.

PUSH ON/PUSH OFF PANIC SWITCHES

Tough enough to be foot switches and elegant enough to be

pnpel switches. Bakelite construction with white push rod.

gnue 40p less quantity discounts. Switch is rated 250 v.—
amp.

20 WATT CAMPING LIGHT

Also makes good car emergency light, This uses a standard
2 foot 20 watt tube and operates from a 12v. car battery
drawing approx, 1A, This gives illumination per amp./hour
of battery life far in excess to filament lamps and in fact
to the miniature 8-13 watt camping lights often offered.
Complete unit ready to operate, in strong white enamelled
metal frame. These would normally sell at £6, are unused
but slightly soiled and we offer these at £3-50 plus 40p
post and packing.

6 MAINS TRANSFORMERS

Our Ref. MTMI1. 27 volt at 8 amp. Upright mounting fully
shrouded—flying leads—fully tapped primary. Price £3-30.
Our Ref. MTM2. 12v. at 1 amp. Upright mounting with
fixing lugs, tag connection. 240v, primary—12v. 1 amp.
secondary. Price 82p.

Our Ref. MTMS. 6.3v. 2 amp. upright mounting with fixing
lugs, tag connections. 240v. primary 6.3v. 2 amp. secondary.
Price 77p.

Our Ref. MTM4. 18v.-} amp. with thermal eut-out, upright
mounting with fixing Iugs—tag connections, Primary
240v.—secondary 18v. at 3 amp. Price 88p.

Mains Isolation MTMS5, 350 watts earth shielded—flex
jeads—upright mounting lugs for fixing. Price £4-40 each.
Mains Transformer Bargain. Standard mains 240v. input
Secondary 2.4v. 9 amp. intermittent 5 amp. continuous,
Price 55p.

6 VOLT RELAYS

Our Ref, REL M1, Removable clear plastic enclosed two
gerew fixing. Have a 6 volt D.C. operated coil but, two change-
over contacts, each rated to make and break 240v. A.C. at
15 amps. Price 66p. each.

P.O. TYPE 3000 RELAY
Our Ref. REL M2. 100 ohms coil and 2 pair normally open
heavy duty contacts. Price 75p each, .

3 INTERNATIONAL TRANSISTOR
BOOKS

Printed in several languages including English. Carefully
compiled and each contains a wealth of information,

PHOTO-MULTIPLIER TUBE

American R,C.A. type No. 4555, These tubes have a gain
of a million or more. Regular Price—over £15. We have a
limited quantity and offer these at £4:50. Brand New,
Not tested, but any not perfect would be exchanged,

6 DIGIT COUNTER
Resettable. 440 ohm coil up to 25 impulses per second.
Ex-equipment but guaranteed perfect. £2-280 each.

TANGENTIAL AIR MOVING UNITS
Work as extractors or blowers especially quiet running,
perfectly balanced, plastic impeller—self oiling bearings,
induction motor—outlet size 12in. X 2in. approx. Ideal
to fit in cooker hood. £2-20 plus 30p post and ins,

DESK TELEPHONES

Ex G.P.0. Black statidard model with dialing dial but no
internal bell, Supplied with connection diagram 94p each,
post ete. 40p for single then 65D per pair. Ditto, with bell
but without dialing dial 98p each plus 40p post for single
then 65p per pair,

PUSH BUTTON SWITCH

Type 14 D.M.G. A very fine switch made by Honeywell.
The switch is intended for mounting on panel through
oblong hele. No serews required for fixing, its sprung clips
secure it quite firmly. The operating button is approx.
lin. dia. round and dished for ease of operation. Has 2 sets
of 10 amp. change-over contacts. Spring loaded, returns to
normal when pressure is released. Ideal for instrument or

quality gear. Price 50p each. 10 for £4-50, 100 for £40.

MINIATURE SEALED RELAY

American made. Our Ref.: REL Al. Measures only #in,
wide X }in, thick and jin, high and it's a double change
over, we don’t know the contact rating but estimate this
at 3/5 amps. The coil resistance is 600 ohms and 9-12 volt
will close it. Ideal for models and miniaturised equipment,
It's a plug in relay but we supply complete with basx{.
Price 28p including base.

COMBINATION SWITCH i

This comprises of 12 miniature change-over micro switches.
Joined in banks of 3 and mounted on frame with four digital
numbered thumb wheels and a removable lever for locking
the thumb wheel—the thumb wheel operates 3 banks. Over
4,000 combinations are possible but by ~e-wiring the .SW'lfCh
connections underneath then thousai.ds more variations
are possible. If you are making equipment which you don’t
want switched on accidentally or without authority then
this is & switch to consider—this can also be used a8 a
coding switch for many other operations, Very n.eat and
compact and measaring approx, 4in. X tiin. X 1}n. deep.
Priced at £3-08.

MAGNETIC CLUTCH

XEROX 1215494-J/N 10-1110 PN866-10. \Vev have 1o
information on this but it appears that the main section
with coil fits to the spindle of the machine and there is a
contact plate to fit on a stationary part. It appears also that
the cluteh can be used ag a partial brake by putting reduced
voltage into it, as a normal brake with normal volt,age or ag
emergency Sstop by putting inecreased volmgg into it.
American made and very well made at that. Price £1-85.

SUB. MINIATURE MICROSWITCH

Made by Burgess, their ref. V4T6—our ref. MB.Al. These
measure only §in. X #in. X 2in. thick—have change over
contacts and tag conneetion. Price 16p each or 10 for
£1

be changed per revolution. Drive motor is mains operat

5 revs per min. Some of the many uses of this timer sre

Machinery contral, Boiler firing, Dispensing and' Vending
hi Display lighti imated and signe, Signalling,

ete. Price from makers probably over £10 each. Special

snip price £6-33 plus 25p post and insurance. Don’t miss

this terrific bargain.

Where postage is not stated then orders
over £5 are post free. Below £5 add 20p.
S.A.E. with enquiries please.

J. BULL (ELECTRICAL) LTD.

(Dept. W.W.) 7, Park Street, Croydon, CRO1YD
Callers to 102{3, Tamworth Road. Croydon
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MATSUNAGA YARIABLE YOLTAGE TRAHSFORMERS
INPUT 230 v. A.C. 50/60
OUTPUT VARIABLE 0/260 v. A.C.

Carriage Paid
BRAND NEW. All types.

50 0-260 v.at l amp .. £1-70
P 0.260 v. at 2-5 amps £8-80
0-260 v. at 5 amps £12:98
0-260 v. at |0 amps £24-75
0-260 v. at |5 amps £27-50
0-260 v. at 20 amps £53-90
0-260 v. at 25 amps £63-80

£90-20

0-260 v. at 37-5amps ..
.. £107-80

0-260 v. at 50 amps

SERVICE TRADING CO

Wireless World, July 1973

ALL PRICES INCLUDE
V.A.T. POSTAGE AND
PACKING. Overseas,
please ask for quotation.

STROBE! STROBE! STROBE!

FOUR EASY TO BUILD KITS USING XENON WHITE ¥
LIGHT FLASH TUBES, SOLID STATE TIMING 4
TRIGGERING CIRCUITS, PROVISION FOR_ EX-
TERNAL TRIGGERING. 230-250v. A.C. OPERATION.

EXPERIMENTERS “ECONOMY" KIT
Adjustable 1 to 30 Flash per sec. All electronic com-
ponents including Xenon Tube - instructions £7-26

NEW INDUSTRIAL KIT

Ideally suitable for schools, laboratories etc. Roller
tin printed circuit. Adjustable 1-80 f.p.s., approx. %
output of Hy-Lyght. Price £12-10.

HY-LIGHT STROBE
Desi d for use in large rooms, halls and utilizes a

| AMP S

36voit30amp.A.C.orD.C —==ma—
Variable L.T. Supply Unit 0

Input 220/240 v. A.C. Output Con- | L
tinuously variable 0-36 v. A.C./D.C o

Fully isolated. Fitted in robust meta * |
case with Voltmeter, Ammeter, Panel

Indicator and chrome handies. Input and Output fully fused
Ideatly suited for Lab. or Industrial use. £77

MOTOROLA MACII/6 PLASTIC
TRIAC 400 PIV 10 AMP

Now available EX STOCK supplied complete with full data
and applications sheet. Price £1-21, Suitable Diac 22p,

240 V A.C. SOLENOID OPERATED
FLUID VALVE

Will handle liquids or gases up to 7 p.s.l. Forged
brass body, stainless steel core and spring. % in.
b.s.p. inlet/outlet. Precision made. British mfg.
PRICE: £2:09. Special quotation for quantity
NEW in original packing. .

FOOT SWITCH

Suitabie for Motors, Drilis, Sewing
Machines, etc., etc. 5 amp. 250 Volt.
Price 89p.

New ceramic construction, vitreous
enamel embedded winding, heavy duty
brush assembly, continuously rated.
25 WATT 10/25/50/100/250/500{1k}1-5k ohm £1-10,
50 WATT  1/5/10/25/50/100/250/500/1k/1-5k/2-5k{5k ohm

£1-54,
1£00 WATT 1/5/10/25/50/100/250/500/1k/1-5k/2:5k/3-5k ohm

Biack SilverSkirted knob calibrated in Nos, 1-9. 13
in. dia brass bush. ldeal for above Rheostats, 28p ea.

UNISELECTOR SWITCHES —NEW
4 BANK 25 WAY FULL WIPER 25 ohm coil, 24v.D.C
operation £6'7 ) p
6 BANK 25 WAY FULL WIPER 25 ohm
coil, 24 v. D.C. £7:48,

8 BANK 25 WAY FULL WIPER -
24 v.D.C. operation £8-69,

pecial di ¢ for q ity
OPEN TYPE (Panel Mounting)
4+ amp £5:23 1 amp £7-70 21 amp £8-86
L.T. TRANSFORMERS
All primaries 220-240 volts.
Type No. Sec. Taps Price
1 30,32, 34, 36 v. at 5 amps..... £5'50
2 30,40,50v.at5amps.... £7-92 light.
3 10, 17,18 v. at 10 amps. £5-83
4 6,12v.at20amps. ...... £1-70
§ 17,18, 20 v. at 20 amps. £8-58
6 6,12, 20 v. at 20 amps. . £8-14
7 24v.at10amps.......... £616
3 4,6, 24,32v.at12 amps.. £8-47
9 6and12v.at10amps.......... £4'51

silica tube, printed circuit. Speed adjustable 1-20 f.p,s.
Light output greater than many (so called 4 Joule)
strobes. Price £13-75.

‘SUPER’ HY-LIGHT KIT

Approx. 4 times the light output of our well proven
Hy-Lyght strobe.

Variable speed from 1-13 flash per sec.

Reactor control circuit producing an intense white

PRI EE LT LTS T RS EN

% ONLY £2288, incl. P. & P. ATTRACTIVE, ROBUST,
% FULLY VENTILATED METAL CASE for the Super
¥ Hy-Lyght Kit inciuding reflector, £8-25.

* FOR HY-LYGHT STROBE incl. reflector, £4-95

* INCH POLISHED REFLECTOR. Ideally suited
* for above Strobe Kits. Price 86p.

P2 2 2022880822 888828888222 84
% RAINBOW STROBE FOUR LIGHT CONTROL
* MODULE

ke e Fe e ke sk e e e vk Fe ke ok ke keokedke kok ko

* will operate four of our Hy-Lyght or Super Hy-Lyght
% Strobes in either 1, 2, 3, 4 sequence; 2 + ; or alf together.
% Thoroughly ‘tested and reliable. Complete with full
gotm"lec“on instructions. Price: £20-80. Send S.A.E. for
stails.
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COLOUR WHEEL PROJECTOR I

Complete with oil filled
colour wheel. 100 watt lamp.
200/240V AC. Features ex-
tremely  efficient  optical
system. £20°57, 4
6 INCH COLOURWHEEL
As used forDisco lighting effects,
etc. Price £5-72

33 e sk ek e ek ek ok ok ok ok ok ok ok ek ok
BIG BLACK LIGHT

400 Watt. Mercury vapour ultra violet
{amp. Extremely compact and powerful
source of u.v. Innumerable industrial
applications also ideal for stage, display,
discos etc. P.F. ballast is essential with
these bulbs. Price of matched ballast and
bulb £18-15. Spare bulb £8-03.

BLACK LIGHT FLUORESCENT U.V. TuBts =
4ft; 40 wait. Price £6-38. (For use in standard bi-pi
fluorescent fittings). MINI 9 inch 6 watt black light U.V.
tube. £1-65. Complete ballast unit and holder for 9 in.
tube £2-09.
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ELECTRONIC ORGAN KIT
YRR 7 % "ﬁm
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Easy to build, solid state
Two full octaves (less
sharps and flats), Fitted
hardwood case, powered
by two pentite 13v. bat-
teries. Complete set of
ther with full instructi and

parts i di
10 tunes, £3-52.

HONEYWELL PROGRAMME TIMERS
240V. A.C. 5 r.p.m. motor. Each cam
operating a cfo micro switch. Cams
are individually variable, allowing
inumerable combinations. Ideally Fo§
suited for machinery control, auto-
mation’ etc. Also in the field of g
entertainment, for tchaser lights,
imated displ. C.

‘HONEYWELL' PUSH BUTTON, PANEL
MOUNTING MICRO SWITCH
ASSEMBLY
Each bank comprises of a change-over
rated at 10 amps 240 volt A.C. Black
knob 1 in. dia. Fixing hole § in. Prices:
1-bank 33p, 2-bank-44p, 3-bank 55p.
(llustrated) inc. P. & P. Special quotes

tor quantities.

p e
15 cam model £6-60
10 cam model £5:50

SIMPLE 12 CAM PROGRAMMER with 4 adjustable cams
and 8 that may be profiled to individual requirements. Avail-
able with 15 or 13 r.p.m. motor £4'18

INSULATED TERMINALS
Available in black, red, white,
yellow, blue and green. New
11p each. incl. P. & P. Minimum
order 6.

METER BARGAIN
BALANCE/LEVEL ®1ETERS

100-0-100 Micro Amp. Size 1}in. X 13in. X in.
Price only 83p s ¥ tin. x 3in

AMMETERS NEW! 2{in. FLUSH ROUND

available as D.C. Amps 1, 5, 15, 20 or A.C. Amps
i, 510,15, 20. Bth types £1°98 incl, B, & P, 0-3007.

RELAYS

SIEMENS PLESSEY, etc.
l\‘lINIA;URE R‘ELAYS

4
700 12-24 2cjo 66p*
52 46 &M 88p* 700 15-35 2c/oHD 77:*
52 4-6 4clo 88p* 700 - 612 1cfoHD S55p*
150 6-12 4cjo 88p* 700 16-24 6M 66p*
185 8412 6 66p* 700 20-30 6clo  88p*
280 912 2cjo 77p* 1250 24-36 4cfo  66p"
410 10-18 4c/o 77p* 2500 36-45 6M 66p*
600 9-18 2c¢/o 66p* 2400 30-48 4clo 55p
700 16-24 4M2B 66p* 9000 40-70 2clo 55p*
700 16 /i 88p* 15k  85-110 55p*

&, Colt ahma: ) Worn Cor

 Coil ohms; orking d.c. volts; (3) Contacts; (4
Price HD=Heavy Duty. All Post Paid. (S‘iz\cluodqnzc gas(e;
§2 VOLT D.C. RELAY

Type 1: Three sets c/o contacts 5 amp. 88p

{Similar to illustration below).

Type 2: One set c/o contacts 66p

Type 3: 4-8 volt 3 c/o HD, 67 ohm coil. 88p.

SPECIAL OFFER.

700 ohm. 4 c¢/o Ex. new equi L X
T e B! quipment. £55-00 per 100 incl.

230 VOLT A.C. 'DIAMOND H' RELAYS
(Unused)

Three sets cfo contacts rated at 5 amps.
Price 66p. incl. P. & P. {100 lots £44-00)
24 volt A.C. 3 cfo 66p.

230 VOLT A.C. RELAYS *
One set cf/o contacts rated at 7-5 amps. Boxed. Price 55p.

MINIATURE RELAYS

9-12 volt D.C. operation. 2 c/o 500 M. A, contacts. Size only
1 in.X3X% in. Price 66p.

30-36 v. D.C. operation, 2 c/o 500 M,A, contacts, 3,200 ohm
coil, Size only 1X % X 1% in. 44p.

MINIATURE LATCHING RELAY

Mtg, by Clare-Elliott Ltd. (Type F) 2 ¢/o permanent latching
in either direction. Coil 1150 ohm. 15-30 v. D.C. New 77p,

INSULATION TESTERS (NEW)
Test to L.E.E. Spec. Rugged metal con-
struction, suitable for bench or field
work, constant speed clutch. Size
L.8in., W.4in. H.6in. weighté1b.,
500 VOLTS, 500 megohms £30-80
1,000 VOLTS, 1,000 megohms £37:40

230V/240V COMPACT
SYNCHRONOUS
GEARED MOTORS

Manufactured by either Sangamo, Haydon
or Smith. Built-in gearbox. -

5 RPM Ajcw 3 RPH Ajcw 20 RPH cw
2RPHcw ~ 6RPHcw 12 RPH cw
cw=Clockwise. Ajcw= Anti-clockwise

‘
All at 83p

REVERSIBLE SPLIT PHASE MOTOR
250 r.p.m. 100-115/210-240V AC. 2 in. x | in. Ideal for
rim-drive models, display etc. Extremely powerful for
size 83p. (including small capacitor.)

4 BANK 3 c/o PUSH BUTTON
ASSEMBLY

Comptete with black rectangular
bqttc))ms. 5 units £1-10 (5 units
min.,

BLOWER UNIT .

200-240 Volt A.C. BLOWER UNIT
Precision German buiit. Dynamically
bal. d, quiet, nti ly rated,
reversible motor. Consumption 60mA.
Size 120mm. dia. x 60mm. deep.

Price £3-52,

BODINE TYPE N.C.I.
GEARED MOTOR

(Type J) 71 r.p.m. torque 10 Ib. in.

Reversible 1/70th h.p. cycle -38

amp. (Type 2) 28 r.p.m. torque 20

I, in Reversible 1/80th h.p. 50 cycle -28 amp.

The above two precision made U.S.A. motors are offered in

‘as new' condition, Input voltage of motor 115v A.C, Supplied
tete with ti former for A.C. input.

24 HOUR TIMER
Can be adjusted to give a switching delay
of bet 3 hr. to 2

VERY SPECIAL OFFER

a MICRO SWITCH

5 amp. ¢/o contacts. Fitted with remov-

able metal plate Ex P.O. 20 for £1-10 (min.
order .

‘HONEYWELL’ LEVER

OPERATED MICROSWITCH

15 amps 250 voit A.C. clo contacts.

EJZE‘\;ABI in maker's carton. Price 10 for

AFL MAIL ORDERS, ALSO CALLERS AT:

R CHISWICK,
. LONDON, W4 5BB. . Phone: 01-995 1560
Closed Saturdays.

57-BRIDGMAN ROA

4 hrs. Driven by 200/
2507. A.C. synchronous motor. 15 amp.
clo contacts, Mfg. Crater Controls Ltd.
Supplied with scale calibrated 0-10 (2
hours per division) Brand new. £2:20

VENNER ELECTRIC TIME SWITCH

200/250 volt. Ex-GPO. Tested, perfect con-
dition. Two ON, two OFF, every 24 hrs. at
any manually pre-set time. Price: 15 amp,
£3-85. 20 amp, £4-39. Also available with Solar
Dial ON at dusk, OFF at dawn. Prices as above.

SERVICE TRADING CO.

SHOWROOMS NOW OPEN
AMPLE PARKING

Price, either type £4-84 or less transformer £2.75.
These motors are ideal for rotating aerials, drawing curtains,
Jisplay stands, vending machines, etc, ete.

PARVALUX TYPE SD2.200/250 VOLT
A.C. D.C. HIGH SPEED MOTOR T
Speed 9,000 r.p.m. approx. or 3,200 r.p.m.
if used with built-in governor, or variable
speed over a wide range if used in conjunction
with our Dimmer Switch, illustrated below.
PRICE: £2-20

600 WATT DIMMER SWITCH

i EQ§in fitted. Fully guaranteed by maker s
Will control up to 600 watts of ail lights
except fluorescent at mains voitage. Complete

with simple instructions £2-30

PERSONAL CALLERS ONLY

9 LITTLE NEWPORT STREET,
LONDON, WC2H 7JJ.
Tel.: 01-437 0576
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I;L.P. (Elecvtronics) Ltd

THE HY41

The HY41 supersedes the popular HY4Q introduced by ILP last year. This highly improved

. moduie achieves true High Fidelity with a dramatic reduction in distortion (typically 0.06% at
"1KHz into 8 ohms!) and is electronically and mechanically compatible with the HY40.

With this important improvement the HY41 retains all of the quality characteristics found in
the earlier version and P.C. board, Resistor, Capacitors, Hardware Mountings and comprehensive
manual are included in the basic kit. No further components are required to construct a complete
power amplifier of extremely high performance sufficiently versatile to provide power not merely
for Hi-Fi but also for public address systems and industry.

The free manual gives a full circuit diagram of the HY41 and its various applications including
a complete stereo amplifier. )

Like its predecessor the HY41 is based on conventional and proven circuit techniques developed
over recent years.

QUTPUT POWER: British Rating 40 WATTS PEAK, 20 watts
R.M.S. continuous.

LOAD (MPEDANCE: 4—16 ohms,

INPUT IMPEDANCE: 30K ohms at 1KHz.

VOLTAGE GAIN: 30db at 1KHz

T0TA1LK1-'I-|ARM0NIC DISTORTION: less than 0.15% (typical 0.05%)
at z.
FREQUENCY RESPONSE: 5Hz—50KHz + 1db.
+ SUPPLY VOLTAGE: + 22.6volts D.C.
- SUPPLY CURRENT: 0.8 amps maximum.

PRICE: inc. comprehensive manual, P.C. board, five extra components and P. & P.:—
MONO: £5.39 STEREQ: £10.78 This is inclusive of V.AT. plus P. & P.

UNIQUE HYBRID PRE-AMPLIFIER -

The HY5 has rapidly established a position in the WORLD as the sole hybrid
pre-amplifier to contain all feedback and equalization networks within an integrated
pre-amplifier circuit.

Supplied with the HY5 are two stabilizing capacitors and by the addition of
volume, treble and bass potentiometers it is ready for use. R

Internaily the HY5 provides equalization for almost every conceivable input, the
desired function is achieved by use of @ multi-way switch or by direct interconnection,

Two distinctive features of the HY5 are its inbuilt stabilization circuit, allowing it
to be run off any unregulated power supply from 16—25 Volts and a balance circuit
which, when linked by a balance control to a second h Y5, forms a complete stereo
pre-amplifier.

Specifically and critically designed to meet exacting Hi-Fi standards, the HY5
combines extremely low noise with a high overioad capability. When used in con-"
junction with the HY41 and PSU45 forms a completely intergrated system.

INPUTS
Magnetic Pick-up (within +1db RIAA curve)

2mV. 47K Q)
Tape Replay {external components to suit . i

head). 4mV. 47K ACTIVE TONE CONTROLS {Bexendall) SUPPLY CURRENT
Microphone (flat) 10mV. 47K §) Treble + 12db. 6mA approx.
Ceramic Pick-up (equalized and compen- Bass + 12db. OVERLOAD CAPABILITY

satable) 20—2000mV. variable. - INTERNAL STABILIZATION better than 26db on most sensitive input
Tuner (flat) 250mV. 100K § Enableslthe_r':‘Y5h tt} share an unregulated infinite on tuner and auxl.
Auxiliary 1 250mV. 47K §) supply with the Power Amplifier. OUTPUT NOISE VOLTAGE: 0.5mV.
Auxiliary 2 2—20mV. 100K §) SUPPLY VOLTAGE

16—25 volts
PRICE: MONO: £3.96 STEREO: £7.92 This is inclusive of V.A.T. plus P. & P.

POWER SUPPLY PSU45

The versatile P.S.U.45 is designed to supply your HY41's +HY5's in stereo or mono format.

Specification

Input: 200—240 Volts.

Output: + 22.5 Volts at 2 amps.

Overall Dimensions: L. 7*’; D. 3.8"; H. 3.1"
PRICE: £4.95 This is inclusive of V.A.T. plus P, & P.

Please note we reserve the right to substitute at our discretion updated versions of advertised designs where applicable

CROSSLAND HOUSE - NACKINGTON° CANTERBURY:KENT

CANTERBURY 63218
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" Electronic Brokers Ltd.
r TY—/™ 7T T g

PORTABLE AC/DC
RECORDING VOLTAMMETER

Fitted with separate zero-marking pen.
Accuracy 1.5% DC, 2.5% AC. Measure-
ments ranges — AC and DC: 5-15-150-
250-500mA 1.5-5 Amps 5-15-50-150-
250-.500V. DC only 150mV. Frequency
range 45 to 1000 cfs. Chart width

WHEATSTONE BRIDGE
AND CABLE FAULT LOCATOR

Measurement of resistance in the range
of 0.005 to 1 megohm. Location of cabie
fauits using Varley loop method. Location
of cable faults using M urray loop method.
Measurement of asymmetry of wires.
Use of four-decade section as a resis-
tance bhox. The bridge consists of four
decade switches giving a range from 1 to
9999 ohms in T-ohm steps. Accuracy:
from 1 to 99.890 ohms 0.5%. from 0.1
to —.9999 ohms 1.5%, from 100k to 1
megohm 5.0%, from 0.0056 to 0.0999

AC/DC MULTIMETER

With taut band suspension movement.
Sensitivity 20,000 ohms per volt on DC
and 4,600 ohms per volt on AC.
Technical Data:

0.06-0.6-6-60-600mA-3  Amps DC.
0.3-3-30-300mA-3 Amps AC. 0.6-1.2-
3-12-30-60-120-600 DC. 1200 Volts.
3-6-15-60-150-1300-600-900 Volts
AC. 45 10 20.000 Hz.

5009, 5-50-500k$2 resistance. Decibel
range — 10 to + 12dB. Accuracy {% of
F.5.D.):—DC and resistance measure-

3" SINGLE BEAM
PULSE 0SCILLOSCOPE

For display of pulsed and periodic wave-

forms in electronic circuits. Vertical
amplifier: Bandwidth 10 MHz. Sensi-
tivity "at 100 KHz V RMS/mm..1-25.
Horizontat Amplifier: Bandwidth 500

KHz. Sensitivity at 100 KHz V RMS/mm.
sec. Free runping 20-200.000 Hz in

.3-25. Preset triggered sweep 1-3000y

temperatures up to 500°C. The main
design objectives were for an easy-to-
use, robust instrument suitable for use
in the laboratory and in the field. The
four ranges are 10°C, 50°C. 100°C and
BOO°C. These are selected by push
buttons allowing fuli use of the 3”
wide chart. Two chart speeds 1" and
©” per hour are provided by the 240V
50Hz synchronous chart drive.

The 3% basic accuracy of the instrument,
which is' adequate for most applications,
has been achieved without introducing
stability problems in the d.c. amplifier,
making the recorder ideal for use in
schools, colleges and universities and by
unskilted personnel. The recorder is
complete  with  N1Ch/NiA1 thermo-
coupte and mains lead. This product is
brand new and manufactured in our own
laboratories with three month guarantee.

£95.00 )

‘ plus £5.00 packing and catriage.

OUTPUT

POWER

METER
TYPE MU 364.

This instrument. basically consists of a
transistorized lifier vol which
measures the voltage across a specified
load. It is provided with 40 load
values ranging from 2.50hm to 20KOhm
As the loads are purely resistive, their
value keeps constant with varying

loop allows a nearly linear scale to be
obtained. No damages to the instrument
result from errors in presetting the
load values or the power ranges.

Power measuring range

{in 4 ranges) from TmW to 10 W

Level measring range -
Ref. TmW from —3 dB to + 40 dB
Frequency range from 20 Hz to 50KHz
Accuracy Within 0.5 dB

Load input resistances 40 Values

Resistances accuracy better than 5%

Instrument Calibration RM.S.

£89

frequency. A special negative feedback |

THREE CHANNEL
HIGH SPEED RECORDER

Strip Chart Recorder. Chart length 175ft.
Footage indicator. Width of recording
channet 80mm. Chart speeds (selected
by  pushbuttons) 1.2-12-30-60-120-
300-600-3000 mm. per minute. Full
deflection current 8mA. Internal impe-
dance 210 ohms. External impedance
800 ohms. Dimensions 510x345x175
mm. Weight 44 Ibs. Price complete
with accessories

£90.00

NE

manufactured in Italy by

trical measuring instruments.

instrument.
The range 10

damage during transit.
The Ampertest

current transformer in a solid

.

EVENT RECORDER

Designed for

recording sequences of

up to ten different operations, e.g.
sequence of machine tool operation,
switching sequences, etc. Record is

presented in the form of square ‘‘pulses”,
When energised, pen moves by approxi-
mately 4mm. to the right of zero line.
Response time 100 milliseconds. Chart
width  110mm. Chart length 5Oft.
Inv. capacity 72 hours. Chart speeds
20-60-180-600-1800-5400 mm/hour.
Size 160x160x255mm. Woeight 9 lbs.
Price compiete with accessories

Electronic Brokers Limited announce the introduction of a
new clamp type ammeter having 6 current ranges p|U§ 2
voltage ranges for use on B0 to 60 alternating Culjl'eﬂ‘ supplneg
Known as the AMPERTEST 690, the new instrument is
Industria  Construzioni
meccaniche, one of Europe’s largest manufacturers of elec-

The Ampertest 690 uses the familiar clamp or ‘p‘[ncer’ system
to measure the current flowing in a conductor without brez,k-
ing the circuit. The meter, which is designed to be used with
one hand. has 6 current ranges from 3 to 600 amps f.s.d.
with the first division at 100 mA. The current ranges may b.e
extended by use of a 10 to 1 current transformer which is
supplied with ‘theé instrument provndmg ranges from 300
mA to 60 amps f.s.d. with the first division at 10 mA. In
addition there are two a.c. voltage ranges, 250V and 600V
f.s.d. The connections for voltage measurements are made
by two feads and probes which plug into the base of the

be used is selected by rotating a small serrated
thumbwheel on the side of the instrument. This ac(ion‘ brings
the appropriate scale under the meter needle removing the
possibility of reading the wrong scale. When not in use the
meter movement is clamped by the ON-OFF switch to prevent

690 is supplied complete with voltage
measuring leads and probes and combined twin wire adaptor/
leather carrying case. A

belt fitting pouch is available as an extra.

£52.00

AMPERTEST 690 —
A NEW CLAMP TYPE AMMETER

Ellectro-

£37.50

100mm. Chart speeds 20-60-180-600-: [ ohms 5.0%. Dimensions: 300x230x | ments +2.5. Price with test leads, and | MNE ranges. Calibrator pips. Dimensions
1800-5400 mm/hour. Weight 22 tbs. | 150 mm. Weight: Approx. 12 1bs. | storage cace 220x360x430 mm. Weight 40 Ibs.
Price complete with accessories Price complete with connecting leads 115-230V AC operation

4-RANGE

GENERAL

PURPOSE

TEMPERATURE

RECORDER

Type 01
Specially designed compact self-
contained instrument for recording 10 CHANNEL

AC CLAMPVOLTAMMETER

Clamp-on  Voltammeter is used for
measurements of AC voltages and
currents without breaking circuits.

Specification - ‘

Measurement ranges:~——Current
10-25-100-250-500  Amps. VYoltage~
300, 600 V. Accuracy 4%. Scale

length  60mm QOverall  dimensions

283x94x36mm. Weight 1.5 Ibs.

£10.50

DOUBLE BEAM OSCILLOSCOPE
Designed for investigation and measure-
ment of pulsed and periodic waveforms.
The use of two independent vertical
deflection amplifiers permits the display
and analysis of two different waveforms
simultaneously. Display area 35x80 mm.
Repetition rates of investigated wave-
forms B0 Hz to 1 MHz, Range of pulse
length 0.35ps 10 1 sec. Range of ampli-
tudes 0.04 to 400V, Maximum amplitude
without  external  attenuator 100V.
Characteristics of vertical amplifiers:
Amplifier passband at 1db DC to 1 mHz
Amplifier passband at 3db DC to 5 mHz.
Sensitivity at medium frequencies at
broad passband 500mm/V. Size of
undistorted puise display 40mm. input
impedance 0.5 + .015 Megohms
shunted by 45pF. Input Impedance with
external attenuator 5 Megohms shunted
by 13pF. Voltage attenuation ratios of
the built-in attenuator 1:1:1:10: 1:100;
1:1000. Time Base: Preset calibrated
durations:~—microseconds  per
cm 0.2: 0.5: 1; 2; 6; 10: 20; 80: 100.
Milliseconds per cm 0.2: 0.5; 1; 2; 5;
10; 20; 50; 100. Free-running time base
frequency range 50 Hz to 1 mHz
Sweep sync. voltage and trigger voltage
0.5V. Maximum trigger pulse repetition
rate 10 kHz. Built-in amplitude cali-
brator: Amplitude of test pulses with
duration of 0.35 usec or longer 0.04-100V,
Fundamental error of the calibrator
+10%. Frequency of quartz crystal
calibrator 100 kHz. Overshoot of pulse
top -for pulses with rise time not below
0.1usec 10%. Instrument warm-up time
30 min. Power inputs 220/250 + 50 Hz,
Qverall dimensions 260x550x376 mm.
Weight 55 ibs.

£87.00

>

MULTIMETER

0.1-1-10-100-1000m A, 2.6-10-20-
250-500-1000V AC/DC. Sensitivity AC
and DC all ranges except 10V-10,000
Ohm/V. Dimensions 212x118x75 mm.
Weight 2.9 Ibs. Price complete with
steel carrying case and test leads

£4.95

R

ELECTRONIC
TIME DELAY
SWITCH.

Specification :
Delay period 1-25 minutes adjustable,
load 1000 watts maximum. Operating
Voltage . 180-260V a.c. 5OHz. Size
3% x 3% x 1% Standard Ivory Surface

ﬂmmm Box Trade Price fo80
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MODEL 300 LOGIC PROBE

A compact easy-to-operate logic probe.
As a light-emitting diode is used the unit

actuates with low power. It does not
affect the circuit under test because of
high input impedance. Up to as high a
frequency as 12 MHz.

£5.50

plus 75p. packing and carriage,

ntastic valu

i

o s o

TV SWEEP MARKE
GENERATOR Type VU 167
Suitable for alignment of tuned circuits
in television sets. Incorporates a sweep
generator, a market generator and a
crystal-controlled oscillator operating at
5.5 MHz. Sweep frequency range 1-30
MHz, 170-260 MHz Fund, 470-780
MHz Harmonic. Marker frequency range
2-266 MHz, 480-800 MHz.

PORTABLE WHEATSTONE BRIiDGE
Designed for measurements of DC
resistances in the range of 10-® to 10%
Megohms. Basic accuracy 0.01 ohins to
10° ohms is 0.2%. Dimensions 300x230x
150 mm. Weight approx. 13 Ibs.

@ in Test Equipment

MINIATURE PEN RECORDER

Provides permanent record of DC
currents up to 1mA. Eminently suitable
for use where space is limited. Separate
time marker pen provided. Chart width
80mm. Chart length 40ft. Chart speeds:
Slow 20-60-180 mm/hour. Fast 600-
1800-5400 mm/hour. Dimensions 120x
120x285mm. Weight 7.7 Ibs. {3.5 Kg).

R
SINGLE CHANNEL
HIGH SPEED RECORDER

Chart length 175ft. Footage indicator.
Width of recording channel 80mm.
Chart speeds {selected by push buttons}
1.2-6-12-30-60-120-300-600-3000 mm
per minute. Full deflection current 8mA,
Internal impedance 210 ohms. External

from 250m4 to
00 amps.
£11.95

Gauss
Qleter

Measuring
Magnetic
field
Strengths,
£11.95

DISTORTION METER

Type D 566 B
Fully transistorised for measurement of
overall distortion of signals with

frequencies between 10 Hz and 1 MHz.
Built-in electronic voltmeter can also be
used separately for measuring AC
voltage, basic noise, gain or attenua-
tion over a wide frequency range.
Distortion meter:—

Frequency range (in 5 ranges}: from 10
Hz to 1 MHz. Distortion factor (in 7
ranges): from 0.03% to 100. Minimum
testing voltage: 300 mV approx. Input
impedance: 100 KOhm : 40 pF approx.
Millivoltmeter:

Voltage range (in 12 ranges): from 1 mV
to 300 V. f.s.d. Level range (rel. 10 0.776
V}: from + 52 dB to — 75 dB. Frequency
range: from 10 Hz to 2 MHz. Bandwidth
{within 3 dB): up to 8 MHz. Accuracy:
better than 59%. Input impedance: 2
MOhm: 50 pF approx.

are other

Covering the
range -3¢0 1o
+200°¢C. £14,95

LF SIGNAL GENERATOR
Type G 1165 B
Transistqrised generator providing wide
range of squarewave and sinewave

signals. Suitable for measuring distortion,
when testing the

gain or attenuation
frequency response of low-frequency
equipment,

Sinusoidal output:—
Frequency range (in 4 ranges): from 10
Hz to 100 KHz. Output voltage: from 1
mV to 10 V. Output impedance: 600
Ohm  constant. Frequency accuracy:

better than 2%. Harmonic distortion:
less than 0.3% (50 Hz . . . 30 KHz).

Squarewave outputi~—
Frequency range {in 4 ranges): from 10
Hz to 100 KHz. Output voltage: from 100
mV to 10 Vp. Output impedance:
75 Obm constant. Risetime: less than
10n8.

g light,
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WOW AND FLUTTER METER
Type WF 971

Solid state, high stability vnit. Can be
preset for either the European standard
at 3160 Hz or the American standard at

3000 Hz. Provided -with built-in
oscillator.
Specifications: DIN and CCIR. input

Signal: 20 mV rms to 20 V rms approx.
Frequencies (switchable): 31560 Hz and

3000 Hz. Ranges (flutter): +/— 0.1%
+/— 0.3% +/— 1% fs.d. Drift indica-
tion: +/— 2% max. Input impedance:
10mOhm  max.  Built-in  oscillator:
3000 Hz or 3150 Hz switchable. Stab-
ility:  better than 0.1%. Shifts for

calibration: +/— 0.1% dynamic, 50 Hz
+ 2% static.

£225.00

Esni UNT:
50 s
MERS each,

AC. 25
RoBE Exte,

{

i ‘;r'

RCL BRIDGE Type P 966

For measurement of RCL and capacitor
dissipation factor and inductors figure of
merit Q. Consists of a system of switch-
able bridges, 2 1 KHz generator, and a
sensitive tuned detector. Particularly
suitable for testing of small production
batches and selection of component
parameters.

Measurement ranges: N
Resistance: from 0.1 Ohm to 11 MOhm.
Capacitance: from 1 pF to 1100 uF.
Inductance: from 10 uH to 1100 H.
Accuracy: +/— 1%. Dissipation factor D:
from 1.10-* to 50. Quality factor Q:
from 0.02 to 1000. internal oscillator:

£170.00

impedance
320x340x175mm.
Price complete with accessories

24 tp
and from 20 4,
nds 2 ranges f,

A

800 ohms. Dimensions
Weight 35 Ibs.

£55.00
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AM-FM GENERATOR Type AF 1065

Permits fast and accurate calibration of
modern radio receivers. Suitable for
calibration and testing in the laboratory.
AM frequency range: from 140 KHz to
46 MHz in 6 ranges expanded range
430-530 KHz. FM frequency range:
9.6-12 MHz; 85-110 MHz. Frequency
accuracy: better than 1%. RF output
voltage: adjustable from 0.1 uV to 0.1V.
Output impedance: 75 Ohm constant.
Modulation: AM: FM; AM + FM,
Amplitude modulation: 400 Hz; from 0-
50% adjust. Frequency modulation:
1000 Hz adjust. Deviation from 0 — +/
50 KHz. External modulation: AM:

FM: from 30 Hz to 15 KHz.

£225.00

DISTORTION FACTOR: 0.2% for the sine wave
output for the lower frequency range. < 1.0% for
the upper frequency range. RISE TIME: < 0.1
microseconds  for the square wave and 03
microseconds in  the upper frequency range.
WORKING VOLTAGE: 9 volt, 240mm x 140mmH x

AM  MODULATION: Internal and extemal from
0 to 50%. AF OUTPUT: Variable for frequency and
level. WORKING VOLTAGE: 9 Velt. 240mml x

+ 2% RF. OUTPUT VOLTAGE: 50 millivolts
mitimum. AF. QUTPUT VOLTAGE: Approximately
1 Volt at 800Hz. WORKING VOLTAGE: 9 Volt.

3 from 10pF to 10mfd. WORKING VOLTAGE: 9
volt. 240mmL x 140mmH x 10DmmD. 24ibs. £18.50

240mmL x 140mmH x 100mmdD. 2}lbs. £19.50

£249.00 ' £165.00 | |
WIDE RANGE 0SCILLOSCOPE-—TYPE 46 .
E RANGE F. WIDE RANGE TRANSISTORISED A compact general purpose single Igea_mv olid state. DC
¥ln'2n51smn AuDio gémsgg:;sniw; TRANSISTORISED R.F. CAPACITY/RESISTANCE ¥ Amplifier . — SmHz. 3 db haniiwidth “\f' W"g'e\;i
GERERATOR LR, T RE carrer can be intemally - SIGNAL GENERATOR BRIDGE H_Sl:ns Haﬂ;ﬂ:-in;sfgc ;upl[e]di
High stability low frequency generator. Basic and  extenally mdu'ate.d A fow priced RF. Generator, 8 ranges, covers from SUUV';_- lnput impedanc’ev approx
circuit is a Wien-Bridge controlled sine wave le{|| 0.5% — internal ‘mudnlatinn lreql;en?yz‘;; 150kHz to 300MHz The output can be unmod- The measuring ranges of this Ean_al:itv Resistance 1NLO&47Pf.
oscillator and square wave is Aurgggaﬂimgvv variable _between approximately 800 da? ulated by means of an intemal 400Hz oscillator. | Bridge are 10pF to 100mfd capacity and 10chms Sweep speeds +5%.
means of a Schmitt trigger circuit. Hz — AF output adlflstahle for Iev;! anzzrn%umﬁv The AF. signal is available from a separate cutput | 10 10 megobms. Bridge balance is shown by means # rangos 10mSes/om to 10Seg/om
RANGES: 4 from 10Hz to 100K OUTPUT | FREQUENCY RANGES: 8 fiom 147k to ?1 2| ocket. Both output sockets are provided with an | of 2 luminescent bolance inicator tbe. A further | 1S purnnsicopumtion
VOLTAGE: 1 it P ot o | e Aigfe?r?;}cy'uysztﬁ Citatr, " Burit | iolsting copactor (500 0. max) FREQUENGY | switch mostion permits measurement of capacity | Amplifir  3db bandwidth D.C. — TmHz input
e and square weve IMPEDANCE: K ohm | TAGE. 0 millaite minimum on ol ranges,| RANGES: 8 fom 150kHz to 300.0MHz. ACCURACY: | leakege cument. FESISTANCE RANGES: 3 from impedance approx. 25 k(2220-240
' ' 10 chms to 10 megohms. CAPACITY RANGES: 50-60Hz. Width 24em. Depth 19cm.

7lbs £59.65
Also available: Function Gen. U.1Hz --1mHz, frequency
counter 5Hz --,9.899mHz.  Ask for more details.

140mmH x 100mmD; 331bs, £36.

100mmD. 24ibs. £27.

ALL EQUIPMENT BRAND NEW AND GUARANTEED FOR 6 MONTHS

ADD 10% VAT TO ALL PRICES @ PROMPT DESPATCH MAIL ORDER
CALLERS WELCOME MON-FRI9 A.M.t05-30 P.M.SAT9-30A.M.t02P.M.

LECTRONIC BROKERS LTD. 49-53 Pancras Road, London NW1 20B. Telep

£2 towards the cost of pack-

and
UK

and

Add

ing items

carriage  on - all

for detivery . (except  where

acking carriage . are already

indicated);

hone 01-837 7781
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PEN RECORDERS

Portable 1, 2 and 4 channel pen
recorders by Kelvin Hughes. General
purpose recorders providing clear
instantaneous and permanent records
of phenomena with comparatively
high rates of change. The torsion-
strip suspension of the moving coil
renders the instrument immune to
the effects of vibration and accelera-
tion.
Six possible chart speeds, chart
width 55mm., length 150 ft., linearity
8v. at3 mA. response D.C, to 100 ¢/s.
Single pen with amplifier £49
4 pen with amplifier £85

SERVORITER Model FWS

By well-known American manufacturer.
Power supply 120 v. 50 Hz. Response time
24 secs. Resistance source 10 K ohms max.
Chart width 11 in. This is a slow-speed re-
corder that can be used for measuring any
quantity with a comparatively slow rate of
change such as temperature, humidity etc.
Supplied with electrovolt conirolier that
enables the sensitivity, reset, proportional
band and rate to be adjusted. This unit enables
the demanded temperature to be controlled
and the actual temperature recorded. Size:
16% in. wide, 174 in. high, 13% in. deep. Price
£05. Carriage extra.

MUTUAL INDUCTANCE
BOX TYPE R.7005

Specification Range: 0-11.100 mH. in
0,002 mH. divisions. Accuracy: (0.3 X
0.012M/  where M==value of mutual
inductance in mH. set on the box. Fre-
quency range: 0-2.5 Kcjs for all decades
except X1=0-15 Kcfs. Maximum current:
0.5A for decades 1A for variometer (both
primary and secondary wingings). Case:
Zglished teak. List price £65. OQur price

| J0REORTUN

EX COMPUTER HIGH GRADE FULLY
STABILISED POWER SUPPLIES

Input 200/250V.
ADVANCE TYPE DC 207

ADVANCE TYPE DC 200
ADVANCE TYPE DC 202
ADVANCE TYPE DC 197

WESTINGHOUSE Fully Fused
Input 200/220/240/10

WESTINGHOUSE

£18 EACH.

Output
20 Volts 9 Amps,
10 Volts 5 Amps.
10 Volts 3 Amps.
20 Volts 2 Amps.

—20 Volts 13 Amps.
10 Volts 5§ Amps.
20 Volts 25 Amps.

35 Volts 9 Amps.
24 Volts 4 Amps.
10 Volts 8 Amps.

6 Volts 7-5 Amps.
—6 Volts 11 Amps.
—28 Volts 9 Amps.

14 Volts 0-75 Amps.
20 Volts 4 Amps.
25 Volts 25 Amps.
30 Volts 0:75 Amps.

6 Volts 75 Amps.
6 Volts 11 Amps.
28 Volts 9 Amps,

P. & P. £2.

KENT CHROMALOG 1 DIG‘ITAL

INTEGRATOR

For use with gas chromatography apparatus or any-
thing with an output expressed as a varying direct
voltage. Automatic print out and 0-10mA O/P to
drive recorder, Offered in excellent condition, 3
months warranty and copy of handbook, Price £150.

Carriage extra,

MINITRON

SINE COSINE POTENTIOMETER 47K

Precision component by Pye. Model 2002,
Manufactured to rigid Minisiry specification,
The assembly consists of three units
mounted in one frame. Each unit contains
two sine and two coside potentiometer
sections, the sliders being ganged together.
Electrical connections, 2 end taps, slider
and centre tap. Mechanical |/P: 30 r.p.m.
Max. torque: 3% oz./in. Dimensions: W,
6% in. H. 5 in. D. 71 in. Wt. 7% tbs. Ex equip~
m?nt. Good condition. Price £5. Carriage
extra.

ROHDE & SCHWARZ
Zg DIAGRAPHS
HF IMPEDANCE
PLOTTER

These instruments will
rapidly plot the loci of
the impedance or admit-
tance of any item such as
antennas, {ransformers,
absorbers, fllters and
other networks. Imped-
ance measurements are
possible from 0-02Z, to
50Z, where Z°=50, 60 or

75 ohm.
Type ZDD 300—2400MHz. Price £390.

INFRA-RED
SPECTROPHOTO-
METER

A single beam instrument de-
sifﬁnedt pfrimarilv to anilyse the
effluent from a gas chromato-
graph, however the fast response Beckman Type IR-102

and fast scan capabilities make it suitable for fast reaction studies
involving conventional gas, liquid, or solid samples. The wave length
range is 2'5 to 14-5 microns. In excelient condition. Price £345-00

EX COMPUTER POWER SUPPLIES
Input 220/250 Volts Output 22 VE(Iit-som Amp Ovarload Protect Lamp.

K.G.M. Type 3015F 7 Segment display showing
figures 0-9 plus decimal point. Character of 8mm
height. In 16 DIL case,

NEW LOW PRICE £1-85
SN7447N BCD Decoder Driver £1-65

TELETYPE PUNCH

BRPE High-speed punch. Sel-
contained, consists of punch
unit, base, motor unit. For use in
many data communication sys-
tems. Operating speeds up to
100 characters per second. (1100
words per minute). Available for
punching 5, 8, 7, or 8, level codes,
into &7, " and 1" tape. Syn-
ghr%nous, parallel-wire input.

WELMEC 7 & 8 HOLE

ELEC-
TRO-

Models $S110
and R82C, 17
char. per sec.
Rebuilt, avail-
able from
stock, £75.

Transporters
AMPEX TM4, TM2, TM7, FR300,
IBM 7330, POTTER, ICL Magnetic
Drums. From £75.

Magnetic Tape

COMPUTER PARTS

024 Automatic alphanumeric keypunch....... PR
026 Automatic alphanumeric printing keypunch. ...
056 Verifier features and operation same as 024, 026

HAND PUNCHES—
80 COLUMN

THE PUNCH

Is a table-mounted Model Punch.
For the Serial Punching or alpha-
numeric Data, Alpha or Multi-
Hole Punching. From £59-50.
103 Verifiers available £89-50.

ICT KEYBOARDS
in original packing—Numerical
from £4-50

1ICT KEYBOARDS

in original

packing — Alpha-
numeric P

rices From
from £12-50

IBEM PUNCH CARD
EQUIPMENT
FULLY GUARANTEED

Prices from

082 Sorter 500 cards per minute are sorted........ocoiveienns

Carriage extra.

MARCONI A.M. SIGNAL GENERATOR

TYPE TF801D

10-485Mcfs in five ranges, Qutput 0-1uV-1 Volt E.M.F. External Sine

A.D. Frequency 30c/s-50Kc/s.

" ELECTRONIC BROKERS LIMITED

- 49/53 PANCRAS ROAD : LONDON NW1 2QB. Tel: 01 -837 7781

PRICE £195
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SOLARTRON Type 0S103 L.F.
DECADE OSCILLATOR

Frequency range: 0-01Hz to 11-1KHz. Sine and square
wave accuracy 2% O/P 0-10V r.m.s. 100mW into 1KQ
PRICE: £99-00

100-230v
mains input

Reliabfe
capacitors

Algminitm frame

Regulation
pane}

Over voltage
protection.
ciow har action

) A BARGAIN

IN NEW POWER SUPPLIES.

AT LESS THAN HALF MANUFAC-
TURERS PRICES.

O/P Voltage 7:5V-9V. Max. load current 10 Amps. Max.
ripple on full load approx. B0mV. p.p. Threshold current

10-5A. Qvervolt protection, OUR PRICE £12:50

SIGNAL GENERATOR *X' BAND

Sanders model CT480 (SGA480) and CT478 (SG478).
Specifications: CT480 8-11-5KMHz; CT478 1-3-4-2 KMHz,
OfP of ImW from 80-11-0KMHZ (CT480) and 1-4-4-0
KMHZ (CT478). These high grade generators comprise
a klystron oscillator in a co-axial cavity fed from a stable
power source. Provision for application of square wave
or pulse modulation, internal or external sources,
Attenuator calibrated from 0-100 db below 1mW. /P
110-250V  50-500Hz 200W. Rack mounting. W. 18in.
H. 14in. D, 15in. Wt. 74 |bs. Price, £125.

AUTOMATIC RECORDING
WAVE ANALYSER

Muirhead Type K100. The K100 Automatic Recording
Wave Apalyser can analyse and record graphicalit
complex waveforms in the range 10¢/s to 19Kc/s. The
speed of analysis makes it possible to reduce testing
times to a minimum, resulting in increased utilisation of
personnel and reduced running costs of equipment.
Specification:
Frequency Range
Frequency Accuracy

10c/s-19Kc/s in four ranges.
1% on recorder paper (1-5%
bandwidth, steady frequency sig-

H-

nal}).

1:5% bandwidth, 3dB down to
approx. 0-8% off-tune. Octave dis-
crimination better than 70 db, *5%
bandwidth 3 db down to approx.
2:5% off-tune. Flat-topped with
1 db over 3% frequency range.
Octave discrimination 54 db*. 1/3
octave bandwidth 8 db down to
approx. 12% off-tune. Octave
discrimination 30 db*,

* Final scope of response curve is 6 db/Octave above and
below tune frequency.

Further information available on request.

Selectivity

PRICE £450

AIRMEX 853 H.F. WAVE ANALYSER

Frequency range: 30KHz-30MHz in 7 bands. A very
popular instrument which has been refurbished. Price

AVOMETERS
Model Price Model Price
D £14 40 £1
7 £19-50 47A £16
8 £29-50 48A £16
£35

8X
NB. 47A and 48A are Admirally versions of Model 40,
the only difference being that the resistance ranges
9-1-2, 0-12 ohms, which are available on the Model 40
with the use of an external power supply, are not avail-
able on the 47A and 48A. CASES AND LEADS EXTRA

PHILIPS VALVE VOLTMETER
MODEL GMe6014

Max. 300mV, 1000Hz-30MHz. PRICE £30-00

ADD 10% -VAT TO ALL PRICES




Wireless World, ]uly 1973 a8l

to purchase some of the Worlds finest
calibration instruments al savings of

5 AANDIMOREY

BRUEL

& KJAER

ELECTRONIC ) » .

VOLTMETER BRAND NEW MINIATURISED | FREQUENCY CONVERTER MODEL B.40
MODEL 2489 STRIP CHART RECORDER BY | 50KVA to 60 Hz power frequency converter. Fully overhauled.

3 Specification:

RUSTRAK o Prime Mover: Electric Motor

~f America. This Recorder indicates the mag- | input: 220/380V 5CHz 3ph
nitude of applied currents or voltages by a} Output: 220V 60Hz 3ph
P continuous distortion-free line on pressure I at50 KVA with PF of 0-8. PRICE £450-00
sensitive paper. Moving coil t, scale
RM.S. values of calibrated 01 milliamp d.c. internal resistanc: | HEWLETT PACKARD DIGITAL RECORDER
AC voltages in 100 ohms. Chart drive motor 240 V §3 Hz. MODEL 565A
the frequency t speed 1” per hour. Complete with hand-

Ch
e Boqneney | ok, Price £35_0%rplus £5.00 packing and carriage. 2§tlaclénér&/§&arallel to 11 columns, Print speed 5 lines per second.
KHz. 11 voltage :

An instrument for
the measurement
of peak average
absolute and true

ranges from 10 SINGLE PEN HEWLETT PACKARD SAMPLING OSCILLO-
mv - 1000 voils. RECORDER SCOPE MODEL 185B
:zlr: s;ilii:qeﬂnch- by Record Electrical. 3" chart, { Including 187C. DC—100 Meg Hz. PRICE £395-60

1sensndivisty 1 mirllliamp.sphart speﬁg Py
7 an " per hour. Size '” X E HIGH RESISTANCE s
X 8", Offered complete with pen

assembly and spare chart, Listed | OHMMETER MODEL 10B )

at over £100 — this month's special | Range from 0-3-20,000 Megohms

voltage. Input im-
pedance 10 Meg.
The high input
impedance, low output impedance and accurate attenuator also

make this_ an ideal calibrated amplifier. Brand new in manufac- §2§§nd”§|ut§ ‘2:"5'.'50"“522%?2 ' én& ::e‘:;?,?g,:i:: f,?o‘c’;,g:ﬁge’,?{s";? &
turer’s original cartops. carriage. circuits having high parallel i A
e e RS BTN s eoo @ -
£59-50 PRICE £20-00 [ \
TRANSITROL TEMPERATURE ; :

e it

CONTROLLER TYPE 990

-TRACK DIGITAL MAGNETIC TAPE Completely transistorised seli-contained direct deflecting | MULLARD VALVE VOLTMETER MODEL E7555/2
STORAGE DECK units for indicating and controlling temperature accurately . PRICE £20-00
These hi originally ter, are multi-track recording e e Wige raltit S;aita]?le wherrewe s;ﬁ"a' cané’es':gméemd HIL!IP.

trivgh puter, a Ing I into d.c. Sensitivit ohms per « Minimum F.8.D, .
units, ideal for data storage. Record and Replay Heads encased 'Cold junction co,zpensaﬁon? Calibrated scale length 6.57, ;DDELSGISVI%H?RE WAVE GENERATOR
In one unit, Low heads. Fr Cy resp 0-800°C. Accuracy +/—1%. Front panel size 10" x 83", weight .
approximately 0 Ke/s to 50 Kejs. Bit density 557 b.p.i. 3 in,, 10 | 11 |bs. Mains supply 100-260 V. Control switching and thermo- | Range 15 ¢/s-200 Kc/s. Duration of square wave pulses between 0-75
in. spools, 230 V ta 380 V. Capstan motor speed 1,600 r.p.m. | coupie connections all at back of case, Price £18,50 plus £2.00 | u/sec and 40 m/sec. Square wave voltage 10V PRICE £15-00
48 V DC rewind motors plete with bly. Finished | packing and carriage.

in brush aluminium and matt black. Size 27 in. x 26in. x 8 in.

A e eminium and ma A.E.l. POTENTIOMETRIC RECORDER

0-2'5 MV, 5, 7°5, 10, 15 MV. Chart speed 1 rpm-3 rpm OR 1 rph-3 rph,
PRICE £45:00

POWER SUPPLIES, IBM EX-COMPUTER
HIGHLY STABILISED, TRANSISTORISED

FOSTER CHART RECORDER TYPE 3671 RY-6
ME.MORY PLANES Low VOLTAG; POWER SUPPLIES. Sensitivity 0-20 MV, —50 MV, 100 MV. Chart speed 15 cm/hr-6 cm/hr,
Ferrite. core memory planes with These modular units‘incorporate overload protection on both PRICE £3500

wired Ferrite cores. Used for building INPUT and OUTPUT. Load regulation of 1% or better, Low
your own computer or as an interest- | rioble and fast response time, Input voltage 120-130 50 Hz. } DUPLEX RECORD 2 PEN RECORDER

ing exhibit in the demonstration of a aunilabie in the following tvpes: 30 day clockwork —50/0/50 m/A PRICE £55:08
c_or‘m;uter. I\gount;d_ ancp(astict mate; 6 volt 8 Amp £21.00 - :
rial frame 5 x 8 in. Consisting o 5 g
ral frame, ° 2,8 i, Consisiing of | g Volt 12 Amp £1700 DUPLEX RECORD 3 CHANNEL PEN RECORDER
in?iv;dr‘)‘alny adqrﬁs_sﬁable. adnd divided 12 Volt 4 Amp £20-00 0-10 M/A. Speed 1" per hour, PRICE £25:60
into ves wi - FYTTY
. ol eives willindependent sense 112 volt 12 Ams Z22a0 COLVERN DIGITAL CODERS (Shaft Digitisers)
and inhibit wires. Price £2'50 30 Volt 7 Amp £19-00 Digital Coders are electromechniacal devices, which give a unique

parallel digital code output representing the angular position of the
shaft. The current handling capacity is sufficient to operate relay
decodes and indicators direct without intermediate stage of amplica-

tion.3 size magsliip, 256 divisions, max. torque for reflected binary code
EAC DIGIVISOR Mk. It 45 oz. ins. PRICE £10-00.
DIGITAL READ-OUT DISPLAY VIBRON ELECTRO-
Ideally suitable for use in conjunction with transistorised decade METER MODEL 338 LEEDS & NORTHRUP STRIP CHART RECORDER
counting devices. No need for amplifiers or relays as only a few | § I An exceptionaliy stabie laboratory § This well-known instrument is fitted with a Series €0 confrol unit servo

milliwatts of power are required to charge the digits. The DIGI- instrument for the measurement of | amplifier 101041 BR EQ. Range: 5-571 to 18-855. Ref. junction 320F.
VISOR incorporates a moving coil movement which moves a 7 very small d.c, voltages and cur- | Primary element: P1. P1. 12% RH JMC. Response fime: 5 secs. for f.s.d.
translucent scale through an optical system and the resultant rents derived from a high imped- | Chart width: 7in. Chart speed: 1 in. per hour. Power supply: 129V 50 Hz
single plane image is projected on a screen. The translucent ance. The Vibron Electrometer has (au?o-trav}sformer available). Dimensions: Ht. 18", width 11", denth
scale is made to represent digits 0-9. Specification: 6-3 Volt, < input ranges of 10 MV. 30 MV.{ 12%". Weight 5t ibs. PRICE £120:00
250 Microamp. Image height 7/8 in. Size 4 1/16 x2 7/64 x 1 5/8 ir.. - 100 MV, 300 MV. and 1 V and the

List price £880. Our Price £2, qutpm/is 1 mA. Full scale on all ranges. The drift does not | WIDE RANGE OSCILLATOR TYPE 400C by DAWE
exceed 100 microvolts in 12 hours and thelmpgg.a%smahfx\ce 1 ¢/s-1,000 ¢fs. PrICE £35-00
is 10 to the power of 13 ohms. Price £45-00 plus

LOW FREQUENCY RESOLVED COMPONENT | and carriage. FANS BY FLANNAIR =~ cose’ PRICE £4.00

INDICATOR BY SOLARTRON 2 clort1,000 rom. Type

Type VP 253.2A. This instrument will indicate by means of two SPECIAL OFFER DOUBLE PULSE GENERATOR TYPE TF 1400/S

cgﬂtre zerpﬂ? in. scaie‘met}_‘ers thellredsolvfed components of a sianaI il dor 10 cls—100becIs. Complete :\;rafh TM 6600. Pulse adju;t;bllceEbzg\gse%r&

voltage with respect to the applied reference energisation, Fre- A most versatile pen recorder | 1-5 usec. before and up to 3,000 usec. k

quency range 05 cfs-t Kcfs. Signal voltage ranges: 50 MV, ELLIOTT SINGLE producing a trace on a curvi- p

150M'\,/.|500 n/:‘\(,1-5:1,§v, 54')\|I,15‘V.and150V, %r"w?znherkba‘lanceo PEN RECORDER linear 8 in. stripdcha1rg. nr:g R.C. OSCILLATOR TYPE G432 by FURZEHILL
or unbalanced input. Signal Input Resi d chronous speeds: 1in. a i ]
20 MO balanced. Reference Input Voltage 90/130 or 230/240V . &ineper hour. Sauare and sinewave. 250 Kes. PRICE £23
ﬁtandalrdpl??cck :g;g‘l'w in. x 12% in. New condition complete with Fit(?d vtvith hig.‘; adng lv.m arlna;‘rln MARCONI TF87 STANDARD SIGNAL
anual. e -00. contacts operated by the "
pBasic movement | GENERATOR i Carrier Frequency.

ing coil. .

0-1mA DC coll resistance 400 Range: 15Kc/s-
ohms. Fitted with rectifier to 30Mels in 11 bands.
allow operation on AC effec- Calibration  Accur
tive coil impedance at 50Hz
1800 ohms. .

Pgwer supply required:

230V 50Hz.

VHF ADMITTANCE BRIDGE

Wayne Kerr B801A 1-100 MHz. Conductance 0-100 mijlichms.
Capacitance 0-230 pF and 0-230 pF £25-00.

Also Bg01. Indicates parallel p ts of ductance and
positive or negative capacitance for lines, antennas and feeders
0-100 milliohms, 0 to +/— 75 pF and —75 pF. Accuracy 2% up to
250 MHz. Price £75-00,

acy: + 1%.
Stability: After warm
up the drift in a 10~
minute period s,
typically, less than
0-006% for carrier
frequencies up to
3-2Mc/s and less than
0-01% from 3-2-2-

Applications: ideal for record-
ing relatively slow changing
phenomena such as: o
Temperature: Gas or liquid
Flow Rates, Sound Levels,

F LO” Speed variations. Power De- 30Mcs.
ENLOW LO* ¢ FREQ.UENCY A,NALYSER mgnd, Rainfall, humidity, etc. Output Voltage:
0-3 Hz to 1 KHz. Power density 0-10. Bandwidth switching range PRICE £25:00 . 0-4uV-4V.

06: 0-3: 1-5: 7°5: 37'5 Hz. Price £95. lmpedanée: 75 ohms

i vail- 2
Clockwork version also a nominal for outputs

able
from 2-4 v. 75 ohms
TYPE 230 PRICE £29'50

HONEYWELL ELECTRONIC for oYUyl Jrom
POTENTIOMETRIC RECORDER ASCOP DIGITAL ENCODERS : " . {)0; V%u)t'\)/ms irom

The following types are available: . . -} Type 504A-8-001 Price £20. Type EDD8SPrice £20. . y “AuvV-B-av. .
Toiodel | ¥15301115-01-01-0-(150)-01-002-202. Range 0- | SYNCHROVERTER SWITCH TYPE G1280) f0iiacyi Jeon SMels 202508 of L04uV. 310Mefs £0'5d8 or
-R. . ly: 106-125V, 200-250V 40-100c/s. Dimensions: 18 in. high X

2. Model Y153X18-/V AH/-11-111-118-]P&/DN2 R -20 my, | BY ELLIOTT Power Supp " /s. Dimensions: 18

/ {P8] ;?ﬁzg gg’sv!go PRICE £3. 21 in. wide X 14% in. deep. Price £165-00

ELECTRONIC BROKERS LIMITED | ADD 10% VAT TO ALL PRICES
49/53 PANCRAS ROAD : LONDON NW1 2QB. Tel: 01-8377781 -~ .~ - -
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TS60 POCKET MULTIMETER

High-precision .at low-cost.
Ranges: D.C. 15V., 150V,
1,000V, (10,000 opv). ALC.
15V, 150V, 100V. (1,000

opv).

D.C. Current 150mA. Resis-

;'?Sme 100k/ohms. £1-85, Post
D.

AUDIOTRONIC MODEL ATM.|
Top value 1000 p.p.v. pocket
multimeter.

Ranges: 0/10/50/250/1000v. AC
and DC. DC Current 0-ImA/
100mA. Resistance 0/150k
ohms. Decibels —10 to +22dB.
Size 80 X 60 X 28mm. Com-
plete with test leads,

£2-50. Post 15p.

LT601 MULTIMETER

New style 20,000
0. p.v. pocket,

5/25/50/250/
2300V, D.C.
iosissiona ac

LA K /6 meg ohms. —20 ¢ 22db.
£3-75. Post 20p. o +

- wmirror scale. Complete wn,h

. MODEL TH-I2 .

20,000 o.p.v. Overload pro-
tection, Slide switch selector.
(1))/625/2*5/10[50/260/1000V.

0/10/56/250/1000V, A.C.
0/500A/25/260mA D.C.
0/3K/30K/300K/3 meg. —20
to 4-50db.
£4-97, Post 15p.
RUSSIAN 22 RANGE MULTIMETER
Model U437 10,000 o.p.v.
A first class versatiie
instrument manufactured
in U.8. S R, to the highest
standards. Ranges: 2-5/
10/50/250/500/1000V
D.C. 2 6[10150[250/500/
1000v A.C. DD.C. Current
100 wA/1/10{100 mA/lA
Resistance 800 ohms/
8{30/300K/3SMQ  Com-
plete with batteries, test
leads, Instructions and
sturdy steel carrying
case.
Our Price £5-97. Post 25p.

- HI0KI MODEL 730X
30,000 O.P.V. Overload pro-
tection. 6130160[300160(”1200

12/60/120/600/1200

VAC. 60 pA[30 mA/300 MA.

2K /200K /2 megohm, +
+63 db. £8-50. Post 15p.

MODEL PL436

20kQ/Volt D.C. 8kQ/Volt
A.C. Mirror scale. -6/3/12/
30/120/600V D.C. 3/30/
120/600V A.C. 50/600A/
60/600 mA. 10/100K/
1 Meg/10 meg Q.—20 to.
+-46db. £6-97. Post 12p

MODEL 500

30,000 O.P.V, with overload
protection, mirror geale. 4/
5/2 5/10125/100/250/500/
D.C. 0/2.5/10/25/3100/
250/500/1 000 v. A.C.0/50uA/
5/50,500 mA. 12 amp, D.C, 0/
60/K/6 meg/60 meg Q.
£8-87. Post paid.

“JOSTY KIT”
HIGH QUALITY
CONSTRUCTION KITS

AF20 Mono Transistor Ampllﬂer £4-80
AF30  Mono Transistor Pre-Amplifier £2-61
AF310 Mono Amplifier (for 8tereo use

two) £5-91

AT5  Automatic Light Control £2-58
AT30 Photo Cell Switching Unit £5-70
AT00 400 Watt Triac Light Dimmer

Speed Control £4:80
AT55 1,300 Watt Triac Light Dimmer

Speed Control £5-70
ATH6 2,200 Watt Triac Light Dimmer

Speed Control £6:90
AT60 Psychedelic Light Control, Single

Channel £7:80
AT65 Psychedelic Light Control, 3

Channel £14-55

HF61 Medium Wave Transistor Radio £3- 33
HF85 F.M. Transistor Transmitter .
HF75 F.M. Transistor Receiver

HF310 F.M. Tuner Unit £15-81
HF325 De-Luxe F.M. Tuner Unit  £24-12
HF330 Stereo Decoder for use with

HF310 or HF325 _£9-98

HF395 Aerial Amplifier for AM/FM

Bands I, I1 and III £1-77
GP310 Stereo Pre -Amp to use with 2

F310 . 21-27

GU330 Tremolo Unit for guitars, etc. £¢-50
NT10 Power Supply 100 m/a 9V Stab,

12V Unstab £615

Pasltami Packing lap per kit
Ci ¢, easy to follow

mstmehons and covered by full guarantee.

U4312 MULTIMETER
Extremely sturdy instrument for general electrica]
0.p.Y.  0f3{1-5/7-8]
80/60[150/300/600/900 vVDC
/-3/1 '517 5/80/
60[150[?00/600/900 AC.
0/300 ;,LAII 5[6[15/60/150
00MA/1-5/6  AM .C.
0/1 5/6/15/60/150/600MAI
*5/6 AMP, A.C.0/200 Q/3K/
30Kn. Agcuracy DG 1%.
AC 1-5%. Knife edge pointer,

sturdy metal carrying ca:
eads and instructions. £9- 50 Post 2op

HI10KI MODEL 700X
1.00 000 O.P.V. Overload protec-
n. Mirror scale, -3/-6/1-2/1-5/3/6/
12/30/60/120/‘300/600/1200 VDC.
1 5/3/6/12/30/60/100/300/600/1200
/30v /’3/6/30/60/150/'&00
6/12 AMP DC. 2K/200 K/2
Meg/20 megohm. —20 o +636h
£13-50. Post 20p.

MODEL C-7080 EN

Giant 6in. mirror scale.

20,000 o.p.v.

0/°25/1/2-5/10/50/250/1000/

5000°

0/25/10/50/250/1000/
oY,

o/souA/ (/10/100/500mA |

. D.C
0/2K/200K/20 meg. —20 to
db.
?13 *95, Post 36p.

370 WTR MULTIMETER

Features A.C. current ranges.
20,000 o.p.v. i
0f: 5/2 5[10/u0]250/500/1000 vV DC
0/2+5/10/50/250/500/1000 V AC
OIDOMAIIIIOIIOOMAIIIIO Amp

0 IOOMAIIIU) Amp
0/5K/50K/500K[5MEG/50MEG.
— 20 + 62 db,

£15. Post 25p

KAMODEN 72.200
MULTITESTER

MODEL 449A IN CIRCUIT
TRANSISTOR TESTER

Checks true A.C.
beta in/out.
Checks Icbo.
Checks diodes in/

out.

Checks SCR etc.
Beta HI 10-500.
LO2-50.

Icbo 0-! 5000u.A.
220/240V. A.C

operation, £17- 50 Post 25p.

MODEL U431l SUB-STANDARD
MULTI-RANGE VOLT AMMETER

Sensitivity 330 ohms/
Volt A.C, and D.C.

Accuracy 5% D. O
%",o A.C. Scale length

Smm,
0/300/750uA/1:5/3/
7-5/15/30/75/150/300/
750mA/1-5/3/7-5 Amp.
D.C. 0/3/7-5/15/30{75]
150/300/750mA/1+5/3/
75 Amp. A.C.

Amp,
OJ75/150/300/750mV/1-5(3/7-515/30/75/150/ 800

0/750mV/1-5/3/7-5/15/30/75/160/300/650V. A.C.
Automatic cut out. Supplied complete with test
leads, manual and test certificates, £49, Post 50p

TE-§5 VALVE VOLTMETER

High quality instrument
with 28 ranges

D.C. volts 1.5-1,500 v.
AQC, volts 1.5-1,500 v.
Resistance up to 1,000
megohms.

220/240v. A.C. operation
Complete with probe and
fgxastmchons £17:50. Post
Additiona, Probes avail-
a;zle: R.F. 12 HV

KAMODEN HM.7208
F.ET. V.OM.
Input d. 10 meg. ohms.

High sensitivity tester.

200,000 o.p.v. Overload prec-
tection, Mirror scale. Range¢
0/-06/-8/3/30/120/600/1200\ .

D.C.
0/3/12/60/300/11,206V A.C.
O/GuA/I '2mA/120mA/600mx

0 -+ 63d.
()/QK/ 200K/2 meg/ 200 meg
£16'95. Post. 30p.

TMK LAB TESTER
100,000 O.P.V: 8% in. Scale
Buzzer 8hort Circnit Check..
Bensitivity: 100,000 OPV
D.C. ‘5K/{Volt A.C. D.C.
Volts: .5, 2.5, 10, 50, 250,
1,000V, A.C. Volis: 3, 10,
50, 250, 500, 1,000V. D.C.
Current: 10, 100pA, 10,
100, 300mA, 2.5, 10 amp. Resm.u.nce‘ 1K, 10K,
IOOK 10MEQG, IOOMEG.

Declbe]s. —10 to 449 db. Plastic Case with
g,zrylx’ngzhandle. Size 74 x 63 x 3%. £1895.

MOBDEL S-100TR MULTIMETER/
TRANSISTOR TESTER

100,001 o.p.v. MIRROR
%%%LE/OVERLOAD PRO-

0/ 13— 6/3/12/30/120/600

0/6/30[120[600 V. AC.
0/12/60(?11A/12I'%00MA/12

0/10K/1 MEG/100 MEG,

T 1? +t50tdb. 0-01 —-2 mfd,
Tanaistor tester measures Alpha, beta and Ico

Complete with batteries, inst: .

213780 posr b nstructions and leads.

LB4 TRANSISTOR
TESTER
Testa PNP or NPN transistors.
Audio indication. Operates on two

L.5v batteries. Complete with all
instructions etc. £4-50. Post 20p.

LB3 TRANSISTOR
TESTER

Tests ICO and B. PNP/

NPN. Operates from 9v.

battery, Complete with all

instructions etc. £3-95.

Post 20p.

KAMODEN HM.350 TRANSISTOR
TESTER =

High quality instrument to
test Reverse Leak current
and DC current Awmplifica~
tion factor of NPN, PNP,
transistors, diodes, 8CR’s ete.
4in. X 43in. clear scale meter.
Operates from internel bate
teries, Complete with instruc-
tions leads

handle. £12- 50 Post 60p.

anges
0/ 2a/1/2 5/10/50/250/1000V,

0/2 a/10/50/230/1000V AC.
0/2514/2-5/25/250 MA D.C,
—20 to +62dB
0{15K/50K/500K/5 meg/500 meg

ohms,
£14-95. Post 30p.

T.E.40
HIGH SENSITIVITY
A.C. VOLTMETER

10 meg. input 10 ranges:
.01/ oa/ 1 / 3/1/3/101301100/300
L.~1.2

Decihels -—40 to +50 dB.
Supplied brand new complete
with leads and instructions.
Operation 230 v. A.C.
£1'7°50 Carr. 25p.

TMK MODEL 117
ELECTRONIC
YOLTMETER

Battery operated, 11 meg

input. 26 ranges. Large

4§in, mirror scale, Size

5% x 4§ x24in. DC Volts

0-3-1200V. AC Volts 3-

300V RMS. 8:0-800V. P.P.

DC  Current -12-12MA.

Reslstance up to AOOOM &l;m Dembels —20 to

wi

£17 50. r. & P. 20p.

MODEL L-55
FET V.O.M,

Input impedance 10 meg.

ohmas.
0/-3/1~2/6/301120/600V. D.C.
0/3/12/60/120/600
0/120uA/120mA. D.C.
0/1K/100K /10 meg/ll)o meg
ohms. £15-97. Fost 25p.

v

KAMODEN HMG-500
INSULATION RESISTANCE
TESTER

Range 0-1000 Meg-
ohms, 500 Volt.
Battery -operated.
Wide range clear
meter 4fin. X 4in.
Complete with de
Iuxe carrying case,

batteries, instruc-
tions, £19-95.
Post 30p.

BELCO AF-5A SOLID STATE SINE
SQUARE WAYE C.R. OSCILLATOR
Sine 18-200,000 Hz; Square 18-50,000 Hz

Output max. -+ 10 dB
(10 K ohms). Opera-
tion internal batteries.
Attractive 2-tone case
7#n. X Hin. X 2in.
Price £17.50
Carr, 170.

. 0-20

Ci-5 PULSE
OSCILLOSCOPE
For display of pulsed and
periodic waveforms in elece
tronic  circuits. VERT.
AMP. Bandwidth 10MHz.
Sensitivity at 100KHz
VRMS/mm., .1-25; HOR.
AMP. Bandwidth 500KHz.
Sensititivy at 100KHz,

V RMS/mm, .3~25; Preset
triggered sween 1-
3,000usec.; free running 20-200,000Hz in nine
ranges, Calibrator pips. 220 X 360 X 430mm.
115-230V. A.C. operation. £39-00, Carr. paid,

TO-3 PORTABLE OSCILLOSCOPE
3in. TUB

Y amp. Sensitivity, .lv
p-p/CM. Bandwidth 1.5 eps
—1.6 MHZ, Input imp.
2 meg Q. 25 PF. X amp
sensitivity. -9v p-p/CM.
bandwidth- 1.5 cps—=8&00
KHZ. Input imp. 2 meg Q
20 PF. Time base. 5 ranges _
16 ¢ps—300 KHZ. Syn-
chronization. Internaifexs
ternal. INuminated scale,
140 x 215 x 330 mm. Weight 153lbs. 220/240‘7
A.C. ‘Supplied brand new with handbook
£47-60. Carr. 50p.

RUSSIAN CI-1$ DOUBLE BEAM
OSCILLOSCOPE

5 mefs Pags Band. Separate
Y1 and Y2 amplifiers. Rec.
tangular 5in. x d4in.. C.R.T
Calibrated triggered sweep
from -2 pfsec, to 100 milli-sec.
per cm. Free running time
base 50 cfs—1 mec/s. Built-in
time base calibrator and |
amplitude calibrator. Sup-
plied complete with all
accessories and  instruction
manual. $87 Carr. paid.

MODEL ATZOI

ATTE N U ATO R
Frequemy range:

Hz.
Attenuator: 0-111db.,
0-1db. step.
Impedance 600 ohms.
Max. input power
30dbm,

Size 180 X 90 X 55mm. £12-50. Poet 37p.

ARF-300 AF/RF SIGNAL
GENERATOR

All transistorised. com-
pact, fully portable.
AF sine wave 18Hz. to
220KHz.

AF square wave 18Hz.
to 100KHz,

Qutput sine/square 10v.
P-P. RF 100KHz. to
200 MHz, Output 1v.
maximum. Operation
220/240v. A.C.
Complete with instruc-
tions and leads. £29-95.
Post 50p.

TE-20 D RF SIGNAL
GENERATOR

Accurate wide range signal
generator covering 120 Ke/s-
500 Mc/s on 6 bands. Directly
calibrated  Variable R.F.
attenuator, audio. output.
Xtal socket for calibration.
220/240V. A.C. Brand new
with instructions. £15. Carr.
370, Size 140 X 215 X 170
mm,

TE22 SINE SQUARE WAVE
AUDIO GENERATORS

Sine: 20 eps to 200 kc/s. on 4 bands. Square
20 cps to 30 kefs.
Output impedance
5,000 ohms, 200/
250 v. A.C. opera-
tion. Supplied brand
new and guaran-
teed with instrue-
tion manual and
leads, £17-50.
Carr. 37p.

230v/240v SMITHS
SYNCHRONOUS
GEARED MOTORS
Built-in gearbox. All. brand
new and boxed. 30 RPH CW;
2 RPH CW; 20 RPH CW;
2 RPH ACW; 30 RRH CW.,

50p each. Post 12p.

Brand new, 3 sets of changeover
contacts at 5 amp rating. 50p each.
Post 10p (100 lots £40). Quantities
available.

ALL PRICES ARE
EXCLUSIVE OF 10% V.A.T.
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“YAMABISHI” VARIABLE
VOLTAGE TRANSFORMERS

Excellent quality at low cost. All models—Input
230v. 50/60 ¢/s. Variable output 0-260v.

MODEL S-260

&= CLEAR PLASTIC PANEL METERS

USED EXTENSIVELY BY INDUSTRY, GOVT. DEPTS., EDUCATIONAL AUTHORITIES, etc.

GENERAL N L .
PURPOSE Over 200 ranges in stock—other ranges to order. Quantity discounts available. Send for fully illustrated brochure,
BENCH <
MOUNTING
. 1 Amp .. %.78,00 TYPE SW.IOO 100 x 80mm o5 TYPE MR.85P 4in. x 42in, fronts, TYPE MR. 38P 1 21/32in, square fronts.
5 Amp .. 3 3 - Y '
5 Amp .. 75 -90 iy ey
b hmp 1 RS 20 e
10 Amp .. £22:50 360 .
12 Amp .. £23-6 -C. 360 Ry,
20 Amp .. £49-0f .C. -60 ‘ 4
25 Amp .. £58-00 .D.C. -60 g
40 Amp .. £82'5 . D, . 8 ;
MODEL 50UA ... 15 | 300v. A.C. .. £390
§-260B 50505044 £3 85 | VU Meter.... $4-30 3
Panel Mounting, 4
25 hns 1 5308 100pA £ v 5
- p .. i 82-5 x 110, J .
Carriageand - | TYPE SDA0 SRG S HIMECN, | wmitid 5o | S i S50
A 10 | 200ua ...... 8 Met .
‘Packing Extra -10 00“ ------ 3-90 1ampe:r0 . gggg
AUTO TRANSFORMERS 10 | dapoous-. g390 | sampACT. £390
10 | 1mA........ 3 amp. A.C.* £3-90
-10 l—O-hnA, £3.90 20 amp. A.C.* £3.9
0/115/230V. Step up or step down. Fully shrouded. 10 5mA . D. g
80W 210 P &P.18p 10 omA e 390 | 30 amp. A.C* £3-90
;gg:‘; :g';g 1P> z;- ;gp 10 TYPE MR,52P 2¢in. square fronts.
20w  #585 TP % o | soua ... £3:50 | 10v. DC..... £2:50 £2-
1000 W  £750 P.&P.38p 10 | S0-0-30uA .. £305 | 20V.DC..... £2:50 %szttetr jma 753
. . .. eter ... !
1500 W  £1020 P. & P. 43p L00uA ... £3:00 | 50V. DC. ... £2:50 §
2250 W £17:25 P. & P, 50p 106-0-100u  £2-85 | 300v. D.C. .. £2:50
5000 W £35-00 P. & P &L 50014 £2:65 | 15V.4C..... £2:60
ImA . ... £2:50 | 300vV. AC. .. £2-60
SmA ........ £250 | SMeterlmA . £2-60
HEAAAuT, R o S
STABILISER S0mA ... £2-50 | 1 amp. A.C.* £2-50
Input 88-125 VAC or 176- pooma £2:80 | 5 amp. ACH £2:50
Ioput, 88125 VAC or 176 500mA £2:50 | 10 amp. A.C.* £2:50 g”g}etg: Cm;A' o
or 240VAC. 200VA rating. 1 amp. . £2'50 | 20 amp. A.C* £2-50 VU Meter ... £2-70
£11.97. Carr. 50p. Samp. ...... £2-50 30 amp. A.C.* £2-50 1amp. A.C.*.. £2-40
5 amp. A.g-“ £238
10 amp. A.C.* £8.
TYPE MR.85P 3#in. x 33in. fronts 20 amp. A.C.* £2-40
PS.200 REGULATED P.S.U. sou 70 | 107, B 50 omp. 4.0 #2480
902“(1 state, Variable output §0~0‘ 0
5-20 volt, D.C. up t0 2 amp. ;
Tndependent  meters {0 ;ggﬁmmm “SEW” BAKELITE PANEL METERS
it tay -
:‘;‘;‘2‘ °5u2’§ie sgzgfé‘:oc‘g. 500uA TYPE MR. 65 8}in. square fronts,
C. Size 74 x 53" x 33" 500~0-
£19 95, Post pr 1mA
5mA ...
10mA .
50mA
P5.1000B REGULATED P.S.U. io0ma
Solid state. Output 6- 1 amp
9or12 V. D.C. up to 5 amp.
3 amps. Meter to 10 amp.
monitor current. Ine 15 amp.
gut 220/240* V., Af “SEW"” EDGWISE METERS 20 amp.
lize 47 X . 30
£11-9%. Post 25p. TYPE P.E.70 50 Zﬁ%

“SEW” EDUCATIONAL METERS
TYPE ED.107

240° WIDE ANGLE
ImA METERS
MW16 60mm. square £397
MWI1'8 80mm. square £4-97

Post extra., Size overall 100mm x

90mm x 108mm.

POWER RHEOSTATS

High quality ceramic construc-
tion. Windings embedded in
vitreous enamel. Heavy duty
brush wiper. Continuous rating.
‘Wide range available ex-stock.

A new range of high
quality moving  coil
instruments ideal for
school experiments and
other bench applica-

8 17/32in. x 115/32n. x 2% in, deep.
£3 75 500uA

TYPE S.80 80mm Square Froats
100-0-100pA  £3-30

- £3-20 tions. 3in. mirror scals

Single hole fixing, %in. dia. . 33 zo The meter thovemens 1 £3-05

shafts, Bulk quantities available. 300V Al . < - 7 .
2 WATE. 10/35/60/100/250/500/100071500/2500 10050 103k £3 80 | VO'ieter ) 5358 | cosily coossibic to demonsirate internal orking. . 233.88

or 5000 ohms. 95p. P. & P, 10p. ~~  f <00uA ...... Avallable in the following mnges —
50 wmfr 10125/50/100/250/500/1000/2500 or £6:90 10V D.C. £3-00
5000 %k;ms £1-85. P. 10 v G §g¥ 38 £3-00
100 WATT, 1/’:/10,'25/50[100/250/500/1000 or o, . £3-00
2500 ohms. £1-95. P. sk MOVING IRON %00‘]’ D.C. . £3-00
ALL OTHERS MOVING COIL 500 /5AT . £3-00
OmABAD.C. £

HOMER INTERCOMS VBV Do 909 VU Meter ... £870

Please add postage

Ideal for
horme, office,
stores, fac- -’
ippricd , TRIO 9R59DS UNR 30 RECEIVER LAFAYETTE HA-600
com lete Send SAE for list of RECEIVER RECEIVER
teges, ca.bie2 ag;d free insbructmm o Semi Conductors — y
2 Stati . P, .
o b a1 and Valves
4 Station £6-82. P. & P. 17p.

SKYWOOD €X203
RECEIVER

4 Bands covering 550 kcfs-30 mc/s.
B.F.O. Built~in Speaker 220/240 v. A.C.

Industrial quality in robust metal cases.
Battery operation. Volume and squelch
controls, Call button and press to talk
button. Telescopic aerial. Complete with
caITying cases.

o £52-50
£79-50

Pair.
Post 50p.

Pair.

2 wath. Post 50p.

3 channel
Note: Licence required in U.K,

Solid

state.
420 KHz and -55 to 30 MHz, Illumin-
ated slide rule d1a1 Bandspread. Aerial

5 bands covering 200-

tuning. BFO, AVC, ANL, "8’ meter.
AM/CW/[SS B, Integmted speaker and
phone socket. 220/240 v. A.C. or 12 v,
D.C. Bize 325 x 266 x 150 mm,
Complete with instructions and circuit,

orice  £32-50

PRICE

Cair.
50p

4 bands covering 5§50 ke/s to 80 mc/s
prs and electrical band d

on.10, 15, 20, 40 and 80 metres. 8 valve
plus 7 diode circuit. 4/8 ohm output
and phone jack., S8B-CW. ANL.
Variable BFO. S meter. Sep. band-
spread dial. IF frequency 445 ke/s.
audio output 1.5w. Variable RF and

gain controls 115/250 v. A.C.
Size: 7in. X 13in. X 10in. with instruc-

t&oﬁxl!]nanua

Cair.
PRICE £49 5“ P:ir;.
FULL TRIO RANGE STOCKED.

ALL PRICES
ARE EXCLUSIVE
OF 10% VAT

Brand new with instructions,

omee  £15°75

PRICE
UR-1A RECEIVER

Carr.
37p

4 Bands covering 550 kc/s-30 mc/s.
FET, 8 Meter. Variable BFO for SSB.
Built-in Speaker, Bandspread, Sensi-
tivity Control. 220/240 v. A.C. or
12 v. D.C. 12%in. X 43in. X T7in.
Brand new with instructions. -

smee £25°00

PRICE

Carr.
37

General coverage 150-400 ke/s, 550 ke/s-
30 me/s. FET front end, 2 mech. filters,
product detector, variable B.,F.O.,
noise limiter, § Meter Bandspread.
RF Gain. 15in. x 9%in. x 8}in, 18 Ib.
920/240 v. A.C. or 12 v. D.C. Brand
new with instractions.

omee  £90-00

PRICE

Carr.
50p

FOLLOWING PAGES




as4

EM! LOUDSPEAKERS

Model 350, 13in. X 8in.
with single tweeter/cross-
over.  20-20,000 Haz,
15 watt RMS. Available
8 or 15 ohms. £7:25
each. P. & P. 37p.

Model 450. 13in. X 8in.
with  twin  tweeters/
crossover, $5-13,000 Hz.

SH628 STEREO
HEADPHONES

Outstanding
value, Soft ear-
pads, adjustable
headband, 8-16
ohms. 20-
20,000 Hz. Com-
plete with lead

g w’atbslgmsgnAvaiég.bég R Sy and sterelc; p&lug
or ohms. ‘
each, P, & P, 25p. PRICE £1 87 ' 3lJp
SPECIAL OFFER! TE1018 DE-LUXE MONO
SPEAKERS {( headset with  soft
Matched pair of 3 3 earpads. Impedance
poohet g | QR o Recaonny
teak _ veneered ey ~ response  200-1000
ﬂxnisél_. Siz)tz 1’?}@!1. OUR Hz. P& P
in. din. ., ,
s is’ vars | PRICE £1-97 30p
SinpiNies | ~ LIGER LHO2S STEREO
OUR . Carr. HEADPHONES
PRICE £1Z 9 50p \| Lightweight head-

HA-10 STEREO
HEADPHONE AMPLIFIER

Al silicon

plifier operates
from magnetic,
ceramic or
tuner  inputs
with twin
stereo headphone outputs and separate
volume controls for each channel.
Operates from 9 v. battery. Inputs
5MU/100MU. Output 50MW.

OUR . P.&P.
PRICE £5-97 20p
MP7 MIXER
PREAMPLIFIER

5  microphone
= inputs each with
wdividual gain
controls enabl-
ing  complete
mixing facilities. Battery operated.
93" x 5” x 3”. Inputs Mics: 3 x 3mV
50K; 2 x 3mV 600 ohm. Phono mag.
4 mV 50K. Phono ceramic 100mV 1 meg.
Output 250mV 100K.

P.&P.

oree £897 "5

PRICE
1021 STEREO
LISTENING STATION

For balancing
and gain selec-
" tion of loud-
gpeakers with
additional faci-
lity for stereo
headphone
switching. 2
gain controls, speaker on-off slide
switch, stereo headphone sockets.
6in. X 4in. X 2Hn.
P.&P.

Oik ~ £2:25 5P

PRICE
FM TUNER CHASSIS

6 TRANSISTOR HIGH QUALITY
TUNER. SIZE ONLY 6in, X 4in. X
24in, 3 ILF. stages. Double tuned
diseriminator. Ample output to feed
most amplifiers. Operates on 8 volt
battery. Coverage 88-108 Mc/s. Ready
built ready for use. Fantastic value for

OUR P. &P
oriee £5°95 © 20p

Stereo Multiplex Adaptor £4-97.

ALL PRICES ARE
EXCLUSIVE
OF 10% V.A.T.

I ALSO SEE 5

PREVIOUS PAGES

phones with padded
earpieces. 4-16 chms.
20-20,00¢ Hz, Com-
plete with 6ft cord

and plug,
OUR

erice  £1°95

SDH8V MONO/STEREO
HEADPHONES

Two way stereo/
mono with vol-
ume  controls.
Padded head-
band. 4-16 ohms.
20-18,000 Hz.
Complete  with
lead and stereo
plug.

£4-97

P. & P.
30p

OUR
PRICE
BHOO1 HEADSET AND
BOOM MICROPHONE

P.&P.
30p

Moving coil.

Headphone imp.
16 ohms. Mike
imp. 200 ohms.
Tdeal for lan-
guage teaching,

GWS GW.SMITHECO(raow)ITD
AUDIGTRON

Audiotronic Products are manufactured exclusively
for the Audiotronic Group of Companies and as a
member of the group we are pleased to offer you this
fabulous range of high quality equipment. Made to
our own specifications each item provides outstanding
performance and reliability at a value for money price!

ACR.14 BATTERY/
MAINS CASSETTE
RECORDER

Portable twin track mono recorder with
automatic recording level control.
Built-in speaker. Earpiece socket. Tnput
for radio or record player. Fast forward
and rewind. Qutput 500mW. AC 220/
24.0vA or 6v. DC operation. Complete
with remote control microphone, maing
lead, earpiece and batteries,

5

/
0 e
paee £10°50 5.6 ¢ 500

AHP-8D 8 TRACK
STEREO TAPE DECK

Can be used with most hi-fi amplifiers.
Push button track, selector and illus-
trated - track indicators. Attractive
cabinet with black and silver trim.
Output level 750mV. AC 220/240v.

OUR

PRICE £11.95 P. &P. 50p
L0W HOISE TAPE

com tions
ete, Complete
with leads and

plugs.
OUR . P.&P.
PRICE £4 95 30p
DH.08S Stereo Headphones
e De luxe model

with unique 2
way mechanical
units and vol-
ume controls. 8
ohms. 20-
20,000 Hz, Com-~
plete with coil
lead and stereo
jack plug.
P.&P.

£7-97 "5

PRIGE

Soft leather
ear cushions.
Impedance 8-
16 ohms. 20-
15ft. coiled lead. Brand

20,000 Hz,

New and boxed. (List £9.95). P.& P
OUR . &P,
e £OTD T

A-CHANNEL STEREQ
HEADPHONES

TTC G3600
—Soft vinyl
covered head
cushion and
earphones.
Bach ear
piece incor- §
porates two

2"  speaker
units. Fitted
2/4 channel
changeover
switch, Tm: 4-16 ohm. Frequency
response’ 20-20,000 Hz. Complete with
15¢t. coiled lead fitted two stereo plugs.

QUR £9,95 P. &P.

PRICE 30p

CASSETTES

5 10 5
60 £1-29 £253 £5-99
€90 £1-85 £3-62 £8-59
C120 £2-29° £4-48 £10-63
P. &P. Post Post;
5p Free Free

15
Tape Head Cleaner 30p each.

FM 88-175MHz.
transistor. Battery or
mains operation.
Built inaerial and 8
section  telescopic
aerial, Complete with
batteries, shoulder
strap and earpiece.

n“l.v £1'5n P &P 35p

QUADRAPHONIC
DECODER

sa

Fully

containing all
input, output and control facilities to
reproduce 4 channel sound from SQ
records and 4 channel discrete, sources.
Also provides conventional stereo

jon. 9-ch 1 and 4-ch 1

transistorised

rep
tape recording and playback and

t of conventional 2-ch 1
material. AC 220-240v. Frequency
response + 1dBm. 5Hz to 100XHz.
Size: 180mm x 55mm X 220ram deep.

OUR "~ £99.p() P &P

PRICE 25p

AHP-8A 8 TRACK
STEREO TAPE PLAYER

Incorporates built-in amplifiers giving
4%+ 4} watts rms output. Push button
track selector, illuminated track indi-
cstors, slider controls for volume,
balance and tone. Attractive cakinet
with* black and silver trim. Output
impedance 8 ohms, AC 220/240v.

T
3,‘;’,',‘;5 £17°25 ¢ & r 500

AUDIOTRONIC
DOLBY ‘B’ NOISE
REDUCTION UNITS

Reduce tape hiss by 3dB at 600Hz.
6dB at 1200Hz and 10dB for all fre-
quencies above 3000Hz. Size 16§” X 8"
X 81", AC 200/250v.

PROCESS TWO

For use with cassette and tape recorders.
Freq, res, 30Hz—20KHz4-2dB. Off tape
moniforing. Switchable multiplex filter.
Two Dolbhy calibration meters. S/N
better than 70dB. Supplied with test
cassette or tape as required.

P. &P.

oiR 3450 *¢r

PRICE
PROCESS FOUR

For use with semi professional tape
recorders. Freq. res, 30Hz—20KHz+4
2dB. $/N better than 70dB. Full source
tape monitoring. Record/Replay meter-
Ing, Siwi ble multiplex filter. i
with test tape.

pmic: £50-00

P. & P.
50p
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SPORTSMAN  AM/FM
PORTABLE RADIO
MODEL AR.1000

5 wavebands covering
AM 535-1065K Hz, FM
88-107MHz. AIR 108-
135MHz. PB 147-
174MHz. WB 162.5MHz.
Large horizontal slide
dial with logging scale.
Slider  volume  and
squelch controls. 7 sec-
tion telescopic aerial for
FM and built-in ferrite bar for AM.
AFC. 3in. speaker. Farpiece socket.
Green leatherette covered cabinet with
metal side panels. Size 152 X 79 X
219mm. Battery/mains operation.

OUR £11.50 P.&P.

PRICE 35p

plinth and cover, G800 cartridge, pair
of Wharfdale Linton 2 speakers and all
leads.

OUR £1-50
rhice £86°95 ¢ 5 1.
Matching LT1700 AM/FM  Stereo
Tuner £37-50.

N =

ACP-8 8 TRACK
CAR PLAYER

12v neg. earth. Slider controls for

Volume, Tone and Balance,
Channel selector button with red
pilot lamp. Complete with spea«
kers, mounting brackets' and
_instructions,

P&P

ONLY £12:50 &2

-ACR 3500
CAR RADIO

STEREOQ
HEADPHONES

LSH.20 Individual
volume  controls.
Stereo mono switch.,
8 ohms, 40-
19,000 Hz.

£3:50. P & P 30p.

LSH.40 Two way
speaker systerr.
nldividual volume
controls, 8 ohms.
20-20,000 Hz.

£6-95. P & P 30p.

LSH.60 3in speaker
units. 8 ohms. 20-
20,000 Hz, Com-
plete with zipped
carrying case.

£8'50. P & P 30p.

LQH.400 4-channel
dynamie head-
phones. Each eare
piece has 4 drive
units. Two stereo
jack plugs fitted to
leads. 4-32 ohms.
20-20,000 Hz-

£9-95. P & P 30p.

LSH.50 Professional
Quality Electro-
static. Complete
with self powered
energiser and con-~
trol unit with head-
phone/speaker sel-
ector. 4-32 ohms.
20-24,000 Hz.

£15-95. P & P 30p.

M | tuning of Medium
and Long waves. 12v pos. or
neg..earth. Co_rnpllete \INith

and instructions.
OUR £6,5 P&P

PRICE 50 p

Push button tuning of one
LW and five MW stations of
your choice. 12v pos. or neg.
earth. Complete with spea-
ker, mounting brackets and
instructions.

OUR . P&P

£8-95 P2

PRICE

5section, Fully au-
tomatic. 12v DC.
Extends to approx.
40", Complete with
switch, all leads
and instructions,

OUR PRICE

£5.95

P &P50p
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AKAI BARGAINS!

ARG300 lﬂ}m STEREQ
TUNER AMPLIFIER

20+20 watts rms. Magnetic, ceramic
and tape inputs. ¥M 88-108 MHz. AM
535-1605 kHz. Dual stereoc speaker

outputs. Headphone socket. (Reec.
List Price £117.46).

R pEL.QR PEP
PRICE 75
CASSETTE (P. & P. 50]1)

C835D Deck .. .. 24445
835 Recorder. . . .. £57-30
©835/C888 Speakers . £67-95
GXC40D Deck. - . £57-20
GXC40 Recorder .. £67-20
GXC40T Deck/Receiver £99-
GXC45 Deck .. £78-25
GXC46D Dolby Deck £83-55
GXC46 Recorder - .. £86-95
GXC60D Deck. . .. 48765
GXC65D Dolby Deck . 292-85
CARTRIDGE (P. & P. 50p)

CR81 Deck with amps. .. £685-40
CR81D Deck .. £53-60
CRS81T Recor\ier]Recelver .. 29275
CR808S 4 channel Recorder .. £114-25

CR80DSS 4 channel Recorder £93-65

4000D8 Deck £59-95
4000DS Dust, Cover £3-95
1721L Recorder £60-
X5000 Recorder £82-50
X201D Deck £108-20
GX220D Deck £123-95
GX221D . . £138-4(
GX280D Deck . .. £198-50
GX370 Deck .. . .. #211-50
TAPE/CASSETTE (P. & P, 75p)
GX1900D Deck . 8144-50

TAPE/CABTRIDGE (P. & P. 75p)
X1810D D« £138-40
TAPE/(!ABSE'I'.I‘E/CARTRIDGE

P.7

(P & 5p)
X20008D Recorder . 2180-75
27-50

MICROPHONES (P. & P. 50p)

ADM,11 Dynamic (pair)

STEREO RECEIVERS (P &P 75p)
AA6300 20420 watt . £61-95
AA8030 2525 watt
AAB8080 40440 watt .
AA81008 2x 36 or 4x18 watt 5175 00
AA8500 65 +65 watt . .. £150-50
STEREO AMPLmERS (®. & P. 50p)
AAB200 20420 watt .
AA5500 3030 watt . .
AA5800 45445 watt . .. 2117-50
STEREO TUNERS (P &P 50p)

AT550 AM/FM 260-50
AT580 AM/FM . .- 29450
4-CHANKEL UNIT (P. & P. 50p)

881 Synthesiser .. #3995
SPEAKERS (P. & P. 50p)

CS88 (Pair) .. .. %1020

8W155 (each) . £61-00
STEREO BEADPKONES (l’ o P.sio%

/
STEREO CASSETTE DECK

High quality 4 track record/playback
deck. Accepts chrome/regular tape
cassettes. Two VU meters and slider
controls for recording level. Photo/Din
output/input sockets. Headphone socket
for monitoring.

P.&P.

wn  FA4-45 "

PRICE

Record/Playback facilities plus’ slige
rule tuning of AM 535-1620 KHz and
FM 88-108 MHz, Slider volume controls.
Built in condenser microphone plus
separate hand/desk microphone. Tele-
scopic aerial. Complete with earpiece,

batteries and instructions. (Tape not
supplied.) (Rec. List price £55-56).

OUR £22.7 P.&P.

PRICE 50p

¢ BD2/SAU2/Plinth/Cover

REGORD DEGKS

MP6O
MP60/GE00 .
MP6/TPDI |
MP80/TPD2 .
HT70/G800 .
HT70/TPD1 . |

CONNOISSEUR
BD1 Kit ..
BD1 Chassis .
BD1/SAU2/P]
BD2/SAU2/Chassis
.£28- 50
GARRARD

1025 T Stereo ..,..
2025 T/C Stereo .

cevee 24-95
..£6-40

SP25/M75-
76

SL65B .
SL72B .
SL95B .
401.......

ZERO 100A .
ZERO 1008 ... . iviininnnnn

GOLDRING

GL78P/C |
GLESP/C ...
THOBENS
TDI2S/IL ..........
TD125AB/H
TmsoA'/'I'I":
TD160C.....-..

PLINTHS AND COVERS
Carriage and Packing 50p
Budget 8P25 ete. .
Budget 401/Arm
Budget AP76/Zero
Budget B.8. R
G rd WB.

STEBEO
10251

1025T. 4 gpeed autochanger unit fithed
‘with stereo ceramic cartridge.,

ou .
PRI?:E £4-45 ©¢ g},sp

SP25III

WITHACO
GP104

8P25 MKTI. 4 speed signle record player
fitted with Acos GP104 stereo ceramic
cartridge,

gllljl?:E £8-5

SPECIAL OFFER OF
NEAT EQUIPMENT

(Buy now while stocks last)
Neat G30B Arm

Carr & Ins.
50p

.. _£8-40
P, & P. 26p

Neat V70 Cartridge: .. .. 8218
(Original pack)

Neat V70 Cartridge .. .. 21-50
(Bulk Pack)

Neat V70E Cartridge . . 38 35

Neat V60 MH Ca.rtndge .. 2315

P. & P. 12p extra

CORD DECK PACKAGES

Carriage and Packing 75p
Complete units with Stereo cartridge
ready wired in plinth cover.

GARRARD
2025 TC/9TAHCD £10-65
SP25 111/G800. £15-00
8P25 111/M44E 16-45
SP25 111/M44-7 £16-10
SP25 111/M55E . £16-90
8P25 111 Module/M’ £18-99
APT76/G800 .. £23-50
AP76/G800E £25-95
'AP76/M44E .. £24-95
AP76/M55E £25-
APT6/MT5ED £31-70
AP76/M75ES 2785
AP76 Module M . £26-95
AP96 Module M75-6 .. £30-40
ZERO 1008 Module/MI3E. £41

B.S.R, McDONALD
0/SCT™M

MP60/G800 .
MPGO/TPDI/GSOO .

GL72,‘G800 .o
GL75/G800 ..
GL75/G800E.......... .
GOODMANS

TD100/G800 Teak
TD100/G800 White

LEAE
DeRa/M756 0o vrrerernannnns

PHILIPS

GA105/GP200 ....... .
GA160/GP200 Teak.
GA308/GP400 .......
GA308 (less cartndge)
GAQlQ/GP 400 .
PIONE:

PL12D (Less cartridge) .
PL15C (Less cartridge)
PL41D (Less cartridge)
PL50 (Less cartridge)
PL61 .

PLAS5 ..
THORENS

£31-75
£44-25
104-75
£08°90
110-30
£61-65

TD160C/Ortofon M15E Super ..£62-50

TD125 AB/11/Ortofon MI15E .
BUper....o.iieeiiiiiiinonns £98-95

WHARFEDALE

Linton/M44-7 ....0000i0ieanas £23-70

SAUVE UP T0 33':% OR MORE! GIUS

. a8s

NIKKO TRMSO
STEREO AMPLIFIER

17+17 watts rms. Inputs for magnetic
and crystal phono, tuner, tape ete.
Dual stereo speaker outputs. Head-
phone socket. Full range of controls.
(Rec. List Price £59-50.)

ggll::e £39'9

P.&P.
50p

TRIO
KA 20004 SYSTEM

16+16 watt amplifier, BSR MP60,
“plinth and cover, G800 cartridge, pair
of Denton 2 speakers and all leads.

OUR £68.90 Carr.

|| ROTEL BAHGAINS'
——

RAS310 1515 watt

RA610 3232 watt ..
RAI1210 60+ 60 watt .

P. & P. 50p, ext

AM/FM STEREO RECEIVERS

RX200 10410 watt .. £48-50
RX400 20--20 watt ..

P. & P. 75p.

NCLAIR PROJECT B
PACKAG

2xZ30 Steleo GO/P/ZE £15-95.
P &
22X ZSO/SterCOPGO/PZG £18-00.
&
2 XZ50/Stel‘eD SO/PZB £20-25.
&P

D.
Transformer for PZ8 £3-65
Active Filter Unit £4-45
Pair of Q16 Speakers £10-70 P. & P. 50p.
Project %0 FM Tuner £14-95

50p,
Sinclair Pm]ect 605 £20-97.
P. & P. 37p.
All other ‘chlan‘ Products in stock,

PRICE £1-25
TELETON

SAQ2068 SYSTEM

8-+ 8 watt amplifier, BSR MP60, plinth
and cover, G800 cartridge, pair of
Apollo speakers and all leads.

. £50-95 %

PRICE:

\.V )

Ali prices are subjectto

107 VAT =

Order with confidence by

post - but remember to add
100 VAT (10p in the f) to
total value of yoods
including carriage packing
and send cash with order.
PLEASE PRINT NAME &
ADDRESS CLEARLY.

BSR 8 TRACK
BARGAINS!

TD8S STEREO TAPE CARTRIDGE
DECK

Connects to most stereo amplifiers
(output 125 mV). Automatic/Manual
programme selector.

e £12°75 "5,
TD8IV £15:25 (P. & P. 50p)

£22:95. P. & P. 50p.
3000 Ampllﬁer £28-95, P. & P, 50p.
2000/3000 Tuner $26:30. P, & P, 50p.
Q930 Speaker £14:99, P, & P, 50p,

SPECIAL PURCHASEY}

FERGUSON EXPORT
MODELS

3480 Stereo

. Tuner Amplifier
Covers FM 88-108 MHz. Five puch but-
ton tuning scales. 8-+8 watts rms. In-
puts for stereo ceramic cartridge and
tape, ete. Separate bass, treble, balance
and volume controls.

price  £31°50

PRICE

Carr.
50p

'3416 Stereo Tape Deck

4 track. 7%, 8%, 1% i.p.s. Stereo/mono
record/play. 77 reels. Inputs for dynamic
mikes, radio, gram. Complete with cover,

OUR £41.95 Carr.

PRICE 15p

SEND LARGE S.

A.E. FOR FULL HI-FI1 DISCOUNT LIST

GW.SMITH&CO(®A0)LTD

ALL MAIL ORDERS T

11-12, PADDINGTON GREEN, LONDON W2 1LG. Tel: 01-262 6562
PERSONAL CALLERS WELCOME AT ANY OF OUR RETAIL BRANCHES

CENTRAL LONDON

257/8, Tottenham Court Rd, W.1.

10, Tottenham Gourt Rd, W.1.
27, Tottenham CourtRd, W.1.
87. Tottenham Court Rd, W.1.
21, Old Compton Street, W.1.
3. tisle Street, W.C.2. .
34, Lisle Street, W.C.2.

118, Edgware Road, W.2.

193, Edgware Road. W.2.

ALL BRANCHES OPEN9a.m.-6p.m. MONDA TO SATURDAY

CREDIT TERMS FOR'
CALLERS ( £50 and over)

311, Edgware Road, W.2.
382, Edgware Road, W.2.
152/3, Fleet Street, E.C.4.
378. Harrow Road, W.9.

Tel:01-5800670
Tel:01-637 2232
Tet: 01-636 3715
Tel: 01-5803739
Tel:01-4379369 *
Tel:01-437 8204
Tet:01-4379155
Tel: 01-7239789
Tel:01-7236211

ESSEX
SURREY

"ALL EQUIPMENT IS
BRAND NEW, FULLY
GUARANTEED AND
OFFERED WITH FULL
AFTER SALES SERVICE

86, South Street, Romford. .

1046, Whitgift Centre. Croydon
27 & 21, Eden Street. Kingston,
32, Hill Street, Richmond.

Te!:01-2620387
Tel: 01-7234194
Tel:01-353 2833
Tel:01-286 9530

Tel Romford 20218
Tel: 01-681 3027

Tel: 01-546 7845
Tel:01-9481441

All items and prices

are correct at
6-6-73

but subject to

change without

notice. E. & 0. E.

PART OF THE
AUDIOTRONIC
GROUP OF
COMPANIES
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SEMICONDUCTORS & COMPONENTS

WE SUPPLY NEARLY ALL THE COMPONENTS FOR PROJECTS ADVERTISED IN THIS MAGAZINE

GUARANTEED

012
0-19
0-24
0-27
010
010
0-15
0-21
125
112
0-97
010
010
014
0-10
0-09
010
070
0-09
012
0-90
0-95
1-08
115
123
1-30
2:35
333
419
5-95
4-84
2:25
315
367
337
1-76
2:20
2-06
2:20
0-10
0-37
0-47
0-62
075
023
016
0-16
0-16
0-16
016
016
0-16
0-16
0-16
016
0-16
70
0-25
0-26
1-22
191
0-20
0-21
0-32
0-20
017
0-21
0-20
063
0-42
016
0-09
011
011
o1
0-25
032
0-80
0-87
0-95
0-20
017
050
0-53
060
050
9-55
0-60
090
1-00
1-80
223
2:25
2-70
012
0-22
0-26
0-32
092
0-86
124
1-01
110
1-46

043

035
9-33

2N5459
3N128
3N138
3N140
3N141
3N142
3N143
3N152
3N153
3N154
3N159
3N187
3N199
3N200
3N201
40050
40251
40309
40310
40313
40316
40318
40322
40360
40361
40362
40363
40389
40394
40395
40406
40407
40408
40409
40410
40411
40414
40438
40467
40468A
40600
40601
40602
40603
40604
40636
40673
AC107
AC113
AC115
AC117
AC121
AC126
AC127
AC128
AC141K
AC142K
ACI51V
AcC152v
AC153
AC153K
AC154
AC176
AC176K
AC187K
AC188K
ACY17
ACY18
ACY19
ACY20
ACY21
ACY22
ACY28
ACY30
ACY39
ACY40
ACY41
ACY44
AD136V
AD140
AD142
AD143
AD149V
AD150
AD161
AD162
AD161
AD162
ADZ11
ADZ12
AF106
AF109R
AF114
AF115
AF116
AF117
AF118
AF121
AF124
AF125
AF126
AF127
AF139
AF170
AF172
AF178
AF179
AF180
AF186
AF200

033
073
165
092
0-81
058
075
0-92
08t
084
117
130
1-30
2:49
105
078
081
033
0:50
0-92
050
092
092
046
0-48
050
038
046
056
050
044
0-33
050
052
053
225
355
1-44
069
044
069
0-67
046
058
056
110
¢70
035
016
016
020
013
025
025
0-25
0-30
025
014
017
0-22
0-25
0-20
018
220
0-20
0-26
025
015
0-20
020
018
013
018
042
055
047
017
031
096
050
0-54
045
086
063
0-49
051
Pr.

115
150
175
0-27
040
025
024
025
020
050
0-22
0-24
020
019
020
038
025
025
055
065
0'50
040
0-35

AF211
AF239
AF240
AF279
AF280
AFY42
AL102
AL103
ASY26
ASY27
ASY28
ASY29
ASY50
ASY55
ASZ2t
AU103
BC107
BC108
BC109
BC113
BC114
BC115
BC116
BC116A
BC117
BC118
BC119
BC121
BC123
BC125
BC126
BC132
BC134
BC135
BC136
BC137
BC138
BC140
BC141
BC142
BC143
BC144
BC145
BC147
BC148
BC149
BC153
BC154
BC157
BC1568
BC159
BC160
BC167B
BC168B
BC168C
BC169B
BC169C
BC170
BC171
BC172
BC182
BCi82L
BC183
BC183L
BC184
BC184L
BC186
BC187
BC204
BC205
BC206
BC207
BC208
BC209
BC211
BC212K
BC212L
BC214L
BC236
BC237
BC238
BC239
BC251
BC252
BC253
BC257
BC258
BC259
BC261
BC262
BC263
BC300
BC301
BC302
BC303
BC304
BC307
BC307A
BC307VI
BC308
BC308A
BC3088
BC309
BC309A
BC309B
BC313
BC327
BC328
BC337
BC338

0'55
041
0-72
0-54
0-54
074
075
070
0-30
0-36
0-28
0-30
020
0-35
0-55
125
0-14
013
0-14
013
012
015
0-15
0-18
oA

011
6-27
023
0-29
015
0-20
0-50
011

o1

0-15
015
020
0-34
0-39
024
0-21

024
o-2t

0-11

0-10
013
018
018
0-14
0-13
0-14
0-37
011

013
013
013
0-13
0-11

13
011

¢-10
0-12
0-08
0-09
o011

on

0-25
0-25
o-11

010
01t

0-10
0-09
010
0-30
o010
016
023
0-16
0-08
009
0-09
0-20
018
0-23
0-09
0-08
013
0-20
0-18
0-23
0-42
0-34
027
0-54
0-43
0-10
0-10
010
0-09
0-09
009
010
0-10
0-10
0-30
024
0-22
0-18
0-19

BCY30
BCY31
BCY32
BCY33
BCY34
BCY38
BCY39
BCY40
BCY42
BCY43
BCY58
BCY59
BCY66
BCY§7
BCYT70
BCY71
BCY72
BCY87
BCYs8
BCY89
BCZ10
BCZ11
BD115
BD116
BD121
BD123
BD124
BD130
BD131
BD132
BD135
BD136
BD137
BD138
BD139
BD140
BDY10
BDY11
BDY17
BDY18
BDY19
BDY20
BDY38
BDY&0
BDYé61
BDY62
BF115
BF117
BF119
BF121
BF123
BF125
BF127
BF152
BF153
BF154
BF158
BF159
BF160
BF161
BF163
BF166
BF167
BF173
BF177
BF178
BF179
BF180
BF181
BF182
BF133
BF184
BF185
BF194
BF195
BF196
BF197
BF198
BF199
BF200
BF2244
BF2254
BF237
BF238
BF244
BF245
BF246
BF247
BF254
BF255
BF257
BF258
BF259
BF261
BF264
BF270
BF271
BF272
BF213
BF274
BF457
BF458
BF459
BFS21
BFS21A
BFS28
BFS61
BFS98
BFW10
BFW11

035
040
0-60
0-34
0-35
0-40
105
050
015
015
0-21
022
0-66
094
017
0-22
013
347
240
0-80
035
050
075
075
015
082
067
057
0-40
0-50
043
048
055
063
on

0-83
1-25
150
150
175
1-97
092
065
0-90
0-85
075
023
043
0-58
0-25
027
025
027
020
029
016
015
0-27
023
035
0:20
035
0-18
0-18
0-25
025
030
0-35
0-32
0-30
0-40
017
017
014
015
015
015
015

018
035
0-14
019
0-22
022
016
033
043
0-49
0-14
0-15
041

048
048
023
145
025
0-21

0-53
025
0:28
0-53
0-65
057
210
2-30
092
o027
026
0-61
0-61

BFW15 0:35
BFX13 023
BFX29 025
BFX30 025
BFX37 0-30
BFX44 033
BFX63 248
BFX68 0-30
BFX84 024
BFX85 029
BFX86 024
BFX87 025
BFX88 0-20
BFX89 0-45
BFY10 035
BFY11 045
BFY17 0-90
BFY18 025
BFY19 025
BFY20 0-50
BFY20 640
BFY37 020
BFY#1 043
BEY43 062
BFY50 016
BFY51 018
BFY52 016
" BFY53 015
BFY56 034
BFY64 0-41
BFYT5 040
BFY76 022
BFY77 024
BFY78 036
BFY30 060
BRY39 030
BSX1g 013
BSX20 014
BSX21 020
BSX26 034
BSX27 034
BSX28 025
BSX29 047
BSX30 068
BSXs9 078
BSX60 054
BSX61 042
BSX76 015
BSX77 020
BSX78 025
BSW70 028
BSY24 020
BSY25 015
BSY26 020
BSY27 015
BSY28 015
BSYas 015
BSY39 015
BSY51 025
BSY52 025
BSYS3 025
BSY54 030
BSYS6 070
BSY65 015
 BSY78 0-40
BSY79 0-40
BSY790 045
BSY95A 0-08
BU104 142
BU105 225
ci 053
D40N3 062
GET111 0-45
GET113 020
GET114 020
GET115 050
GET119 035
GET120 . 025
GET535 0-20
GET536 020
GET538 020
GET873 012
GET880 030
GET883 020
GET887 020
GET890 022
GET895 025
TIP29A 049
TIP30A 053
TIP31A 0-62
TIP32A 074
TIP33A 1-01
TIP34A 151
TIP35A 2:90
TIP36A 370
TIPHMA 079
TIPA2A 090
TIP2955 0-98
TiP3055 0-60

OF
POST
SERVICE

a86
TRANSISTORS
26301 015, | 2N3402
26302 015 2N3403
26303 025 | 2N3404
2G306 0:30 | 2N3405
26309 0-30 | 2N3414
263458 025 | 2N3415
26371 015 | 2N3416
2G374 015 2N3417
2N174 1-40 2N3570
2N404 0-23 | 2N3571
2N456 075 | 2N3572
2N456A 075 | 2N3702
2N457TA 080 | 2N3703
2N491 3-25 | 2N3704
2N584 0-26 | 2N3705
2N696 015 2N3706
2NBo7 0-15 | 2N3707
ING8 025 | oN3708
2N699 029 | oN3700
2N706 010 | 2N3710
2N706A 012 | 2N3711
2N708 0-13 | 2N3712
2N709 0-40 | 2n3713
aN71t 036 | 2N3714
aNT718 021 | 9N3715
INTI8A 030 | 2N3716
2N720 0-50 { 2N3773
2NT721 055 2N3774
2Ng14 0-15 { 2N3775
2N916 017 | 2N3776
INg18 0-30 | oN3777
2N919 0-20 | 2N3778
2N829 014 | 2N3779
2N830 014 | on3781
2N1090 023 | oNa3zee
2N1091 024 | on3780
aN1131 020 | 5N3700
2N1132 020 | oN3701
2N1302 016 | pn3700
2N1303 016 } oN3704
2N1304 026 | 5N3819
2N1305 020 | oN3820
2N1306 022 1 5n3g03
2N1307 0:22 | on3go4
2N1308 025 | oN3826
22}333 :’g 2N3854
2 .
2N1507 0-24 gﬁggﬁg”‘
2N1613 020 | ,N3855A
2N1631 035 | SN e
2N1637 030 | N3ss6A
2N1638 027 | oN3gsg
2N1701 110 | GooooeA
2N1702 245 | Hpoace
2N1711 017 | HN3859A
2N1893 034 | 5N3860
2N2102 030 | 5N3g6s
aN2147 070 | onser
2N2148 060 | oN3g77A
2N2192 040 | onaere
2N2192A 040 | oN3879
2N2123 0-40 2N3900
2N2193A 042 | o 00A
2N2194 027 | 2N
IN2194A 030 | s
2N2195 037
2N2195A 018 §u39°4
2N2218A 030 3905
37 | 2N3906
2N2219 037
2N2219A o-51 | 2N4036
2N4037
2N2220 020 | 284057
2N2221 0-20
2N2221A 0-33 | 2N4059
2N2222 0-31 | 2N4060
9N2222A 0.41 | 2N4061
2N2368 041 | 2Nd062
.2N2369 039 | 24502
ON2360A 017 :: 4223
2N2646 050
2N2647 120 | 2Ndot4
oN2711 012 | 2N4915
2N2712 012 | 2N4916
2N2713 017 | 2N4917
aN2714 017 | 2N4918
2N2004 018 | 2N4919
2N2904A 025 | 2N4920
2N2905 0-26 | 2N4921
2N2905A 0-23 | 2N4922
2N2906 018 | 2N4923
2N2906A 023 | 2N4926
2N2907 018 | 2N4927
2N2907A 025 | 2N4928
2N2923 012 | 2N4929
2N2924 012 | 2N4330
9N2925 012 | 2N4931
2N2926 aN5172
Green 010 | 2N5174
Yellow 010 | 2N5175
Orange 010 | 2N5176
2N3053 0-31 2N5190
2N3054 0-46 | 2N5191
2N3055 0-60 | 2N5192
2N3380 0-20 | oN5103
2N3391 020 | 2N5194
2N3391A 022 | 2N5195
2N3392 013 | 2N5245
2N3393 012 | 2N5457
2N3394 617 2N5458
Telex 21492

Post & Packing 13p per order. Europe 25p. Commonwealth (Air) 65p (Min.)

TIL 209 LIGHT EMITTING

TTL LOGIC I.C.’s

We stock the full range of the fow number SN 7400 series—some

examples:
SN 7400 £0-20 | SN 7401 £0-20 | SN7402 £0-20
SN 7403  £0-20 | SN 7404 £0-22 | SN7420 £0-20
SN 7447 £1-30 | SN7472 £0-36 | SN 7493  £0-75
We also stock the unusual numbers as follows—
SN 74100 £2-56 | SN 74153 f£1-53 { SN 74176 £1-50
SN 74107 £0-43 | SN 74154 £2-00 | SN 74180 £1-55
SN 74118 £1-00 | SN 74155 £1-55 | SN 74181 £7-00
SN 74119  £1-92 | SN 74157 £1.80 | SN 74190 £1-95
SN 74121 £0-60 | SN 74160 £2-60 | SN 74191 £1-95
SN 74122 £1-35 | SN 74161 £2.60 | SN 74192 £1-30
SN 74123 £1-35 | SN 74164 £2-26 | SN 74193 £1.90
SN 74141 £0-80 | SN 74165 £4-00 | SN 74196 . £1-60
SN 74145 £1.50 | SN 74167 £6-25 | SN 74198 £4-60
SN 74150 £3-35 SN 74174 © £2-00 SN 74199 - £4-00
SN 74151 £110 | SN74175 £1-35

BRIDGE RECTIFIERS
PV 50 100 200 400 608
1A 24p 26p 35p 35p 40p
2A 32p 37p Ap 46p 52p
4A 60p 70p 75p 85p 95p
6A 62p 75p 80p £1-10 £1-25
Mc 1308 £3-60

FM multiplex stereo demodulator

MG 1303 Dual monolithic stereo preamplifier £2-70
MG 1310 Stereo decoder £2.78
NE 555  Timer 1.C. 90p
NE 560  Phase locked loop £4-48

space.

MONTHLY NEWS FEATURE

1. New office open:
Glasgow. Tel: 041 332 4133

2. New office opening Bristol. Watch this

3. New catalogue available. Price 15p

4. TAD 100 4 CFT-
£2.80 our price £2 only!

65 Bath Street,

470C: normal price

DIODES & RECTIFIERS

INS171 (1-5amp 50 pv})  8p
IN5172 (1-5 amp 100 pv} 9p
IN4517 (1-5 amp 200 pv) 10p
IN173 (1-5 amp 400 pv) 11p
IN5176 (1-5 amp 600 pv) 12p
IN5177 (1:5 amp 800 pv} 15p
PLAOBT (1-5 amp 1000 pv) 20p
IN5408 (3 amp 50 pv} ~ 15p
IN5401 (3 amp 100 pv) 17p
IN5402 (3 amp 200 pv)  20p
IN5404 {3 amp 400 pv) 22p
CL7005 (3 amp 600 pv) 25p
CL7006 (3 amp 800 pv} 27p
CL7007 (3 amp 1000 pv) 30p

CL1002 (10 amp 100 pv) 35p
€L1083 (10 amp 200 pv} 40p
€L1004 (10 amp 400 pv) 47p
CL1005 (10.amp 600 pv) 56p

ANODE & CATHODE STUD
IN1183 {35 amp 50 pv)  70p
IN1184 (35 amp 100 pv) 80p
IN1186 {35 amp 200 pv} 90p
181188 (35 amp 400 pv) £1-00
IN1130 (35 amp 600 pv) £1-40
CATHODE STUD ONLY
IN3766 {35 amp 800 pv) £1-50
IN3768 (35 amp 1000 pv) £2-50

IN34A  10p | BA141  17p | BY237 12ip | 0AT9 2
IN914  7p | BA142 17p | BYZID  35p | 0AS1 8p
IN9T6  7p | BA144  12p | BYZI1 32p | 0ASS  10p
AA11S  7p | BA145  17p | BYZ12 30p | 0A%C  Tp
AA128  18p | BA1S4 12p | DAS  10p | 0A91 Tp
BA10D 15p | BY10D 15p | OA10  20p | OA95 Tp
BA102 25p | BY126 15p | OA47  7ip | OA200  T7p
BA110  25p | BY127 17ip | OA70  7ip | 0A202 10p
BA115  7p | BY140 £1.00 | 0A73  10p
OPTOELECTRONICS POTENTIOMETERS
MINITRON 3015F 7-SEGMENT | Carbon:

INDICATOR (16 PIN DIL) £2
DRIVER SN 7447 £1-30
SOCKETS 20p

DIODE. (Red). 35p

Log. or Lin., less switch, 16p

Log. or Lin,, with switch, 27p

Wire-wound Pots (3W), 38p

Twin Ganged Stereo Pots, Log.
or Lin., 43p

89900 PHOTORESISTOR 38p

SCORPIO ignition kit £10 +
50p P. & P.

WIRE-WOUND RESISTORS

2-5 watt 5% (up to 270 ohms
only), 7p

5 watt §+ (up to 8-2kS2 only),

9p
10 watt 5% (up to 26k only),

10p

PRESETS (CARBON)
0-1 Watt 6p  VERTICAL
0-2 Watt 6p OR
0-3 Watt 7%p HORIZONTAL

SLIDE POTENTIOMETERS
58mm. TRACK
SINGLE GANGED, LOG or LIN
1k to 1M. 40p each
TWIN GANGED. LOG or LIN

> 1k to 500k. 60p each

SMALL VALUE
SUB-MIN. ELECTROLYTICS
Wide range of valves only Bp each

PRICES SUBJECT TO STOCK AVAILABILITY

ALL PRICES EXCLUSIVE OF V.A.T.

Tel:ol-452016123 A, MARSHALL & SON LTD

42 CRICKLEWOOD BROADWAY, LONDON, N.W.2

CALLERS WELCOME

Hours: 9-5.30 pm Mon-Fri 9-5 pm Sat
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CONCORDE INSTRUMENT
COMPANY

- 42 CRICKLEWOOD BROADWAY LONDON NW2

who now have franchise agreements with Siemens and Thomson-CSF wish to sell the
following capacitors manufactured by NTK, and resistors manufactured by Erie:

Voltage Quantity Capacitance Dimensions
F. D X L (mm)

6V 10,000 2,200 18:0 x 315-
11,700 3,300 18-0 x 40:0

7,720 4,700 22-4 x 40-0

10V 20,000 33 6:3 x 16-0
2,500 47 8-0 X 160

8,000 330 10-0 x 315

10V 1,600 470 12-6 x 315
41,000 1,000 126 X 315

21,000 2,200 18-0 x 40-0

) 20,460 3,300 22-4 x 40-0
16V 18,000 220 10-0 x 315
27,500 330 1256 x 316

23,760 470 125 x 316

1,500 2,200 22:4 X 400

Price Voitage Quantity Capacitance Dimensions Price
uF D X L (mm)
9-0p 25V 25,000 100 100 x 250  3:0p
11-0p 12,500 220 126 x 316 5-0p
13-0p 50,000 330 125 x 316 56p
2.5p 35,200 470 180 x 31'5  6-0p
2-5p 23,650 1,000 18-0 X 40-0 10-Op
2-6p
4-5p 35V 37,500 100 126 x 31:5 33p
5-5p 15,000 220 126 x 316 60p
10:0p 5,800 330 180 x 315  9:0p
13-0p 15,000 470 180 x 400  9-3p
3-3p 15,000 1,000 22-4 X 40-0  12:0p
5-0p
1500 50V 2,000 33 63x 160 3:0p
L 6,200 220 18-0 X 40-0 88p

Please note that the above prices are for quantities of 1,000. If you require any more than that, please telephone us on

01-452 0161
Erie Resistors
2 WATT 10%
RQ Quantity RQ Quantity RQ Quantity
135 20,983 390 28,000 470 3,550
560 24,000 1K5 4,000
18K 20,000 1™M 22,550 3Ke . 2,600
2M7 35,700 3mM9 2,600 2m2 2,000
10M 54,750 8AD 5M6 3,000
' PRICE: £1-00 per 100. (Subject to remaining unsold.)
' 2 WATT 10%
RQ Quantity RQ Quantity RQ Quantity
1K2 1,700 1K5 108,600 2K2 20,650
3K3 3,000 3K9 6,250 4K7 24,200
5K2 4,000 5K6 31,600 8K2 59,150
15K 5,160 18K 3,950 22K 6,000
47K 24,200 100K 2,000 120K 2,000
160K 13,300 330K 2,850 470K 23,400
2M2 48,300 3M3 560 5M6 3,150
8M2 . 250 10M 32,450 10AD
PRICE: 50p per 100

We also have large stocks of:

BC108
AD162
BD116

BC109
2N3055
SN7441

PRICES SUBJECT TO QUANTITIES REQUIRED.

AD161
AF116

LP1175

Concorde Instrument Company has the exclusive franchise for Scotland with Siemens
covering their complete range of passive components, semiconductors and ferrites. The address
of the Scottish office is:—

CONCORDE INSTRUMENT COMPANY

65 BATH STREET, GLASGOW, G2 2BX, SCOTLAND
Telephone : 041 332 4133/4

Please telephone 01 452 0161 for all enquiries regarding this offer
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MODERN TELEPHONES type 706. Two fone
grey, £3-75 ea. The same but black, £2-75 ea.
P. & P, 25p ea.

Also TOPAZE YELLOW £4:50 ca. P. & P. 25p
STANDARD GPO DIAL TELEPHONE
(black) with internal bell, 87p ea. P. & P. 50p.
Two for £1-50. P. & P. 76p

All telephones complete wnh bell and dial.
SINE TO SQUARE WAVE CONVERTOR.
5Hz to 250KHz 9 volt operation, Sme input1 to
15 volt—output 0 to 7 volts. Completely
assembled with amplltude contro! and mark
space preset, £225 ea L& P

RELAYS

G.E.C. Sealed Relays High Speed 24V. 2m 2b—
17p ea.
S.T.C. Sealed 2 pole cfo 700 ohms (24V),
15p ea.
12v 35p ea. 2,500 ohm (okay 24v)—13p ea.
S.T.C. Brand New 2 pole cfo 6800 ohm coil—
15p ea.
CARPENTERS polarised Single pole clo 20
and 65 ohm coil as new, complete with base
37p ea.
Single pole cjo 14 ohm coil 33p ea.; Singie pole
cfo 45 ohm coil 33p ea.
Varley VP4 Plastic covers 4 pole clo 5K
30p ea. 15K—33p &
POLARISED Relay 2 pole clo 250 ohm and
250 ochm ceils.—25p
POTTER & BRUMFIELD 24V 4 pole c/o min
relays, Clear Plastic. Brand New. 50p ea.
P.&P.10p.

POTENTIOMETERS
COLVERN 3 watt. Brand new, 5; 10; 25;
500 ohms; 1; 2°5; 5; 10; 25; 50k all at 13p ea.

MORGANITE Special Brand new, 2'5; 10;
100; 250; 500K; 2-5 meg. 1 in. sealed, 17p ea.
BERCO 2; Watt. Brand new, 5; 10; 50; 250;
500 ohms; 1; 2+5; 5; 10; 25; 50K at 15p ea.
STANDARD 2 meg. log pots. Current type
18p ea.

INSTRUMENT 3 in. Colvern 5 ohm 35p ea.;
50k and 100K 50p ea.

BOURNS TRIMPOT POTENTIOMETERS.
10; 20; 50; 100; 200; 500 ohms; 1; 2; 2:5; 9; 10;
25K at 35p ea. ALL BRAND NEW.

RELIANCE P.C.B. mounting: 270; 470;
500 ohms; 10K at 33p ea. ALL BRAND NEW.

ALMA precision resistors 100K; 400K; 497K;
998K; 1 meg—01% 27p ea.; 3-25k, 5-6k, 13k-
0:1% 20p ea.

MULLARD

ELECTROLYTICS
2200MFD 100V 10A (50°C)
BRAND NEW BOXED
70p each
10 off — 60p each
100 off — 45p each

TRANSFORMERS. All standard inputs.
STEP DOWN ISOLATING trans. Standard
240v AC to 55-0-55V 300W, £3 ea. P. & P. 35p.
Neptune series 460-435-0 etc. 230 MA and
600-570-540-0 etc. 250 MA. £3:50 incl, post,
Nepiune Series. Multi 6:3 volts to give 48V at
3-5 amps etc. £3:50 incl. P. & P.
Gard/Parm/Part. 450-400-0-400-450. 180 MA.
2X6-3v. £3 ea.

Transformer 250-80MA; 13V-1-2A and 6-:3V-5A.
£5-50. P. & P. 25p.

CHOKES 5H; 10H; 15H, up to 120mA, 42p ea.
P, & P. 17p.

Up to 250mA 63p. P. & P. 35p.

Large quantity LT, HT, EHT transformers,
Standard 240V MOTORS by CITENCGC
reduction gearbox to 19 r.p.m, reversible, £5 ea.
Also 57 r.p.m. and 114 r.p.m.

*FIRST TIME at £42:50
Solartron CD 7118.2 Duuble Beam Oscil-
|- loscope DC—8 mcfs; 3 mv/cm; trigger
delay. crystal calibrator; 4” flat faced tube.
In good working condition. Carr. £1-50.

AVO TRANSISTOR AND DIODE TESTER
TYPE CT 537. In superb condition, in original
crates with full instructions, circuit diagram,
etc. New price £250 Plus. OUR PRICE £40 ea.
Carr. £1-25,

MARCONI AUDIO OSCILLATOR TF 195M.

10¢/s to 40Khz, Fully adjustable metered ofp.

2 watt ofp up to 15Khz. £12:50 ea. Carr. £1-50.
SPECIAL OFFER

SELECTED B.C. 221 Recalibrated to Ministry
Specification in brand new condition, complete
with circuit, only £25. Carr. £1-50.

CT 316 General Purpose Oscilloscope. 3” tube
5 Mhz Band width DC Coupled, Standard 240V
50HZ input. £22:50, Carr. £1-50.

COSSOR 1035 Mk. 3. Double Beam. Band-
width 7Mhz, Mk. 3 has miniature valves—has
no internal resemblance to Mk. 1/2, Very good
value at £40 ea, Carr, £1-50,

OSCILLOSCOPES
HARTLEY 13A. Double Beam 5.5mc/s
with circuit diagram & mains lead £20.
Compiete with accessories £25.

CT436 DB—6 mcls. £65. *
SOLARTRON 643 DC—15 mefs.
Good condition £40. *
SOLARTRON DC—10 mc/s, CD513—£40
D513.2—-£42-50.
CD523S—£56.
E.M.l. WM8. DC to 15 mc/s. Complete
with plug in preamp, from £45.
Oscilloscopes marked * suitable for
Colour Television servicing. Many others
available.
All carefully checked and tested. Carriage

£1-50 extra.

MARCONI
Noise Gen. TF1106. £40. Carr. £1.50.
Vacuum tube Voltmeter TF1041A. £27-50;
10418, £35.
Wide Range Oscillator TF 1370, £100.
?Je\g'oation Meter TF934/2, £50 ea. Carriage

Deviation type 791, £30 ea. Carr. 75p,
TF 1026 Frequency Meter £12:50. Carr. 75p.
TF 329 Magnification Meter. As new con-
dition
TF 8399 Millivolt Meter up to 100 mcfs. £15
ea. Carr. £1,
TF 893 Output Power Meter, £30 ea.
Carriage £1.
TF 894A Audio Tester, £50. Carr. £1-50.
AF Nol (CT44) Absorption Wattmeter
£15 ea. Carr., £1'50.
TF 801A Signal generator £45 ea. Carr.
£1:50,
TF 886 Magnification Meter £45. Carr, £1.
TF 936 N. § Impedance Bridge from £50 ea.
Carr, £1-50,
TF 144G Signal Generator. Servizeable.
Clean £15. Carr, £1-50.
TF 885 Video Oscillator Sine/Square £30.
Carr, £1-50.
TF 885/t £45. Carr. £1-50.

SOLARTRON
Stabilised P.U. SRS 151. £15. Carr. £1-50.
Stabilised P.U. SRS 152, £10. Carr. £1-50,
Precision Millivoltmeter VP252, - £25.
Carr. £1.
Oscillator type OS 101, £30. Carr. £1-50.

AVO
Electronic Testmeter CT 38, £17. Carr. £1.
g:l;(l]\llEC Generator type 210, £85. Carr.
Test Gear listed is only a very smalil

selection of our stock—please enquire
regarding other items.

E.H.T. TRANSFORMERS (Standard
Mains) 3 KV 600 MA, £20 ea. Carr, £1-50.

CAPACITORS
0-1MFD 50 KV working. £10 ea. Carr, £1-50.
0-1MFD 100KV working. £16 ea. Carr.£1-50.

INTEGRATED CIRCUIT test clip by AP inc.
Gold Plated clip-on. Brand New individuaily
boxed, £1-00 ea, P. & P. 10p.

4 DIGIT RESETTABLE COUNTERS.
1000 ohm coil. Size 13X$X4% in, As new,
by Sodeco of Geneva. £2 50 ea. As above
but 350 ohm. £3-50 ea.

DECADE DIAL UP SWITCH-5 DIGIT.
Complete wrth escutheon. Black with white
figures. Size 4” long X 17 hgh x 13" deep.
Ex-Plessey. £2:50 ea. P. & P.

LIGHT EMITTING DIODES (Red) from
Hewlett-Packard. Brand New 38p ea.
Holder 1p ea. Information 5p.

FIVE moving cail maters £2 P. & P. 37p.
VISCONOL EHT CAPACITORS

Size 1X2% ins.
0-05mfd 2-5kV 50p ea.
0-01mid 5kV 40p ea.
0-001mfd 10kV 50p ea.

ize 2§ X 61 ins.
0:05mtd kV 50p ea.

Size 11X 5% ins.
0-01mfd 10kV 50p ea.
0-002mfd 15kV 65p ea.
0-0005mfd 20kV 60p ea.
01mid 4kv 35p ea.

DUBILIER 0imfd 5 KVi O1mfd 7.5 KV;
0-25mfd 7-5 KV; 0-5mfd § 'KV all at 50p ea.
P. & P. 15p.

PHOTOCELL equivalent OCP 71, 13p ea.
fF’ho.r‘t‘;:-nesist type Clare 703, (TO5 Case). Two
or 50p.

BURGESS Micro Switches V3 5930. Brand
new 13p ea.

AMERICAN EQUIPMENT

FM SWEEP GENERATOR TS 452, with built
in display. For alignment of IF/RF coils/fiiter
strips 5 to 100Mhz. Marker adjustable through
entire range. 3" T. Supplied for 240V 50Hz
operation. £70 ea. Carr. £1-50,

RF GENERATOR TS 497, 2—400Mhz. internal
AM Mod, External AM & PM. Variable attenua-
tor 50 ohms. O/P !mp, £35 ea. Carr. £1-50.

OSCILLOSCOPE type USM24. A 10meg
scope—all min valves complete with circuit
diagram and stepdown transformer £22-50 ea.
Carr. £1

POWER SUPPLY. Completely self contained
27 volt 40 amp DC. 240V 50HZ input £35 ea.
Carr. £1-50.

FILTER UNIT with linking cable for above
£15 ea. Carr. £1-50.

SEEING IS BELIEVING!

COLVERN TEN TURN POTS—ex eq.
:oiiapt GOp ea. Complete with dial £1:50 ea.

C.R.T.'s 5" type CV1385/ACR13. Brand
new with spec. sheet. 63p ea. P. & P, 35p.

BASES for above 20p ea. P. & P. 15p.

Genuine MULLARD Transistors/Diodes.
Tested and guaranteed. OC41, 42, 76, 77,
83; OAS5, 10. All at 3p ea. 0C23—-10p ea.

CAPACITOR PACK—50 Brand new
components only 50p. P. & P. 17|

POTS—10 dxﬁerent values, Brand new,—
50p. P. & P. 17,

COMPONENT PACK conslstlng of

5 pots various values, 250 resistors + and

% watt etc., many high stabs. A[l brand

?;aw Fine value at 50p per pack. P. & P.
P

COMPLETE Printed Circuit TRAN-
SISTOR LF. strip 470 kc/s, audio out.
Size 12X 45 x Zin. ONLY 75p. P. & P. 10p.
3000 Senes relays—15 mixed values (new
and as new. no rubbish) £1. P. & P. 37p.

DELIVERED TO YOUR DOOR 1 cwt. of
Electronic Scrap chassis, boards, etc. No
Rubbish. FOR ONLY £3-58. N. Ireland £2
extra.

LOOSE LEAF BINDERS. Biue piastic
cover, 4 ring. Standard size. 4 for £1.
P. & P. 35p. 25 for £5. Carr. £1.

P.C.B. PACK S & D, Quantity 2 sa ft,
—no tiny pieces. 50p plus P. & P.
FIBRE GLASS as above £1 plus P. & P.

5 CRYSTALS 70 to 90kHz. Our choice,
50p. P. & P, 15p.

Matched pairs, 50p per pair. P. & P, 15p.

MOTOR—min. synchronous, size 13X 2X
:," 240V Operation 3. 6 rpm, 25p ea. P. &

TRIMMER PACK—~2 Twin 50/200 pf
ceramic; 2 Twin 10/60 pf ceramic; 2 min
strips with 4 preset 5/20pf on each; 3 air
paced preset 30/100 pf on ceramic base.
iAOL BRAND NEW 25p the LOT. P. & P.

P.

Panel switches DPDT ex eq. 10p ea.; DPST
Brand new, 17p ea.; DPST twice, brand new
25p ea.

HEAVY DUTY 6 amp. 2 pole ¢fo—20p ea.

GRATICULES, 12 cm. by 14 cm. in High
Quality plastic. 30p ea. P. & P. 5p.

PANEL mounting lamp holders, Red or green.
9p ea. Miniature. PANEL mounting lamp with
holders—10V 15MA 5p ea.

S8ECKMAN MODEL A. Ten turn po
complete with dial. 100k 3% Tol 0:25%—
only £2-13 ea.

FIBRE GLASS PRINTED CIRCUIT
BOARD. Brand new. Single sided up to 23"
wide X 15" ip per sq. in. Larger pieces 1p
per sq. in. Double sided. Any size 1p per sq. in.
Postage 10p per order,

Smgle pole 3 way 250 V AC 15 amp switch,
8p ea. P. & P. 5p. Large discount for quantity.

2HZ to 20MHZ SOLID STATE BEAM SWITCH

Completely assembled P.C. Board,

ready to use on any standard

commercial oscilloscope. Size 43" x 3%". £9.25 each. P & P 25p.

20HZ to 200KHZ
SINE AND SQUARE WAVE GENERATOR

In four ranges. Wien bridge osciilator thermistor stablised. Separate
independent sine and square wave amplitude controls. 3V max sine,
6V max squatre outputs. Completely assembled P.C. Board, ready to use.
9 to 12V supply required. £6.85 each. P & P 2Bp. Sine Wave only

£4.85 each. P & P 25p.

TRANSISTOR INVERTOR

12 Vto 1.5 KV 2 MA AC. Size 14" x 24" x 4",
£2.95 each P & P 25p.

WOBBULATOR

For displaying response of 10.7MHZ (FM receiver I.F.’s) and 30-40MHZ (TV I.F. alignment).
Requires 6.3 V AC and any general purpose oscilloscope. Instructions supplied. Completely
assembled P.C. Board. £9.00 each P & P 25p

| VALUE ADDED TAX not included in prices—please add 10% |
Official Orders Welcomed, Gov./Educational Depts., Authorities, ete., otherwise Cash with Order

CHILTMEAD | ]

Open 9 am to 7.30 pm any day.

7/9 ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916
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APPOINTMENTS VACANT

DISPLAYED APPOINTMENTS VACANT : £9.00 per single col. inch. -

LINE advertisements (run-on): 50p per line (approx. 7 words), minimum two lines. Advertisements accepted up to
BOX NUMBERS: 25p extra. (Replies should be addressed to the Box number in the advertisement, 12 p.m., Thursday, July 5th
c/o Wireless World, Dorset House, Stamford Street, London, S.E.1.) for the August issue, subject to

PHONE : Allan Pefters on 01-261 8508 or 01-928 4597, space being available.
Classified Advertisements Rate is currently zero rated for the purpose of V.A.T.

Capital Radio
Operations and Engineering Staff

Capital Radio, having been awarded the contract for the London General Radio Station by the IBA, is now
seeking talented engineers and operations staff for their studio in Central London.

Capital Radio will be the most important independent entertainment radio station in the United Kingdom
and the staff we are looking for should be capable and willing to meet the challenge this involves.

The following posts are open:

1. ASSISTANT CHIEF ENGINEER — Applicants should be fully conversant with modern broadcasting
technology and capable of giving alead to a team of first class maintenance and development engineers.

2. SOUND SUPERVISOR — This is a key position in the operation of Capital Radio. The man we seek
should have had a wide experience of operational sound working, either in radio, television or the re-
cording industry. He should be capable of multi-channel operations in stereo and will be responsible to
the Chief Engineer-for all operational duties.

Salary and conditions for both these appointments will reflect the importance we place on them.

3. ENGINEERS — We also require first class engineers for operations, maintenance and development
work on our modern and sophisticated studio eqmpment Experience in a broadcasting environment
is necessary.

Salary range: £1,992 — £2,944

4. SOUND TECHNICIANS — Capable of operation duties in a highly demanding area. A youthful outlook
and enthusiastic interest in developing programme techniques is essential. Operational experience will
be necessary.

Salary range: £1,992 — £2,833

Applicants for all these posts should submit full details of their education, experience and present
salary to:—

The Chief Engineer,
Capital Radio Limited,
96 Piccadilly,

‘London W.1.

2809
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Telecommunications

& Electronics Engineer

With the expansion of the company’s
offshore oil and gas production complex
within the UK and Arabian Gulf areas,
a telecommunications engineer is required
to work in our London Office on the design,
development and implementation of micro-
wave and ultra high frequency radio
systems including tropospheric scatter
and digital remote control and super-
visory systems. This includes interfacing
with measurement and controlling instru-
ments, pipeline valves and pumps, etc.,
for remote offshore oil and gas field pro-
duction systems and pipelines and tele-
communications systems for normal cor-
respondence and date.

Duties will include initial site surveys

engineering staff for new systems and
liaison with these engineers thereafter
will be an important part of the duties.

Candidates aged 30 to 40 must be quali-
fied C.Eng. or B.Sc Electronic Engineering.
Experience of at least four years’ in a
senior capacity- in installation testing or
site maintenance of electronic equipment
and four years’ design and development
experience in systems using this equip-
ment is essential. At least one year's
experience in the oil or allied industries
is desirable.

B Please write, quoting reference ZH341,
giving age and brief details of background
and previous experience to: The Manager,

APPOINTMENTS

and supervising final stage installation
involving overseas
Planning and engagement of local

and commissioning
travel.

Central Recruitment, The British Petrol-
eum Company Limited, Britannic House,
Moor Lane, London, EC2Y 9BU.

(@) Microwaves.
(b) HF Communications.

(d) Acoustics.

SCIENTIFIC
OFFICER

Applicants should be not more than 27
years of age and should have one of the
following qualifications:

(a) A degree in a scientific or engineering
subject. _

(b) Degree-standard membership of a
Professional Institution.

(©) A  higher National Certificate or
Higher National Diploma in a scien-
tific or engineering subject.

(d) A qualification equivalent to (c) above.

Salary Scales: £1206-£2043 with the entry

point determined by qualifications and

experience.

(¢) VHF/UHF Communications.

HER MAJESTY’S GOYERNMENT COMMUNICATIONS CENTRE
HANSLOPE PARK, MILTON KEYNES, MK19 7BH

has vacancies in the following fields of work

(e) General Electronic Circuit Design.

(f) Operational Analysis. For these posts appli-
cants should be experienced scientists/engineers
who have moved into Operational Analysis
rather than the inverse.

Most of the posts are at Hanslope Park but some will be in the London Area.

Appointments will be made within the grades of Scientific Officer, Higher Scientific Ofﬁcer and Senior Scientific
Officer in accordance with the following definitions:

HIGHER
SCIENTIFIC OFFICER

Applicants should be under 30 years of age
but this requirement may be waived if
special qualifications or experience can be
offered. Formal qualifications are the same
as for Scientific Officer above but in
addition the following experience is re-
quired:

(a) Applicants with 1st or 2nd class
honours degrees——-at least 2 years post-
graduate experience.

(b) Applicants with other qualifications—
at least 5 years post qualification
experience.

Salary Scale: £1946-£2515 with entry point

dependent upon experience.

Applications stating the field of work and grade required should be made to:

ADMINISTRATION OFFICER,

SENIOR
SCIENTIFIC OFFICER

Applicants should be at least 25 and under
32 years of age, although the upper age
limit may be waived if experience of special
value can be offered. ‘

A 1st or 2nd class honours degree with at
least 4 years post-graduate experience is the
normal requirement for this grade although
applicants with the other qualifications
given above may be considered if they have
had at least 7 years appropriate experience.

Salary Scale: £2464-£3483. Enfry will
normally be at the minimum of the scale
but applicants with experience of special
value may be entered above the minimum.

H.M. GOVERNMENT COMMUNICATIONS CENTRE,
HANSLOPE PARK, HANSLOPE, MILTON KEYNES, MK19 7BH 2617
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would you come ashore

for£2,300 a year?

As a Radio Operator with the
Post Office Maritime Service you
can continue your career ashore in
anintérestingand expandingservice.
And earn over £2,000 a year, inclu-
ding compulsory pension contribu-
tions, at 25 years of age working
only a 41-hour week of shift duties
—with overtime this could rise to
£2,300 and possibly more.

Post Office Radio Operators
benefit from a shorter pay scale
than sea-going officers. You have

Management.

To apply you need to be 21 or
over and to hold a 1st class or Gen-
eral Certificate issued by the MPT
or an equivalent certificate issued
by a Commonwealth administration
or the Irish Republic.

If you would like to know more,
please write to the Inspector of
Wireless Telegraphy, Post Office,
IMTR/WTS1.1.3, Union House, St.
Martin’s-le-Grand, London EC1A
1AR.L49

good opportunities for promotion to
positions earning basic salaries of
up to £3,290, and prospects of further
advancement into Post Office Senior

Post Offfice

Telecommunications

‘Send resu

Madrid 15
SPAIN

SPANISH
COMMUNICATIONS
EQUIPMENT
MANUFACTURER

NORTRON

Fernando el Catélico, 63

- Granada
Television

Electronic Engineers
for Operational Television

Expansion has created further vacancies at the TV Centre
in Manchester for electronic engineers to work in all aspects
of Granada’s broadcasting operations, covering studio vision,
videotape, telecine, transmission switching and maintenance
of sound and vision equipment.

Vacancies exist at all levels from 1st year Engineer to Sub-
stantive Grade (6th year) Engineer at salarieg between £1992
and £2944 per annum. Entry point will depend on experience.
Candidates who lack experience in broadcast engineering
will need a minimum of two years experience in communica-
tions engineering and preferably an ONC or equivalent.
Shift work, including weekends. Generous Granada Group
pension and life assurance benefits. Four weeks holiday.

Applications are invited from
qualified design engineers
specialized on: '

a) Ground/Air Communications
b) TV Colour Transmitters

c) Side Band Transmitters

At least 5 years experience
desirable, Company located in
Madrid. Salary open.

Applications, stating full details of education and
experience to: :

Robert Connell Granada Television MANCHESTER M60 9EA

GRANADA

mé fo:

. [2539
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Advanced design work now being undertaken at This is one of a number of key appointments we
STL has world-wide implications, both in the more are making because of the expansion of our
conventional areas of subscriber telephones and in activities. A team of our engineers and managers is
new electro-acoustic devices and display systems. touring the country for informal interviews with
Activity is concentrated on analogue and digital, engineers and managers of many disciplines. They
bipolar and MOS integrated circuits at audio will be pleased to meet you and talk about your
frequencies. prospects with STL, in the UK and Europe.

We need a designer to join our telephone subset Come and see us, between 4pmand 10pm (or the
component division, working on audio frequency morning after between 8.30am and 10am) at :

circuits. He will be a graduate with at least three

years’ experience in circuit design. Phases of design / ' . .
vary according to individual problems, butin JUNE 14th St. Albans - The Great Red Lion Hotel

general he will work, after on-the-job training, in JUNE 19th Chelmsford - County Hotel
feasibility studies, preparation of design and JUNE 21st Birmingham - Aibany Hotel, Smallbrook

procurement specifications, breadboarding and JUNE 22nd Bournemsuth - Pavilion Hotel, Bath Road

circuit optimisation constructing prototypes, liaising
with the drawing office to final engineering drawings, JUNE Z7th London ~ Waldorf Hotel, Aldwych, WC2

and following jobs through to production. ; ' . ;
Salary and career prospects, both in the UK and If you can’t make these dates, please telephone

with associate companies in Europe, are excellent. or write to : Martin Jenner, .
Location is a modern, weli-equipped laboratory Standard Telecommunication Laboratories Limited,
complex in pleasant rural surroundings. Help will be London Road, Harlow, Essex.
given with relocation expenses. Tel: Harlow 29531. ITT
‘ Standard Telecommunication Laboratories

A British Research Centre of {TT

(7 — }\ SUMLOCK COMPTOMETER LTD.
In-Car Entertainment
SALES DEVELOPMENT MANAGER AN |TA

A major distributive company growing nationally and )

diversifying the range of manufacturers products and ELECTRONIC DESK CALCULATORS
own company services supplied to the retail and

commercial trades is developing through its many PROGRAMMABLE CALCULATORS
wholesale distribution outlets the sales of a complete VISIBLE RECORD COMPUTORS
range of IN-CAR ENTERTAINMENT equipment. An

instaliation service is also to be provided. ¥ PEHIPHERALS

This is a new venture in a company which has pre-
viously had only minor involvement in this field.

We want to recruit a man with some technical know-
ledge of the ICE products range, relevant sales and

There are vacancies in our Field Service Organisation
for Engineers to service the above range of equipment
installed in London and the Home Counties.

marketing skills and the ability to lift this project Applications are invited from :—
off the ground and establish our ICE activities as a @ Electronic Engineers qualified to Intermediate
profitable and viable proposition. City & Guilds Certificate or equivalent
This post wiil be of interest to men now earning around standard and
£2,500 p.a. Company car and other benefits associa- ® Electro/Mechanical Engineers experienced in
ted with a big company apply. Triumph/Adler and/or IBM input/output
Write in strict confidence, giving full career history ’ typewriters, readers and punches.
and personal details to date.
Please advise in a separate letter, any company to Excellent training facilities and first class conditions
whom you do not wish your application to be for- of employment.
warded. For further information please contact :(—
Administration Manager,
\ : Sumlock Comptometer Ltd.,
Pike Russell and Associates, Anita House,
r Ref 166, Rockingham Road, It
St. Vedast House, Uxbridge, ‘"mi “""1
150 Cheapside, London EC2 Middlesex. '
Tel: 89-51522 I

| . )/ | f Il
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AudioDigital | | meeeneve
&Telephone | Eﬁgmgn
Engineers... ER

(Technician Grade 5

: - £1,881—£2,241)
3-way potential at i 2« o g 4

Audio Visual Aids Unit which provides services.

for teaching and research illustration throughout

rl e the University. The television equipment includes
a most versatile mobile control room handling

three Plumbicon studio cameras and five others.

The Senior Engineer will be responsible to the
Chief Engineer/Operations Manager and will assist

Several rare, possibly unique, positions concerning

design of audio distribution systems and control logic, with the operation and_maintenance of ali CCTV
with involvement in digital, audio and telephone gquipment mbc.ludmg IVC video-tape recorders and
engineering all at the same time. In the compact, ] The pminimu:‘mm::al.i:f?:::: is HNC in electronics
ltl}llghlylprofe.ssmnal Advanced Systems Department, or slectrical enginesring or an appr‘;‘priate rains
) e unit which has contributed heavﬂylto the ing in the BBC or a programme company.- Experi-
Company’s firmly-established international ence in educational television is desirable.
leadership in radio communications. A[}J‘Plti‘cations W2 binyitf’d ] immediateAy on fo;ms
. w .
Your experience should preferably span all three fields retlacry r(n;z'rs;"eo‘ )t,a"ﬂjen;ve,r,:;r:y t:,'fe SUS,,S,:;?MGL.]T;_
involved, though it may currently be much deeper in ford, Surrey. Previous applicants need not apply.
one than the others. Practical ability, together with a Tel: Guildford 71281 Ext, 452

. . ; Closing date: .
commercially-minded attitude are more important osing date: 6 July 1973

than qualifications, although these would naturally be
advantageous. You must be strong in logic as well as
innovation, with the ability not simply to conceive
preliminary design ideas but to visualise the end result
at the same time.

For more information, including salargs, your 4 ANTARCTIC
potential career within this extensive Group, an

Company benefits such as relocation assistance, please EXPEDITION
give a summary of your background in your letter

: . : Vacancies exist for Ionospherics Technicians
addressed to M. W. Timmins, Senior Personnel Officer, 10 work for about 30 months . in  the

Antarctic under expedition conditions.
Candidates, preferably single and aged

[2787

o 211-30, must %e physically fit, qgaliﬁed an
H H electronics and possessing a good ground-
) Pye'l'elecommunlcatlons Ltd work in valves techniques. They should be
Newmarket Road, Cambridge, CB5 8PD. capable of working without supervision and
Tel: Cambridge 61222 able to improvise in adverse situations.
e — : Successful applicants will be given a

training course prior to departure in
October and will be expected to commence
this immediately.

Salary from £1,442 with annual increments
and low income tax. Clothing provided and
free messing aboard ship and in Antarctica.

Applications to:

ROBERT GORDON'S INSTITUTE OF TECHNOLOGY, ABERDEEN BRITISH ANTARCTIC SURVEY,
30 Gillingham Street, London, S.W.1
SCHOOL OF ELECTRONIC AND ELECTRICAL ety e
ENGINEERING , 2810

ELECTRONICS WORKSHOP Project o
TECHNIGIAN Commissioning Engineer

Should have good theoretical training

o . in electronics plus actual experience
Applicants for the above post should have appropriate qualifications of professional audio equipment in

R . . . . s broadcasting, recording, or with a
and several years of experience in the field of linear and digital

. A specialist manufacturer.
‘electronic circuits and systems.

Salary on the scale £1,728 to £2,241 per annum with placing deter- Hec"omcs

mined by qualifications and experience. n"mgl“sm“n
. . To work mainly on console structures,
Further particulars and forms of application may be obtained from:- chassis and panel layouts, (small

electro-mechanical details), and some
printed circuit work. At least two
years similar experience.

The Secretary and Tireasurer Apply in writing to:
Robert Gordon’s Institute of Technology HELIOS Izliéé}v;gﬁ‘llg?’LIMlTED,
ABERDEEN, AB9 1FR . 161 High Street, Teddingeon,

2702
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CHELSEA COLLEGE
University of London

Electronics
Technician
Grade V

required in Applied Acoustics
Laboratories for the design,
development and maintenance of
electronic systems for post-
graduate teaching and research.

Salary Scale £2,056-£2,416 per
~annum (including London
Allowance).

Further details and application forms
from
The Departmental Superintendent
(5AA), Chelsea College,
(WW) Pulton Place,

London, SW6 SPR.
. [2803

UNIVERSITY OF SOUTHAMPTON

Department of Physics

TECHNICIAN

is required to assist with the construction and
assembly of instrumentation to be flown in small
sounding rockets for upper atmosphere research.

Applicants should have served an apprentxcesh:p
or hold an equivalent qualification in electrical
engineering with relevant workshop experience.
Additional experience in electronics would be
an advantage.

The appointment will be for one year in the first
instance. Salary scale £1,539—£1,794 per annum.

Applications giving decaxls of age, qualifications
and experience and the names and addresses of
two referees should be sent to the Deputy Sec-
retary’s Section (Ext. 2400), The University,
Southampton SO9 5NH, as soon as  possible.
Please quote reference number: WW 259/73/T..

[2703

APPOINTMENTS
MARGONI INSTRUMENTS LIMITED

ELECTRONIC
TECHNICIANS

are required to work on calibration, fault-finding and testing of telecom-
munications measuring instruments. The work is varied and will enable
technicians with experience of r.f. circuits to broaden their knowledge of
the latest techniques employed in the electronics and telecommunications
industries by bringing them into contact with a wide range of the most
advanced measuring instruments embracing all frequencies up to u.h.f.
Entrants may be graded as Test Technicians, Senior Test Technicians or
Technician Engineers according to experience and - qualifications. Our
servicing and production programme, geared to our recognised export
" achievement, provides employment combined with prospects of advance-
ment, not only within these grades, but into other technical and
supervisory posts within the Company at Luton and St. Albans.

Salaries are attractive and conditions excellent. A" Pension Scheme
includes substantial life assurance cover provided by the Company. Assist-
ance with removal may also be given in appropriate cases. Please write or
telephone, quoting reference WW178 | for application form to:

Mr. M. Leavens, Works Manager
Telephone: Luton 33866, or

Mr P Elsip, Personnel Officer
Marconi Instruments Ltd
Longacres, St. Albans, Herts = oo
Telephone: St. Albans 5689292

Member of GEC-Marconi Electronics

/ J 4 J 7 4 J J /

§ FOREMOST
§IN THE

g UNITED

g KINGDOM

IN CONSTANT TOUCH WITH
EVERY EMPLOYER OF
EXPERIENCED ELECTRONICS
ENGINEERS

Our professronal placement.
service is specialised, con-
fidential and completely

quoting WW105

ELECTRONICS

APPOINTMENTS LTD
4 DRYDEN CHAMBERS,
118 OXFORD STREET,

LONDON, W1R 1PA, 9.',,
TEL: 01-434 1861

/’ /L J

g
g
!
f
= o Phone us at any time or write
I

\

LOUDSPEAKER
DESIGN ENGINEER

An outstanding opportunity exists for an enthusiastic engineer to

set up a new division of Loudspeaker Manufacturing within the
SNS Electronics Group.

Experience in design and production management technlques in the
Audio Electronics Industry is required, together with a determination
to succeed.

The successful applicant, who will be responsible to the Technical
Director, will join a young and expanding organisation with a
reputation for equipment of the highest quality, in whnch prospects
for advancement are excellent.

Salary will be commensurate with ability, experience and
qualifications.

Telephone or write for an appointment to:—

Mr. R. Jones, Technical Director,

SNS ELECTRONICS GROUP

851 Ringwood Road, Bournemouth, BH11 8LN

Tel: Northbourne (02016) 5331/4.
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Careers with EMI in
Quality Assurance

A rapid expansion programme throughout our location at Hayes,
Middlesex, has created vacancies for Test and Quality Staff.

Senior Test Engineers
Test Engineers
Assistant Test Engineers

If you are interested in working in any of the areas outlined below,
please contact us. We are one of the world’s leading companies in
electronics and we can offer you a wide range of opportunities and
excellent prospects for a satisfying career in engineering.

Radar and Equipment Division

This division designs and manufactures sophisticated airborn
and surface radar equipment. We have a number of large contracts for
the development and supply of radar devices to the armed forces.
Sound and Vision Equipment Ltd.

This company designs and manufactures audio-visual equipment
including closed-circuit television systems. television cameras
and video devices. It won the Queens Award to Industry for its
celebrated 2000 range of light-weight television cameras.

Medical Electronics Division

This division designs and produces the celebrated EMI- Scanner
The computerised X-ray system for the diagnosis of brain diseases,
invented by one of our research scientists who won the £25,000
MacRobert Award for outstanding technological innovation in British
Industry in 1971. This equipment obtained the 1973 Queen’s Award to
Industry for technological achievement.

Microelectronics Division

The work of this division is the development and manufacture of

thick and thin film circuits and a wide range of microelectronic devices.

Central QualityAssurance

We have the following vacancies in our Central Quality Assurance
Department which provides technical support to all divisions in the
electronics operations.

Test Gear Engineer
To design and build special-to-type test equipment and to construct
the calibration and maintenance schedules of test gear at the
commissioning stage.

Technical Liaison Engineer

To liaise with development teams to provide transfer of expertise

to the production units, advising on test methods and equipment and
solving problems at all stages of development and production,

Metrologist
To carry out precision measurements in our standards laboratory
using measuring devices, sensitive comparators and optical instruments.

Salaries: £1400-£2400

dependent upon the position and the experience and ability of the person
Please write or telephone for an application form:

Tel: 01-573 3888 Ext. 2887

.international leaders in Electronics. Records and Entertainment.

Wireless World, July 1973

DUBLIN INSTITUTE
FOR ADVANCED STUDIES

School of Cosmic Physics

Applications are invited for the post of

SENIOR TECHNICIAN

in the Geophysical Section of the School
located in Dublin. The necessary qualifica-
tions are the Science Laboratory Tech-
nicians Advahced Certificate, a University
Degree in science or equivalents. The
appointee will be required to maintain
and operate laboratory and field geo-
physical equipment. Experience in main-
tenance, use and construction of

ELECTRONIC EQUIPMENT

is essential. The post is permanent and
pensionable  (non - contributory)  with
salary scale £1.675 x £73 (5) x £46—
£2,086 (under review) plus Marriage and
Family Allowances. Applications should
reach the Registrar, Dublin Institute for
Advanced Studies, 10 Burlington Road,
Dublin 4, Ireland, not later than 31 July,

1973. .
[2806

LINCOLN No. 1 HOSPITAL MANAGEMENT
COMMITTEE

LINCOLNSHIRE MEDICAL PHYSICS DEPT.

MEDICAL PHYSICS
TECHNICIAN

(GRADE 1ll)

A technician is required to work primarily in the
new Audiological Measurement section of the
Lincolnshire Medical Physics Department at St.
George's Hospital, Lincoln. The successful appli«
cant will be required to assist in all the scientific
audiological tests carried out by the section.

The work involves technical problems together
with personal contact with patients of all ages.

Applicants should be qualified to HNC standard
in Electronics or be trained to an equivalent
standard. Comprehensive training will be given
on technical and clinical practice, Further infor-
mation from the Physicist-in-Charge.

Salary Scale £1,602—£2,076,

Applications giving full details of education, quali-
fications and experience together with the names
of two referees to the Hospital Secretary, St.
George’s Hospital, Lincoln,

2785

R. N. L. BLACK, Personnel Department,
m EMI Electronics Ltd., 135 Blyth Road, Hayes, Middlesex..

HARROW COLLEGE
OF TECHNOLOGY AND ART

TECHNICIAN:

SCHOOL OF PHOTOGRAPHY

Up to £1,980

A Technician/Engineer in television and sound
is required for a new post in the Film and
Television Department. Duties will include the
technical operation and routine maintenance of a
C.C.T.V. Studio requiring electronic and mech-
anical skills and knowledge in the television field.
Relevant City and Guilds or H.N.C. qualifications
are desirable and further in-service training will
be considered.

Unless otherwise stated all the above positions
invoive a 35-hour week (Monday to Friday).
Application forms from The Registrar, Harrow
College of Technology and Art, Northwick Park,
Harrow, Middx. HAl 3TP (864 4411 Ext. 31).
Returnable by 8th June, 1973.

[2788
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UNIVERSITY OF SURREY

Laboratory
Superintendent

Department of Physics

. Applications are invited for a newly
established post in the Department of
Physics. The person appointed must
possess extensive experience of high level
experimental work in scientific or engin-
eering laboratories and will take an active
part in experimental work in the Depart-
ment.

The qualification required is a degree in
a relevant subject, but an experienced
candidate with H.N.C. and corporate
membership of an appropriate institution
or learned society could be considered.
The appointment will be that of a Senior
Experimental Officer in the University for
which the salary scale is £3,192-£4,299,

Further particulars can be obtained from
the Assistant Secretary (Personnel),
University of Surrey, Guildford, Surrey
GU2 5XH, and to whom applications in
the form of a curriculum vitae should be
returned to by .6th July, 1973.

[2696

UNIVERSITY OF KENT
AT CANTERBURY

Research Studentships
in Elecironics

A few studentships are available for
first and top second degree candidates
for research in the following fields.

Digital Communications.

Computer Systems and Cybernetics.

Solid State Devices.

Microwaves,

Radio Astronomy.

Space Research.

Experimental Relativity.

Medical Electronics.
Further details and application forms
from: Professor R. C. Jennison, The
Electronics Laboratories, The Univer-
sity of Kent at Canterbury, Canter-

bury, Kent.
12792

M APPOINTMENTS

Senior
Electronics
Engineer

Noise Measurement

We are seeking a man with a minimum qualification of an

Electronics HNC to lead the Instrumentation Section of
- our Noise Research Department.
Based in Derby, this section provides a measurement
service to a department of twenty-five qualified staff
conducting research and d8velopment into methods of
reducing aero-engine noise. Noise measurements are
made on a variety of static rigs, engine test beds and on
field exercises. The department is well equipped with
modern instrumentation and excellent supporting -
facilities are available.
Candidates should be aged between 28 and 35 and be
prepared to work away from base for short periods
during field trials.
At least four years experience of electronic
instrumentation and test work is required, together with a
sound knowledge of analogue tape recording. Some
experience of acoustic measurements and Bruel and
Kjaer equipment would be advantageous.
The Company operates an excellent Life Assurance and
Staff Pension Scheme, and we shall be pleased to
discuss relocation assistance with applicants who are
invited for interview.

Please write for an application form, giving brief
ROLLS| details of qualifications and careerto-date, to :
Head of Employment Office,

Rolls-Royce (1971) Ltd, Derby Engine Division,
coval Detoy Engine Division

P.0.Box 31, Derby DE2 8BJ

ELECTRONICS
TECHNICIAN

The Electronics Department of Brompton
Hospital has a vacancy for an additional
Electronics Technician (Grade 3) to
undertake the construction and mainten-
ance of electronic equipment used in the
Hospital, e.g. instrumentation, amplifiers,
transducers, oscilloscopes, optical record-
ers, mass-spectrometer, analogue com-
puters and TV systems. Applicants should
bhave a good working knowledge of
electronics and be qualified to O.N.C.
standard or equivalent, Day release
facilities for further approved education.

Salary £1,714-£1,969 per annum including
London Allowance. Further details and
application form:

Departmental Superintendent, B.H.,
Chelsea College,
Pulton Place, London SWé6 SPR.
{2692

BOTSWANA

ASSISTANT ENGINEER
Grade Il

* Gratuity 25% of basic salary. * Low taxation.

* Subs.dised accommodation. * Holiday visit passages.
* 24-36-month tour. * Education Allowances.
* Appo:ntment Grant £100-£200 * Free family passages.

normally payable.
Required by the Posts and Telecommunications Department to establish a new
radio workshop repairing a wide range of HF/VHF radio communications
equipment,
Candidates, 30-45 years, must possess the City and Guilds Intermediate
Certificate in Telecommunications, have had five years’ relevant experience,
excluding training, and must be capable of undertaking minor radio equipment
modification, installation and aerial work, Experience with Plessey, Racal and
Pye equipment and some knowledge of radio stores would be an advantage.
Salary will be in the range £1780 to £2700 according to experience.
Because of lower rates of Income Tax in Botswana the gross emoluments,
including gratuity, are roughly equivalent to a UK salary of £2600 to £3700
for a single man and £2650 to £3900 for a married man with two children,
This post is partly financed by Britain’s programme of aid to the developing
countries administered by the Overseas Development Administration of the
Foreign and Commonwealth Office.
For further particulars you should apply, giving brief details of experience to:

M D.vision, 4 Millbank,

crown agents ;e
\ reference number

M2K/730429/WF.

[2796
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Electronics
TestEngineers

Pye Telecommunications of Cambridge and Haverhill have immediate
vacancies for Production Test Engineers. The work entails checking to an
exacting specification VHF/UHF radio-telephone equipment before customer
delivery; applicants must therefore have experience of fault finding and

_ testing electronic equipment, preferably communications equipment. Formal
qualifications while desirable, are not as important as practical proficiency.
Armed service experience of such work would be perfectly acceptable. Pye
Telecommunications is the world’s largest exporter of radio-telephone
equipment and is engaged in a major expansion programme designed to double
present turnover during the next five'years. There are, therefore, excellent
opportunities for promotion within the company. Pye also encourages its staff
to take higher technical and professional qualifications.

These are genuine career opportunities in an expansionist company, so write
or telephone without delay for an application form to:

Mrs A E Darkin at ]

Cambridge Works, Elizabeth Way, Cambridge CB4 1DW.
Telephone: Cambridge 561351. .

or Mrs C Dawe at

Colne Valley Road, Haverhill, Suffolk.

Telephone: Haverhill 4422,

lQ; Pye Telecommunications Ltd
’ b

A memberof the Pye of Cambridge Group

.2802
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BRUNEL UNIVERSITY

COMPUTER SCIENCE

ELECTRONICS TECHNICIAN

is required from 1 August 1973 for con-
struction, modification, maintenance and minor
development of Digital and Analogue equip-
ment. '

This is a new post; experience of Digital or
Analogue apparatus is desirable . but not
essential but a good grounding in electronics
with some experience of service work s
essential.

Applicants preferably over 30, should possess
a minimum of ONC or equivalent and/or sub-
stantial relevant experience.

Salary in the grade 4 scale, £1,728—£2,028
plus £90 London Weighting.

Postcard for application form and further
details to Establishment Secretary, Brunet
University, Uxbridge, Middlesex or telephone
UXBRIDGE 37188, extension 40 - (quoting
reference CS/7). Closing date: 2nd july 1973,

2698

Workshop Service Engineers

to repair calculator printed circuit boards. Good
basic electronic knowledge required and experi-
ence in a Service Department. Salary £1,750 plus
and L.V.’s.
Apply to:- Mr. V. Knight,
Automatic Business Machines Ltd.,
Wyfold Road, Fulham, S.W.6.

Tel: 385 3311 [2695

'RADIO/AUDIO ENGINEER

(CONSUMER ELECTRONICS )

——FOR NEW ZEALAND ——

A versatile man is required with some experience-in all or mast of the following
aspects; Component approval, development of mechanical chassis and
presentation items as well as circuit development, a commercial appreciation
of cost methods, industrial processes such as surface finishing of various
materials. and plastic moulding.

Appropriate formal qualification would be an advantage but
broad and proven experience is considered most important.

This position should appeal to a man who prefers /é *\\“\
responsibility over a wide field rather than confinement to a// § \\
narrow séction of development engineering. // S \\\\\

N

All applications will be carefully considered and suitable
applicants will be interviewed by Thorn Consumer Electronics
Ltd., formerly British Radio Corporation Ltd., Enfield, Middlesex.

The man-finally chosen will travel to New Zealand by air
under the New Zealand assisted immigration scheme for
which all arrangements will be made by us.

. AvAus
Applicants should write giving full details of experience, AA
marital status etc., to:

THORN RADIO INDUSTRIES N.Z. LTD.,

THE CITY UNIVERSITY

ElECTBONIgSJEgHNICIAN |

required immediately in the Educational Services

Unit. It is expected he will have had experience

in all forms of audio visual, audio recording,

sound amplification and CCTV  equipment,

including video tape recording. Duties will include;

(a) Construction and modification of electronic
equipment.

(b) Testing of equipment. a .

(¢) Maintenance and adjustment of audio visual
and CCTV equipment. . .

(d) Assist in maintaining a comprehensive audio
visual service within the University,

(e) Ability to project film up to professional
standard.

Salary within the range £1,539-£1,794 plus £175

London Allowance, :

Closing date: 29th June ]973.

Further details and application form can. be

obtained from The Personnel Officer, The City

University, St. John Street, London, ECIV[ ;BP;]

THE HATFIELD POLYTECHNIC

TECHNICIAN

for Psychological Laboratory

for maintenance and construction of
a variety of electronic and other
equipment.
Applicants should preferably hold an
appropriate intermediate or National
Certificate or City and Guilds quali-
fication. !
Salary scale: £597—£1,143 per annum.
Application form and further details
from The Staffing Officer, The Hatfield
Polytechnic, PO Box 109, Hatfield,
Herts ALIO 9AB. :
Please quote ref: 266/WW.

[2789
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OPPORTUNITIES IN ADVANCED TECHNICAL TRAINING

APPLICATIONS ARE INVITED FROM
ELECTRONIC ENGINEERS OR TECHNICAL INSTRUCTORS WHO HAVE

(a) Awide knowledge of electronics and computer techniques.
(b) Experience in, and a flair for, trouble-shooting modern Digital hardware.
(c) An interest in the education of young technicians and enthusiasm for transferring to
them a significant amount of (a) and (b) above.
The positions wili entaii both formai instruction and convincing operational demonstrations
before perceptive and conscientious students. An inventive and flexible approach will be
required.
These advanced positions, which include some responsibility for the career development of
students, will carry an attractive salary. ,
Applications to the Personnel Department,
DIGITALEQUIPMENTINTERNATIONALLTD.,
Industrual Estate, Galway, Ireland.

'

llE A NORTHWICK PARK HOSPITAL AND CLINICAL RESEARCH CENTRE
Wandsworth Watford Road, Harrow, Middlesex, HA1 3UJ. Tel: 01-864 5311

Technical College

Wandsworts High Stcer, London, ELECTRONICS TECHNICIANS
SWi8 2PP

LEVISION STUDIO 1. A Technician to service_and calibrate a wide range of equipment used for medical, surgical and
TE b engineering purposes. The successful applicant will work closely with medical and other
professional staff.

* Salary—Grade Hi: -£1,728-£2,202, under review.
enlo' 2. A Technician with duties similar to those described above who will be working under some
supervision,

Salary—Grade 1V: £1,548-£1,953, under review.

' - The hospital is new and closely allied with the Clinical Research Centre. In 1974/75 there will be
over 900 beds. Good staff facilities and a pleasant working atmosphere. Active social club. Temporary
accommodation may be available, '

Further particulars and application forms, returnable by July 23rd, from Mrs. J. Mocore, Ext. 2202.

up to £2,109 —

to be responsible for the general management
of a large new Iwci{l equipped Television
Studio and Contro oom.

He will be assisted by a Technician and RAD'O QFFICE Rs
will be responsible to the Vice-Principal.

The Scnior Technician will be required to
become fully conversant with all the equip-

ment and to assist users to operate it. Post
Ref. IST. DO

PMG 1. POSSESSION OF ONE OF THESE
YOU PMG 11, QUALIFIES YOU FOR CONSIDERATION

R . MPT FOR A RADIO OFFICER POST WITH
ec nlclun HAVE 2 YEARS OPERATING EXPERIENCE,. COMPQSITE SIGNALS ORGANISATION.

up to £1,788

On satisfactory completion af a 7 month specialist training course, successful applicants are paid on

Salary: .. . . .
Senio}:’ Technician—on a scale within the a scale rising to £2,627 pa; commencing salary according to age — 25 years and over £1807 pa.
range £1,62§ - £2(,1019 with star}igg point ang During training salary also by age, 25 and over £ 1350 pa with free accommodation.

maximum dependant on qualifications an P . : :

experience (plus £90 London Allowancey, The' ft_Jture hplds good opportun'xtles for established status, service overseas and prqmqnon. )
Technician—on 2 scale within the range Training courses commence at intervals throughout the vear. Earliest possible application advised.
£1,248 - £1,698 with starting point and maxi- Applications only from British-born UK residents up to 35 years of age (40 years if exceptionally
mum_dependant on age, qualifications and well qualified) will be considered

experience (plus £90 London Allowance), Full detai X :

Conditions include a basic 362 hours per ull details from:

weellé with possibly some evening and overtime Recruitment Officer

WOrK. i 3

Further details and application form from the Government Col;n munications Headquarters

Senior  Administrative  Officer;  completed oom A/1105

forms to be returned within 2 weeks of Priors Road Qakley Cheltenham Glos GL52 5AJ

g;blication of this advertisement, Post Ref. Telebhone Cheltenham 21491 Ext 2270

12659




APPOINTMENTS

If you have experience in the elec-
tronics industry, radio or T.V. main-
tenance or in the Services, we can offer
you a progressive career in a Production
Test Department here at Marconi
Communication Systems in Chelmsford.

As a leading company in the field of
Colour T.V. Systems, Line Transmission
Equipment and Radio'Communications,
we can provide a wide variety of interest-
ing work. There are excellent career
prospects; many of our senior personnel

Careers in Colour TV Systems
and Radio Communications

doubt your suitability, come along and
talk to us about your career development.
Training will be available where
necessary, together with day release
facilities for young people.

Please write with full personal and
career details to R.S. Ransom, Marconi
Communication Systems Limited, New
Street, Chelmsford, Essex, CM1 1PL,
quoting ref WW or telephone Cheimsford
53221, extension 498.

2820
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started their careers with us in a Test
Department.

You may be currently working in a
dull, routine job in electronics, such as
bulk production testing or domestic
repair work, or you may feel that your
future progress is limited. Even if you

A GEC-Marconi Electronics Company S

SENIOR
ELECTRONIC
ENGINEER

required for circuit development. Experience
of nanosecond pulse circuitry, design and
familiarity - with image converter devices
would be an advantage. Several years’ con-
tinuous experience in electronic circuit design
is essential.

Qualifications of HND or HNC or equiva-
lent required. Salary negotiable according to
experience and qualifications.

We are a small specialist company manu-
facturing advanced scientific instruments.
Very good working conditions in a pleasant
rural area 25 minutes from Central London.
Contributory pension and free-life insurance
scheme. Excellent canteen facilities.

Apply:

JOHN HADLAND (P.I.) LTD.,
NEWHOUSE LABORATORIES,"
Bovingdon, Hemel Hempstead, Herts.
Tel. Hemel Hempstead 832528,

[2816

H.M. PRISON AND BORSTAL SERVICE

VOCATIONAL TRAINING INSTRUCTORS

(Civilian Instructional Officer, Grade Iil) :

All applicants should have served a full apprenticeship or have had equivalent recognised
training followed by at least five years industrial experience in the Radio and Television
and/or Electronics servicing industry. City and Guilds Certificate (or equivalent) is desirable.
Teaching or instructing experience are added advantages.
RADIO AND TELEVISION SERVICING posts at:
H.M. PRISON, AYLESBURY, Bucks. H.M. PRISON, LEWES, Sussex.
H.M. PRISON, THE VERNE, Portland, Dorset.

Duties : The successful candidates will train inmates in Radio and Television servicing and’
prepare them for City and Guilds examinations.

Salary : The commencing salary at age 28 or over is £2,082 (slightly less if younger), rising
to a maximum of £2,514. The posts are pensionable with prospects of establishment, i.e.
permanent appointment.

Hours : A 40-hour, 5-day week is worked with 4 weeks and 2 days annual leave in addition
to the usual 9 public and privilege holidays.

Write for Application Form to: The Establishment Officer, Home Office, Personnel and
Administration Department, Portland House, R.10/10 (7TI), Stag Place, London, SWIE
5BX, stating for which post you apply. Closing date for the receipt of completed application
forms: 29 June 1973. (2804

DESIGN ENGINEER

20-30 year old General Electronic
Design Engineer with some experi-
ence 'in. Antenna design required for
small expanding Company.

Must be capable of working by him-
self.

He should be willing to assist on test
supervision and occasional visits to
customers.

Please apply to:

Mr. D. A. R. Wallace — Managing Director,
Antenna Specialists UK Limited,
Thame Industiial Estate, Bandet Way,
Thame, Oxfordshire. Tel: Thame 3621/2

INSTITUTE OF GEOLOGICAL SCIENCES

GEOPHYSICAL INSTRUMENT TECHNICIAN

(P & TO IV)

required to assist in the maintenance, field trials, operation and development of
complex geophysical instruments for use on land, at sea and in boreholes.
Although based at Acton, field operations range over the British Isles and UK
Continental Shelf and duties may also include short visits abroad.

Candidates must have ONC or equivalent in Electrical or Mechanical Engineer-
ing and have served a recognised apprenticeship.

Present salary £1,555 (at 21)—£1,940 (at 28 or over on entry)—£2,180. Subsis-
tence is paid for field operations. Non-contributory pension scheme and pros-
pects of promotion.

Application forms available from Establishment Section, Exhibition Road,
London SW7 2DE. Telephone 01-589 3444, Please quote Ref.
P & TO/AGU/73. :

[2697

BRITISH
ANTARCTIC SURVEY

RADIO TECHNICIAN

required, three-year contract in Stanley,
Falkland Islands. Qualified to ONC Tele-
communications standard, experience of
teleprinters advantageous. A knowledge
of medium and high-powered HF trans-
mitters and good general workshop ability
with HF equipment. Officer will be
required to carry out aerial farm main-
tenance as part of his duties. Salary at the
rate of £1,379 per annum in the scale of
£1,379, £1,443, £1,487, £1570, £1,634,
£1,745, £1,798. This scale is currently
under revision,

Apply to:
BRITISH ANTARCTIC SURVEY,
30 Gillingham Street, London, S.W.1

Tel: (01)-834 3687
[2817
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SAMUELSON FILM SERVICE
LTD.,

LONDON, N.W.2
require an

ELECTRONIC
ENGINEER

TO MAINTAIN PORTABLE
RADIO TELEPHONE
EQUIPMENT

Applicant must have a wide
experience of fault finding and
testing in this field.
Qualifications, while desirable,
are not as important as practical
proficiency.

PENSION SCHEME
SALARY NEGOTIABLE
Telephone General Manager,
01-452 8090, Ext. 248

[2790

UNIVERSITY OF EDINBURGH

Department of Mechanical Engineering
Applications are invited for the post of

ELECTRONICS TECHNICIAN (TG5)

tenable from Ist August, 1973. The appointee
will be expected to service the electronic
equipment already in the Department, and to
design and construct, using modern techniques,
specialised equipment needed for research and
teaching purposes. The possession of a H.N.C,
may be an advantage.
Salary scale: £1,881-£2,241 per annum,
Applications in writing, giving full details of
experience and qualifications together with the
names of two referees, should be sent, as soon
as possible, to the Secretary to the University,
Old College, South Bridge, Edinburgh, EH8 9YL.
Please quote reference 2034.

{2805

ABILITY

IS THAT YOUR MIDDLE
NAME ?
Then come and join us at
TELENG,
we need you

JUNIOR & SENIOR
ELECTRONIC
DEVELOPMENT
ENGINEERS

are urgently required for our expanding
" UHF/VHF Television Distribution Laboratory.
Write or phone for an immediate interview
(which can be arranged outside normal
working hours if necessary) to:

Mrs. V. NELSON,

Personnel and Training Officer,
ARISDALE AVENUE, SOUTH OCKENDON,
ESSEX, Tel: South Ockendon 3477

[2818

M APPOINTMENTS

Electronics
' Engineers

for today’s career using
tomorrow’s technology.

As a Field Engineer with ICL, Europe’s premier.
computer company, you can build yourself a rewarding
and profitable career, with excellent prospects.

We start you off with a paid-training course :
of up to six months that adds the necessary computer
knowledge to your electronics experience. You
leéarn how to use computers, deal with their
operational problems, and maintain them and keep
them running smoothly. .

Then you go out into the field—to consolidate
your training and become a complete professional,
working unsupervised, with the most sophisticated
equipment in the best possible conditions. And
you’ll be highly involved with our customers—
right up to top management. Often, you will be
the principal day-to-day contact. i

The money is really. attractive. You can pick up
409, extra for any work done after 6 pm and before
8 am—without even.having to do any overtime!

Aged over 21, you'll need to have FINC or
C & G in electronic engineering, coupled with some
industrial experience, or a Forces training in
electronics. We will also be looking for important
personal qualities like tact, adaptability,
resourcefulness. .

There aré opportunities of starting with us
in several areas in the UK. Get the full details now
by completing and returning this coupon today.

To: Mr A E Turner, International Computers Limited,
l 85/91 Upper Richmond Road, Putney, London SW15 2TQ.
" Please send me an application form for job openings

|  inField Engineering.

l Name '
{ Address I
| International I
| Computers l

WW—101 FOR FURTHER DETAILS

A leading Radio Manufacturer in
JOHANNESBURG, SOUTH AFRICA
requires several experienced

FACTORY SUPERVISORS

AS WELL AS

RADIO TECHNICIANS

-with good knowledge of Radio & Tap'e Recording circuits

For further information, please apply in writing, giving details of
qualifications and résumé of career to:—

MR. G. MOSER,

Factory Manager,

TELTRON INDUSTRIES (PTY.) LTD.,
11, RICHARD STREET,

SELBY, JOHANNESBURG,
REPUBLIC OF SOUTH AFRICA.

[2614




* *x ARTICLES FOR SALE * *

For££’s more profit

just look at these prices!

Big Savings on S
Valves Type Price Type Price Type Price Type Price Type Price
Goods PY 88 25.5p AF 139 7 15 8 BF 258 40p N 60 4p
Type Price PY 500A S4p R o Be 13 R4 BF 337 28p OA 202 71
oY & 24p PY 800 24.5p AF 180 40p BC 173 i8p BFY 50 22p ocC 7| I5p
DY 802 24p PC 900 22.5p AF 181 40p BC 1738 20p BFY 51 20p oCcT72 15p
EB 91 14.5p Semi-Conductors AF 239 45p BC 18201 12p BSY 52 25p BU 105/02 £1.70
ECC 82 25.5p AC 127 ~Tsp BA 145 tap BC 183L 12p BY 126 tip 25C1172B £2.00
EF 80 27p AC 128 12p BC 107 10p BC 214L I5p BY 127 I2p R2008B £1.70
EF 183 31.5p AC 141K 30p BC |og8 9p BD 124 70p E. 1222 30p R20i08 £1.70
EF 184 31.5p AC 142K 30p BC 10 1p BD ‘131 45p
EH 90 285p AC 151 20p BC 113 22p BF 115 20p EHT RECTIFIER TRAY ASSEMBLIES
PCC 89 34p AC 154 18p BC 116 22p BF 160 20p Type Goods Price
PCC 189 35.5p AC 155 16p BC 117 20p BE 167 17p ITH Decca Col. £4.25
PCF 80 29p AC 156 19p BC 125B 18p BE 173 20p 2TQ 1400 + 950 Mk 1l £1.75
PCF 86 35.5p AC 176 BC 132 25p BF 178 15p 2TAK 1500 5 Stick £1.90
PCF 801 39p AC i87 BC 135 20p BF 179 40p 2DAF 1500 3 Stick - £1.70
PCF 802 35p AC 187K BC 137 25p BF 180 30p 2HD 950 3 Stick Ml £1.65
PCL 82 34p AC 188K BC 138 40p BF 181 30p TCQ Pye/Ekco £3.35
PCL 84 28.5p AD (42 BC 142 26p BF 184 2ip 12 MONTHS GUARANTEE
PCL 85 32.5p AD 149 sg ::3 30p BF 185 20p
PCL 86 32.5p AD 16l B 1A 8p BF 194 8p
PFL 200 44.5p AD 162 BC 147B 8p BF 195 iSp COLOUR TUBES )
PL 36 49p AF 114 BC 148 8p BF 196 20p | Type Goods Price
PL 84 22p AF 115 BC 149 12p BF 197 i7p 19" A49/191X C.C.R.T. £38.70
PL 594 Fip ﬁ: !I:s gg :g: 20p BF zog §§p 20” 510DJB22 C.C.R.T. £39.80
PL 508 53.5p 7 20p BF 21 P
e S AF 118 8C 157 ton BE 224 e FULLY GUARANTEED

Valves packed individually subject to
settlement Discount 59 of “Goods”” content
7 days and 2%, monthly.

New Price List from 28th April 1973

Combined Precision Components (Preston) Ltd.
194-200 North Road, Preston PRI 1YP
Telephane 55034 Telex No. 67129

“AGENTS FOR TOSHIBA”

& |.|||'

PRICES SUBJECT TO 109 VAT 83

A1679 PULSE GENERATOR

% TILOUTPUT

% 10 HZ10 MHZ OUTPUT

*  50mS 50nS PULSE WIDTH
% SINGLE SHOT FACILITY
% LEDINDICATOR

Trampus elecironin

Add 10% VAT te prices. All Brand New &
Money Back Guaranteed.

DIGITAL INDICATORS 7 seg. DP 5v Filament
type & socket £1.45. LED TYPE 1" 0-9 DP 14 pin
DIL £249. 4+ £2.29 ea 6+ £219 ea 10+
£2.15 ea. 4 DIGIT LED Dil/magnifier £11.

'LIGHT EMITTING DIODES & data 1" DIA
type & panel clip RED 33p. GREEN 73p.TIL209
'g" DIA red -26p. INFRA RED £1.10. Opto
isolator £2. TGS308 Gasfsmoke detector £1.69.
ULTRASONIC TRANSDUCERS £2.

INTEGRATED CIRCUITS with data if req.

TVs COLOUR TVs

reserviced, perfect working order, repolished.

19in. DECCA ........ £110 25in, DECCA......... £125
18in. G.E.C. 2028 . £115 25in. RBM PHILIPS... £130
19in. THORN 2000 ... £120  25in. THORN 2000 ... £135
One month comprehensive written guarantee.
These are cash and collect prices.
Delivery quotations by phone.

MONO UHF

Fabul! TVs. No v

This versatile unit can be used for a wide range
of applications both amateur and professional.

* PRICE £22.25 inclusive of P.P. and VAT.
Obtainable Oniy From

, from good source.

- - -
Re%ollxshed cag»&rlse'_('sTMa1n4y \tljorlglgeg.mreecgrr{} trans?‘;’o&zed .
models, inc. 5 : iC bgl dl Cldc INTEGRAL SYSTEMS
style 70 and 210; PYE and EKCO 868 chassls THORN 950,
1400; G.E.C., CONCORDE from £12 eac o B o 6, GREYSTONE AVENUE,
Valve UHF models inc. BUSH Push bu\ton, THORN 850, MOSLSI chip, 28 pin, 4 or 6 digit, 12 or 24 hr at flick of switch. Chip with DIL EVINGTON
SOBELL 1000, etc, Prices start at £5. socket £13. PCB £1.69 KITS. 4 digit £21.49. 6 digit £25. 1C LITE SWITCH Y
11-20v-40 ma selay/TTL drive. Photo ampitrigger/driver 87p ea. 10+ 77p ea. LEICESTER. 2782

UHF TUNERS

For FERGUSON 850, 900 chassis_but adaptable for most
DISTD chassis £2.50 each. C.W.0. Poslage included.

Send S.A.E. for lists of tubes. TVs,, valves, etc,

For Engl Trade 1043 Leeds Road,
Bradford Tel « Bradford 665670.

For Scotiand, Trade Disposals, Unit 5, Peacock Cross
Industrial Estate, 32 Burnbank Road, Hamilton.
Tel.: Hamilton 29511/2

NEW FROM ELBON

L.E.D.’s (Red Emitting) Ideally suited for panel indicators
Price onty: 33p each or £2-50 for 10

Light SENSITIVE SWITCHES

Two types available giving wide operating voltages:
LITE-IC2 11V-20V working - £1 each-£8+50 for 10
LITE-IC3 20V-30V working - £1 each-£8°50 for 10

Applications include: Relay, Triac or Logic Drive,
automatic light switching and door control, beam. break
detection —burglar alarm, batch counting and code reading.

BARGAIN PACK!
2 LITE-IC2, 2 LITE-C3 and 5 LED's all for £5:00

ALL PRICES INCLUDE VAT, PACKING AND CARRIAGE

Please send C.W.0. to:
LITE-IC,ELBON,

SUMMERFIELD, THE CRESCENT, WEST WITTERING, SUSSEXJ

Photo amp only 39p. IC DIGITAL VOLTMETER £12. DVM P MPX £6. Data
booklet 39p. 741 DIL 8 pin 28p. 709 19p. dil 29p. 710 33p. 748 289p.
REGULATORS 13A 5 to 20v £1.49, 723 §7p. 555 TIMER B9p. ZN414
RECEIVER Fenanti £1.19. Dual Pre amp £1.67. 3.5W AF AMP £1.24. STEREQ
DEDDDER iC FOR FM TUNERS MC1310P £2.69. KIT £3.45,

'] qn TTL BRAND NEW
w 100+ LESS 10%
i

Gates 7400/1/2/3/4/5/10/20/30/40/50 etc 14p ea. 7413 27p. 7441 73p.
7447 99p. 7470, 7472 28p. 7473. 7474 36p. 7475 60p. 7476 32p. 7490 53p.
7482 67p. 7480 §9p. 7483 £1.10. 7486 37p. 7493 73p. 7494 83p. 7495 B3p.
7496 88p. 7412t 45p. 74141 98p 74190/91/92/93 £2.38. 74196 £1.59.
© MDS logic in new lists. DIL PLUGS/AC case 10mm high 16 pin 35p.

DIL SOCKETS low’high profile 8/14/16 pin 13p 100+10p ea. SEMICON-
DUCTORS 25+ less 10%. ZENERS, BZY88 400 mW 7p, IN4001 32p. INO14 3p.
50v 1A Bridge 23p. 2N3055 40p. BC107 8p. BC108 gp. BC109 By, BL147/8/9
10p. BC167/8/3 13p. BC17783 15p. BC182°34 10p. BL212/3/4 11p.BCYT0'72
13p. BD131/2 55p. BFY50/51/52 13p. TIS43 UJT 24p. 2N706 11p. 2N2389
12p. 2N2926 og 8p. 2N3053 17p. 2N3055 40p. 2N3614 55p. 2N3702/314!
5/6/7/8/9/10/11 All Sp. FETS 2N3819 27p. 2N3B23 29p. 2N3866 UHF 59p.
SCRs 400v 1A 23p. 4A 55p. TRANSFORMERS 1A 6 & 12v £1. CAPACITORS
25¢ 16, 50, 100 uf 5p ea. 50+ 4p ea. 22pf to 0.1uf 3p. RESISTORS ;W 5%
13p ea. PRESETS Sp. CARBON POTS 12p ea. Dual 40p. Switch + 12p.

All DIN plugs 13p. ‘sockets Sp. Vero at normal price. DALO PCB resist marking
pen 69p. Copper board 12" x 6" SRBP 40p. FeC etch PAK 18p. All Antexirons atRRP.

PLUORESGENT
LIGEREDTS 12VOLT£ 2”7@

8 WATT with diffuser. on/off switch. Fully built 13" long. TRIO and CODAR
communications and Hi Fi retailers. ELECTRONIC OQRGANS imported. full
facilities from £67. ELECTRONIC CAR-IGNITION KIT PW capacitor type £6.67.
VAT customers MUST ADD 10% {.’.) ta above prices
FREE CATALIST S.A.E. DATA SHEETS 8p ea. S.A.E, P&P 8p CW0 to
PO BDX 29, BRACKNELL, BERKS.

. CARBON FILM RESISTORS
High Stab. $W ortW §%. 1p, 620/100, £4.50/1000 (2202-2M2) E12
RESISTOR KITS 102-1M E12 SERIES:
10E12KIT. 10 of each value (Total of 610) £3.10
25512KIT. 25 of each value (Total of 1525) £7.20
REE cATALOGUE ON REQU
Meial Film 1W 5% 1100 £8 25/1000
15E12 Kit (10(2-1M) Total of 9 00
C.W.0, P, & P, 10p on orders under £S. Overseas extra.
BH COMPONENT FACTORS LTD.
Dept. WW., 61 Cheddington Road, PITSTONE,
Lelghion Buzzard, Beds., LU7 9AQ. [2800

TERMS C.W.0, P, s

ELECTRONIC SUPPLIES B8 OW.O. B ¢ &
P.0. BOX 216 London, N.W2 7RH {iree. Discounts available.
*  Trade quotations. List .“;’.151

BC107 ‘10 0C45 ‘12 ME6002

BC107B 12 0C71 12 MES101 ‘15
BC108 10 MAS003 35 ME6102 17
BC108A 11 ME0401 20 MES001 ‘15
BO108B 11 ME0402 21 MES002 -18
BC108C 14 ME0404 -15 MEg003 -18
BC109 10 ME0404-1 15 ME9003 ‘10
BC109B ‘14 ME0404-2 -17 MP8111 -35
BC109C 15 MEO0411 <19 MP8112 45
BCI15 15 ME0412 -20 MP8113 -58
BC117 22 ME0413 <15 MP8512 -28
BC126 20 ME0414 ‘15 Photo Transistors
BC134 11 ME0462 25 MELI1 40
BC135 -11 ME1001 -10 MEL12 55
BC136 ‘15 ME1002 11 MEL32 -40
BO137 -15  ME2002 a1 I, C.

BO154 18 ME3001 18 MC1712¢ 195
BCY70 :17 ME4003 ‘16 MC1723CG 70
BCY71 -22 ME4101 11 TAD100 125
BCY72 ‘18 ME4102 -13 Resonator

BD137 -55 ME4103

-11  CFT470C 76
ADD 10% V.A.T. 84
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GIEGER COUNTERS (FOR MAINS OR PORT-
ABLE BATTERY USE) Latest Home Office
release and probably the last, of this well
known Contamination Mater No 1, this very
useful instrument is used for the measurement
of Radio-Activity. Indicated on an Inter-
nal Meter scaled 0.1 to 10 milli Rontgens/
Hour, a socket is alsa provided for additional
sound  Monitoring on Headphones. This
Instrument is housed in a strong light Alloy
case, placed in a carrying Haversack with
shoulder strap. Containing Cable ‘and Hand-
- held Probe, Instruction Card, plus the latest
plug in Vibrator Power Unit. Which uses current small Transistor Radio Batteries
{14 Mallory Long Life RM12 or4 EverReady H.P.7 or Equivalent makes) for Mobile use
anywhere. {Cost Gov approx £70 each) Supplied Brand New in Cartan only £5.50p car.
50p. An Additional plug in Power Unit for Laboratory use, operating from 100— 120
volts or 200 — 250 volts A.C. Mains is available. Supplied Brand New In Cartn at
only £2.50p ‘Post 25p Headphones (not necessary} it required £1.50p.
EDISWAN STABILISED POWER UNIT TYPE R1280.
2 Independent adjustable autputs, (1) 0-300V 150 m/a, (2} 0-300V 75 m/a, 2 Squere
Type Meters used, one for each autput, an additional output of 200V, plus 2 L.T.
outputs of 6.3V at 4 amps C.T. enclosed in Metal case made forRack Mounting size
18in. x 8gin. x 17in. £15, carr. £2,
REGULATED POWER SUPPLY MODEL 506. Made by
All Power Transformers Ltd., output adjustable 200/500V D.C. 350 m/a, and 6.3V
at 10 amps, plus unregulated output. One square Meter indicating Output current
and voltage, Housed in Metal Case. made for Rack Mounting. Size 19in. x 104in.x
13in. Price £15, carr. £2.
EDDYSTONE COMMUNICATIONS RECEIVER 730/4.
Just released, BFD, AF Filter, Crystal Phasing, Variable switched Selectivity,
Crystal Calibrator etc, 15 Valves. AC. Mains operated, Range 30 mc/s to 480
Kefs over 5 Bands. Pice as received from Ministry, cumplete in good condition
£47. 50p or checked and tested £55 carr. £2.50p.
BELL AND HOWELL 16MM SOUND PROJECTORS
MODEL 631. Recent Home Office release, complete in catrying case, with
Film Reels, Speaker and (ead, Mains Transformer. In very good condition £77.
50p cair. £2. 50p.
ADVANCED CHASSIS MOUNTING - POWER UNITS.
Output 24/28V 10 amps, £10, carr. £2,

JOHNS RADIO
424 Bradford Road, Batley, Yorks.
Phone: Batley 7732

Enquiries S.AE. VAT. 10%, Terms EW.0. or uncrossed Postal Orders as same
wili g TEIUINed 1T youus die cut ul STUCk.

Economise on Semiconductors
All Prices include VAT
14

10+ 254
LED red Hewlett Packard 32 30 28
709C Op Amp 8 or 14 pin DIL 32 30 28
723C Regulator 14 pin-DIL 70 65 62
741C Op Amp 8 pin DIL 34 32 ‘30
748C Op Amp 8 pin DIL 37 35 33
B 108 109 8 7.5 7
7400 02 03 17 7413 27 7474 38
7404 05 18 7441 90 7476 47
7410 20 30 17 7473 43 7490 92 93 5
BC109C 9 BC212 1 1N4002 6
BC177 13 BC214 11 IN4004 7
BC178 13 BF2448 27 IN4148 5
BC182 1 2N3055 47 BZY88C—
3V3-15V 10

BC184 10 IN 5
TAD 100 Radio IC + IF Fllter and Data £1-40p.

5% 1/3W High stability Carbon film resnstors 10-1M

E12 values 1p eac. 10 mixed 9p. 10 same 8p.
P. & P. 5p. Prices include VAT. Return of Post Service.
All ‘'goods new full spec. devices. All linear IC's include
Data 10% Discount where priced not given. SAE enquiries.

SILICON SEMICONDUCTOR SERVICES
“D ble Road, Caddingt: Luton, LU1 ““.(2690

——PRECISION

POLYCARBONATE CAPACITORS
Fresh stock - Fully tested

Close tolerance capacitors by well-known manufacturer,
Good stability and very low leakage. All 63V d.c.
0-47uF: +59 + 40,

% 30p; 2% p;  +1% 50p
1-uF: 5% 40p; +2% S0p; 1% &0p
2-2uF +5% S0p; +2% 60p; +1% 75p
4-TuF +5% 0p; +2% 90p; +1% 115p
6-8uF: 5%  95p; +2% 115p; 2=1% 150p
10uF :I;S% Wp; 25 40p; :ﬂﬁ 1!0p

5%
NEW’ TRANSISTORS BC 107, ac 108 BC 109. AIl at
9p each; 6 for 50p; 14 for £1-00. All brand new and marked,
May be mlxed to qualify for lower price. AF178 at 35p each;
3 for
POPULAR DIODES. IN914 at 7p each; 8 for 50p; 18 for
£1:00. IN916 at 9p each; 6 for 50p; 14 for £1- +00. 1544 at 5p
each; 11 for 50p; 24 for £1-00. All brand new and marked.
SPEC OFFER 00 MW ZENERS. Values available
47, 56 68, , 82, 911,10, 11, 12, 13'5, 15V, Tolerance
+5% at 5mA. All new and marked Price 9p each; 6 for 50p;
34 for £1-00 SPECIAL 6 off EACH Voltage (66 ZENERS)

£4.25.
RESlSTORS—Carbon film 5% % watt at 40°C. Range from
220 to 2-2MQ in E12 Series, i.e. 10, 12, 15, 18, 22, 27, 33, 39
47, 55, 68, 82 and their decades. High stability, 10w noise
—All at 1p each: 8p for 10 of any one value, 70p for 100
of any one value. Special development pack—10 off each
value 2 29 to 2:2MQ2 (730 resistors) £500.
UM BEAD CAPACITORS—Values availabie
1 022 047 1-0, 22, 4.7, 6-8uF at 35V, 10uF 25V, 15uF 20V,
ZzuF 15V 33uF 10V, 47uF 6V, 100uF 3V—all at 9p each;
6 for 50p; 14 for £1-00. Spemal pack—6 off each value (78
capacltors)
440V AC CAPACITORS—O 1F. Size 13" x 1" 25p each.
0-25uF. Size 13 X §": 30p each. 0-5uF. Slze1"' X ¥ "" 35p
each 1 OuFA Size 2% 3": 45p each. 2:0uF, Slze 2t x 1"

SILICON PLASTIC RECTIFIERS 1-5 AMP—Brand new
wire-ended DO27. 160PIV at 8p each or 4 for 30p; 400P1V
at 9p each or 4 for 34p; sooPlv at 14p each or 4 for 50p.

P.E. SCORPIO—1UF 440V a.c. capacitor listed above
as recommended by the Author for use in piace of 2 X
5-47uF 1000V d.c. discharge capacitors C6 and C7.
Improved reliability. Alternatively, 2 X 0-47uF 440V a.c.
may be supplied at 35p each. These capacitors are aiso
suitable for systems recently published in P.W, and W. W .

5p post.and packing on all orders below £5.

MARCO TRADING
DEPT. D7, THE MALTINGS, STATION ROAD, WEM

Q
Please add 10% V.A.T. to y~ur order-effective Aprl[lmi);;

THE FOLLOWING GOODS
ARE NEW UNUSED OR
NEW BOXED EX M.O.D.
STORES

BATTERIES lead acid aircraft type by Varley
24v A/hr will split to make 2 x 12v £12.10
also 24v only 4 A/hr £5. BLOWERS small
type 6/28v DC 10,000 RPM at 28v size over-
haul 6 x 3} double ended £1.79. TRIMMERS
20pf pre set airspaced ceramic base 10 for
55p or £4.40 per 100. YOLTAGE DIVIDERS
capacitive type 10 & 100 to 1 swt, 20Kv Pk
max £2.45. H.Y. CONDS, 2uf 7.5Kv WK at
60deg £4.40. COAX LEADS 3ft. with 2 C
type plugs UG710 & T piece 88p C.R.T, type
7BP7A 7in, dia flat face blue/yell phosfor
suitable sléw scan T.V. etc with base conn.
£1.73. VOLTAGE STAB mains type I/P
200/250 0O/P 240v 200Va _ regulation .25%
transistor units £17.60, SELSYNS 115v 50¢/s
size 23 x 2% inc shaft supplied with 360 deg
dial & pointer £4 per pair. TRANSFORMERS
pria 230v Sec 1125-0-1125v @ 565 Ma £7.70
pria 210/250 Sec 27v @ 4} amps £13.20.

THE FOLLOWING ITEMS ARE
EX EQUIPMENT GOOD COND

PHOTO MULTI head units with P.M.
tube, small motor with chopper disc, P.C.
90AG, meter etc £11.60. W.G, ass part
of X band pwr meter 4}in, long with
thermistor & atten £1, JOY STICK con-
trol unit gives 4 way contro]' with 1p ¢/o
micro swts £1.35, ATTEN N type 10 &
16db 4 watts £1.10 ea, POWER UNIT
t15v 50¢/s I/P O/P DC 0 to 26v @ 3
amps smoothed, adjustable from front
panel by small Variac £7.70., HELICAL
POTS 10tr 50K Beckman 88p. SERYOQ
INTERGRATORS two chan unit by Smiths
transistorised £9.80. CONDS H.V. 2uf
12.5 Kv Wk £4,50, H.F. LINEAR AMPS
Redifon type GA.406 2 to 18 Mc/s 4
chan int main P.U, etc rated 750 watts
P.E.P. supplied less valves (2 QY4-400
req) with service manual £40,15. YIDI-
CONS standard lin. type E.E. P862 &
E.M.l. 9677P graded according to scan
marks £9 & £6.

The above prices include VAT,
Carriage & Postage. Further details of
above available on request.

A. H. SUPPLIES

57 Main Road,
Sheffield S9 5HL

Telephone 444278 (0742)

12797

CLASSIFIED

BOOKS

&l ESSENTIAL BOOKS!

HOW TO MAKE WALKIE-TALKIE FOR LICENSED OPERATION.
Only 40p. p.p. 10p.
AMATEUR RADlO SSB GUIDE. A complete guide to the under-
standing, operating and i of SSB equip
£1.50 p.p. 10p.
THE GOVERNMENT SURPLUS WIRELESS EQUIPMENT
HANDBOOK. Gives circuits data and illustrations, plus valuable
information for British/USA receivers, transmitters, trans/
receivers. With modifications to sets and test equipment. Latest
impression £3.25 including postage.
DIRECTORY OF GOVERNMENT SURPLUS WIRELESS EQUIP-
MENT DEALERS. Gives details of surplus wireless equipment
stores and dealers includi dd and equij 1t that they
are likely to have available. A valuable book only 40p. p.p. 10p.
Allow 28 days for delivery as book is being ‘reprinted.
RADIO HANDBOOK. Latest impression. 974 pages. W.1. Orr.
19th edition. A comprehensive communlcatlons handbook
written especially for the radio and
Covers every aspect of amateur radio including the latest designs
and developments. £7.50. post free.
COSMIC RADIO WAVES. Start a new hobby — RADIO
ASTRONOMY. This big book of 444 pages is an ideal handbook
for the beginner and established enthusiast. Numerous
photographs and illustrations.  Publisbed by the Oxford
Universitv Press Price £2 50, p.p. 25p.
AMATEUR ASTRONOMY FOR: THE BEGINNER. (Visual astro-
nomy for the beginner) 60p. p.p. 10p.
THE SCATTERING AND DIFFRACTION OF WAVES. A gold-
mlne of information for the experimenter, amateur and
y iliustrated. Published by Oxford University
Press. Prn:a £1.60. post free.
TRANSISTOR SUBSTITUTION HANDBOOK. Gives the sub-
stitutes for thousands of European, American and Japanese
transistors. Where no substitute directly available shows how to
select a near replacement. includes over 10,000 types. £1.40.
post free.
PROBLEMS iN ELECTRONICS WITH SOLUTIONS. A must for
the student, technician and electronics engineer. Contains
349 problems,” answers and how they were atrived at. Includes
all aspects of electronics, amplifiers, power supplies. computers,
aerials, waveguides, transmission lines, 307 pages. Only

90p. p.p. 10p.

HANDBOOK OF SATELLITES AND SPACE VEHICLES. A
comprehensive working handbook that provides
important data both tabular and graphical enabling
space ienti icians  and ation

engineers to acquire a greater working knowledge of
satellite and space vehicle design, launching, orbiting
etc. Includes a detailed coverage of COMMUNICATIONS IN
SPACE. An imposing book of 467 pages. Published at
£8.20. Last dozen copies available at trade price of
£6.50 post free.

99 WAYS TO IMPROVE YOUR SHORTWAVE LISTENING.
Essential to the S.W.L. 144 pages. £1,90 p.p. 10p.

THE MODERN DICTIONARY OF ELECTRONICS. Contains
concise  definitions of more than 18,000 terms in
electronics, ication: micro-el ics, fibre
optics, semi-conductors,. computers, medical electronics.
Fully ilustrated. Essential to any collection of electronics
reference books. £6,50 post.free.

GERALD MYERS (ww), 18 SHAFTESBURY STREET,
LEEDS LS12 3BT. Bookseller & Publisher.

Callers Welcome. We are near Whingate Junction, Leeds 12.
Open 9am-8pm 7 days a week. .

PRACTICAL BOOKS

Handbook of Transistor Equivalents and Substi-
tutes, covers many 1000's of Transistors of G.B.,

A., Japan, etC.........oeursevinriinn .. 40p
Handbook of Simplé Transistor Circuits
Radic Handbook: tells how to design, build and
operate the latest types of amateur transmitters,
receivers, transceivers, amplifiers, etc. (8969p),. £6-00
PAL Receiver Servicing (280 pp)...... vrivesess E350
99 Ways to Improve your S, W Llstenlng.‘ . .

TV Line out-put transformers

Replacement types ex-stock,
For “By-return'’ servlce. contact:
London: 01-948 3702

Tidman Mail Order Lid., Dept. W.W.
236 Sandycombe Rd., Richmond, Surrey TW9 2EQ
Valves, Tubes, Condensers, Resistors, Rectifiers and

Frame out-put Transformers also stocked.
CALLERS WELCOME (90

99 Ways to Improve your Hi-Fi............. £1:50
93 Ways ta Improve your Electronic Pro]ects £1-50
101 Easy Ham Radio Projects ........... . £1-:50
Manual of Transistor Audio Amplifiers.. -40p
1-2-3-4 Servicing Stereo Amplifiers (240 pp) £2:50
How to Build Speaker Enclosures......... . £150
Radio, T.V., and Electronics Data Book. 25p
Sounﬂ and Loudspeaker Manual (96 pp)... 50p
V. Setvicing Gulde (128 op). . E2:25
101 Q. &A. about AM,FMa Ve . E175
ABC's of Electronics...... £1-50
ABC's of Transistors.... £1:25
ABC'’s of Electrical Soldering . £140
ABC's of Intergrated C:rcun(s £1-25
Colour T.V. Servicing Made . £1:25 .
Hi-Fi Projects for the l-lobbylst (128 ‘o). . £1°00
Hi-Fi Stereo Handbook........ £2:10
‘Hi-Fi Stereo Servicing Guide £175
Practical Transistor Servicing. . £190
Please add 10p for Postage and Packmg 81

WHEEL (WWJ)
41a Adelaide Grove, London, W12

ENAMELLED COPPER WIRE

S.W.G. " 1ib Reel /b Reel
10-14 £115 85p
15-18 £1145 D
20-24 £1-18 8p
25-29 £1-25 Sp
30-34 £1-30 $0p
0 SSp

35-4 £1-40
Please add 10% to all above pvlcas to cover V.A.T.
The above prlces cover n U. K. Supplied by
RIAL SUPP IES
102 P-luwood Road, Withington, Manchester 20
Tel.: 061-224-3553 85

BS 4297 PEAK PROGRAM METERS Prices June page A103

SusRE Y

Surrey Electronics, 24 High Street, Merstham, Surrey.
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SPECIALISED KITS

NEW LOW PRICES!

CBS-SQ QUADRAPHONIC IC DECODER

To Motorola application for MC1312
as described by Geoffrey Shorter (WW March 73)

Our complete kit of prof I quality p ts
includes a glass-fibre edge connected printed circuit
board and is absolutely complete, with full assembly
and application notes.

As we also design and manufacture complete stereo
and Quadraphonic systems, our wide applications
experience is available to you to guarantee professional
results,

Complete kit as described above £8-80. Assembled and
tested production board £12-10. A full logic board alse
using MC1314/MC1315 will shortly be available, as wiil
ali CBS-SQ records. Send for details.

PHASE-LOCKED-LOOP STEREO DECODER

To Motorola application for MC1310
as described in Wireless World, July 1972

1310 complete kit of professional quality including a
glass-fibre edge connected printed circuit board and
all composients.

Complete kit which can be builtin § hr. £3-74. Assembled
and tested production hoard £4-84. MA2404 Professicnal
LED 61p extra if required. Economy LED ({physically
small) 37p extra if required. A current limiting resistor
is supplied free upon request with all LEDS, Seif powered
and special versions are avaitable to order.

HIGH STANDARD
LOW FREQUENCY SOURCE
{to article by J. M. Osborne, W.W. Jan. 73)

A Phase-Locked Loop designer approved kit to profes-
sional standards with Glass-Fibre P.C. Board, and all
components including Hardware, case, etc, Full construc-
tional details from the designer are included, Reference
accurate to 2 parts in 10" Probably the most economic
high precision signal source available, Kit £24-87.
Assembied and tested version £32-15.

NE561B only £4-88 each.

HRO RECEIVERS-LAST FEW

All sets are clean, serviced and are guaranteed for 90
days. HRO Senior £18-70. HRO M £23-10. HRO MX
£26-40. These prices are inclusive of coil type JC
3-5-7-3 MHz, ideal for 4-6 MHz tuneable IF. Additional
coils are available with receivers. LF coils £1-65,
HF coils £2:20. BS coils £3-30. Purpose built new
power units £4-95. Sets are also available with power ,
unit and coils to cover the 6 HF amateur bands.
HRO Senior £29-70. HRO M £34-10. HRO MX £37-50,
Circuits and notes are supplied free with ali receivers,
Full HRO manuals available at £1-65 each,

R1475—Regret ail sets soid. Manuals £2-85. GUARD
UNITS—near mint £2-52. Others £1-75.

SPECIALIST SERVICES

Suppliers of products by Radiospares, Eagle, TTC,
Sonax, Teleradio and RSGB publications. We welcome
enquiries, irrespective of size or nature, A full technical
and after-sales-service is provided, with licensed radio
amateurs on the technical staff.

Communications acknowledged normally by return.
MAIN DISTRIBUTORS FOR QUADRASONICS, THE
PREMIER BRITISH QUADRAPHONIC SYSTEM.

NO HIDDEN EXTRAS
ALL PRICES INCLUDE VAT,
CARRIAGE and INSURANCE

ettt |

| STUDIO ELECTRONICS|

PO.BOX No.18 HARLOW ESSEX CM18 6SH ||
§ Telephone:Harlow 25457 ;
i send coupon for lists:

I
| NAME

| ADDRESS

| wwrl

Jomn o o e e e e s e it s o et e}

WW—101 FOR FURTHER DETAILS

] SITUATIONS VACANT

SSISTANT LECTURER IN MARINE RADIO

required by the College of I.M.R. Communi-
cations, Brooks’ Bar, Manchester M16 7WT for
September 1973, PMG/MPT Certificate and ability
to teach the Technical . Syllabus for same essential.
Qualifications and experience decide placing on
scale £1,360—£2,442. Write Principal stating full
details in confidence. [2701
,CITY importers of photographic and audio equip-

ment require first class technicians for servicing
electronic flash and audio equipment, Rates of pay
to be negotiable according to experience. Good con-
ditions, luncheon vouchers, five-day week. Please
phone 253 8031 Mr. Vassie for an appomtr&e_;lsté

I-FI AUDIO ENGINEERS. We require experi-
enced Junior and Seniors and will pay top rates
to get them. Tell us about your abilities, 01-437 4607.

[18
INTERNATIONAL Discotheque requires respon-
sible young electronics engineer for installation

work. Formal qualifications not necessary but must
enjoy hard work and lots of foreign travel. Tele-
phone David Payne on 01-937 1555 for imtcrgrzig\(;vé
UNIOR TECHNICIAN to assist with ciosed
circuit television and video recording, suit school
leaver, Salary scale £756—£1,416 per annum. Apply
in writing giving experience, if any, plus two refer-
ences to Dr. R. Halfam, Maudsley Hospital, Den-
mark Hill, London, SE5 8AZ. [2694
T'ECHNICAL MANAGER—Audio and Television.
The Company: Dixserve are the modern and
progressive  engineering Maintenance and  Service
Division of Dixons—the world’s largest photographic
and hi-fi retail chain.
The job: to be responsible to the Managing Director
for the organisation and control of the technical
department—to provide service data, repair and
alignment instructions and equipment performance
standards for exclusive electronic equipment, To
assess and advise upon the performance of indi-
vidual items of equipment (test equipment and lines
currently being merchandised). .
The man: the successful applicant will require good
theoretical knowlelge of electronic circuitry; prac-
tical experience of radio/electronic servicing; problem
solving. and administrative ability; experience of staff
control as well as being able to ‘‘sell’’ ideas to top
management. .
This London based job offers an attractive salary
with excellent employee benefits; a man of ability
will have first-class promotion and career develop-
ment opportunities. .
Write, in confidence, stating brief details of age,

experience and present salary to Mr' . R. Carnell,
Managing Director, Dixserve Limited, Camera
House, Victoria Road, Acton, N.W.10. {2707

{ ARTICLES FOR SALE

ARVAK ELECTRONICS. 3-channel sound-light
converters, £18. Strobes, £16. Rainbow Strobes,
£132.—12A Bruce Grove, NI17 6RA. 01-%(2)§

9096.
NALOGUE.— Solartron LM 903 A.C, YVolt-
meter [15mV—500V] £15. E. I._ L. Model
6610 Electrometer £39 [new]. Ekco type N645A Field
Ratemeter [with beta/gamma probe} £28. Kelvin and
Hughes Four Channel Recorder £12. 'General-
Purpose 14 transistor D.C. Amplifier. Five range
attenuator. £7.50. Nagra III B {1966] £360. Raymond
ffoulkes. Godstone 3106 [after midday] [2780
BRAND NEW FIBRE GLASS P.C. BOARD—NOT
OFFCUTS. Custom cut to your own specified
sizes, up to 12 x 11%in. per piece. High quality
FLAME RETARDANT approved NEMA grade
1/16in. single sided one ounce copper at just 5ip per
6 sq. in. including all VAT charges. We offer a_ first-
class service of a quality branded product. Minimum
order value 50p. Add 10p p. and p. per sq. foot.
(10p min.). Send CWO (not stamps) to S, & D.
Systems Ltd., The Ridgeway, Trading Estate, Iver,
Bucks., SL0 9HW, 1266
UILD IT in a DEWBOX quality plastic cabinet
2 in. x 2} in. x any length. D,E.W. Ltd. (W.),
Ringwood Rd., Fernwood, Dorset. S.A.E. for leaflet.
Write now—Right now. {76
ONSTRUCTION AIDS—Screws, nuts, spacers etc.,
in small quantities. Aluminium panels punched to
spec. or plain sheet supplied. Fascia panels etched
aluminium to individual requirements. Printed circuit
boards—masters, negatives and board, one-off or
small numbers. Send 6p for list. Ramar Constructor
Services, 29 Shelbourne Road, Stratford on Avon,
Warwks. 28
.CONTACT WANTED with outlet for high quality
components. Large quantities of bankrupt stock,
surplus components, transistors, caps, resistors,
tuners, audio from W. German sources, could be
reciprocal arrangement. Write SIMAC, Thames
House, Thames Street, Sunbury on Thames, Middx.

{2583
LOUR Monitor Decoder Units by leading

British maker. Designed to BBC standards,
units consist of chrominance module, P.A.L. fiiter
and delay module, luminance module and encoded
video input module. All units brand new and
complete including edge . connectors and service
manual. £30. Also complete switchable PAL/NTSC
decoder by same maker -built in a 19in. Isep rack
with power unit and sync separator. £75. Philips
monitor decoder panels Type EL6818/50F PAL
£20. NTSC £15. Advance stabilised power unit.
Type PM53, 0-15 volt at 10 amp. Brand new £35.
Savage 600 watt. P.A. amp contains 12 x KT88’s
no details. Offers B. Bamber, 20 Wellington St..
Littleport, Cambs. CB6 IPN. 2704

LOUR, UHF and TV SERVICE SPARES.

Colour and UHF lists available on request.
Varicap/Varactor UHF Tuners ELC1043 £4.50, VHF
Varicap Tumers for Band 1 and Band 3 £2.85,

Wireless World, July 1973

Salvaged Varicap Tuners £1.50, incl. Connection
Data, P/P 25p. Delay Lines DL20 £3.50, DL1 £1.50,
P/P 25p. Luminance Delay Line S0p. P/P 15p.
PHILIPS G6 Convergence Control Panel, Single
Standard, 16 Controls Switches, etc. £5.00, P/P 25p.
Philips G6 Decoder Panel incl. DLI1E, Crystal, etc.,
£6.50, P/P 30p. G8 Decoder Panels, almost com-
plete, incl, I/C, £250, P/P 25p. BUSH CTV25
surplus Time Base Units, Frame, Line & EHT, £3.95,
P/P 80p. GEC 2040 surplus Panels suitable for parts,
Decoder £3.50, Time Base £1.00, RGB £1.00, P/P
25p. Mullarg type colour Scan Coils plus latest con-
vergence coiis for electronic control of static conver~
gence £5.25, P/P 35p. PYE CT70 Colour LOPT assy.
incl. EHT output and focus control £3.50, P/P 33p.
Integrated transistd. decoder unit incl. circuits £1.25,
P/P 10p. Colour Crt. Base 25p, P/P 25p. B9D valve
bases for colour valves and PL500 series 10p, P/P 5p.
UHF tuners transistd, £2.85, incl. slow motion drive,
indicator £3.95. 6 Position transistd. push button £4.95,
UHF/VHF basic integrated tuner £3.25. Cyldon UHF
valve tupers £1.50; all tuners P/P 25p. Transistd.
UHE/VHF IF panels £4.75 (or salvaged £2.50) P/P
23p. MURPHY 600/700 series complete UHF conver-
sion kits incl. tuner, drive assy., 625 IF amplifier, 7
valves, accessories housed in cabinet plinth assembly
£7.50 P/P 50p. SOBELL/GEC 405/625 Dual standard
switchable IF amplifier and output chassis incl, cct.
£1.50 P/P 30p. THORN 850 Dual standard time base
panel £1.00 P/P 30p. PHILIPS 625 IF amplifier panel
incl. cct. £1.00 P/P 25p. VHF turret tuners AT7650
incl, valves for KRB featherlight, Philips 19TG170,
GEC 2010 ctc. £2.50, PYE miniature incremental for
II.O’to 830, Pam and Invicta £1.95, A.B. miniature
with UHF injection suitable KB, Baird, Ferguson, 5p,
Ekco, Ferranti, Plessey push button with UHF injec-~
tion £1.00, all tuners P/P 25p. New fireball tuners
Ferguson, HMV, Marconi £1.90 P/P 25p. Large
selection LOPTs, Scan coils, FOPTs availabie for most
popular makes. PYE/LABGEAR transistd. Masthead
UE’F kBgosber £5,25, Power unit £4.25 P/P 25p, or
setbacl attery operated UHF booster £4.25 P .
MANOR SUPPLIES, 172 WEST END /{Aﬁg,
LONDON, N.W.6 (No. 28, 59, 159 Buses or W.
Hampstead Bakerloo and Brit  Rail). MAIL ORDER:
64 GOLDERS MANOR DRIVE, LONDON, N.W.11
Tel. 01-794 8751, 160

IGITAL.—Hewlett-Packard six speed tape loop

unit, type 3900 £75 [new] Digital Development
Corporation magnetic memory drum, type 10425
about 5 mega-bits complete with electronics £300,
L.B.M. 6420.56425 accounting computer [includes two
golfball printers] . £125. Friden Flexowriter {two
case] £85. Ekco six-digit Counter-Timer type M5024
[third generation] £45. C.D.C. tape transport £15.
ELECTRO-VQICE microphones, communications

and professional, antenna hardware, toroid
cores. Large S.A.E. T.M.P. (Electronic Supplies),
Dept. WW. Administrative address 3 Bryn Clyd,
Leeswood, Mold, Flintshire. CH7 4RU. [2793
ETCH your own printed circuits with The Prestonian
— project three etch kit. (Includes chemicals for 2
pints of etching flued), £1.75 (inc. VAT), P.&P. 16p.
Strictly cash with order. Prestonian Electronic Services
Ltd., 14 Cambridge Road, St. Albans, Herts. Tel.
St. Albans 62465, [2815

GLASS FIBRE_ P.C. BOARD large supplies avail-
able. 1/16 in single sided one ounce copper
2p per 3 sq. inches (under 1 r1t). 75p per sq. fit.
(over 1 ft). 1/16 in double sided one ounce copper
1p per sq. inch (under 1..ft). £1 per sq. ft, (over
‘1 ft). Please add 10p per sq. foot postage and pack-
ing. We can cut to your size at Ip per cut. Solid
State Lighting, The Firs, Smallworth Lane, Gar-
boldisham, Diss, Norfolk. [16

RINTED Circuit Board in 6 widths: 2 in., 24 in.,
& 3in., 3% in, 4 in. and 5 in. x any length; 1/16
in. single-sided fibreglass, 2p per 3 sq. in. Double-
sided 1p per sq. in. P 5p per order. SAE
quotations for other sizes and quantity discounts.—
J. Knopp, 11 Connaught Gardens, Braintree, Essex,
CM7 6LY. Tel. Braintree 25254, {15
‘SCOPES. Very special offer. All serviced by Tele-

equipment and in perfect condition. S43 single
beam 15 Mec. bandwidth 8, £75; D51 double beam
643 Mc. bandwith 8, £65; D52 double beam 6 Mc.
bandwidth 8, £80; D43 double beam 15 Mc, band-
width 8, £90. Phone 01-886 9666. [2783
VACUUM is our speciality, New and second-hand

rotary pumps, diffusion outfits, accessories,
coaters, etc. Silicone rubber or varnish outgassing
cquipment from #£40. V. N. Barrett (Sales) Ltd.,
I Mayo Road, Croydon. 01-684 9917. 124

HF KIT 80-180 mHZ receiver, tuner, convertor.

Transistorised, remarkable performance. £4 or
s.a.e. for literature Johnssons (Radio), St. Marting
Gate. Worcester, WR1 2DT {13

. ARTICLES WANTED

ATCH Production Wiring and Assembly to
sample or drawings. Deanc Electricals, 9B
Station Parade, Ealing Common, London, W.5. Tel:
01-992 8976. 20
TV’S UHF, dual standard, working or not, re-
claimed, ex-rental, untested, anything service-

able, offers. Box No. WW 2814,
WANTED. Computer PDP11/10 or 20 minimum
4K core store; also high speed tape reader,
punch and printer. Also Argus 600 memory 1K x 8

bit. Box No. WW 2812.

WANTED, all types of communications receivers
and test equipment.—Details to R. T. & L
Electronics, Ltd., Ashville Old Hall, Ashville Rd.,
London, E.1l. Ley. 4986, [63
ANTED.—Very early hi fi loudspeakers to
-build a museum representing progress from
the start of sound reproduction up to 1950 approxi-
mately, Rogers Developments (Electronics) Limited,
4-14 Barmeston Road, London, SE6 3BN  [2693
Please find more Classifieds on page 107
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TRANSFORMER LAMINATIONS enor-
mous range in Radiometal, Mumetal and
H.C.R., also “C"" &."E"" cores. Case and
Frame assembli€s.

MULTICORE CABLE IN STOCK
CONNECTING WIRES

Large quantities of miniature potentiometers
(trim pots) 20 ohm to 25K, Various makes.
Wholesale and Export only.

J. Black

OFFICE : 44 GREEN LANE, HENDON, NW4 2AH
Tel: 01-203 1855.  01-203 3033
STORE: LESWIN ROAD, N.16
Tel: 01-248 2260

‘SERIES 7 AMPLIFIERS’

for uitimate reliability and
coolest running

GRAMPIAN REPRODUCERS LIMITED
Hanworth Trading Estate, Feitham, Middiesex.
Telephone: 01-894 9141,

Lodge Trading Company

For Amplifiers, Speakers with and without
cabinets, Changer Units, Plinths and
Covers, Tape Recorders, four and eight
track for car or home, Car Radios, Colour
TVs, Aerials, Flex, and Cables, Large
stocks of components.

ALL AT WHOLESALE PRICES

A VISIT WILL SAVE YOU MONEY
5 Day Week 9-6. Easy Car Parking.

Sorry no lists.

21 LODGE LANE, N. FINCHLEY, LONDON, N.12
01-445 2713, 01-445 0749

TRANSFORMERS

DOUGLAS GUABANTEED
(Prices include 10% VAT and P. & P.)

12 or 24 Volts

Output V. & Amps. Ref, No. Price

12Vx2 250mAx2 MT 111 C8*+ .. . £1-15

12Vx2 500mAx2 MT 218 CT*t .. .. £1-56
12Vx2 1Ax2 MT 71 ATt .. .. £1.97

12V x2 2Ax2 MT 18 AT . .. %270

12Vx2 3Ax2 MT 70 AT .. .. £3-34

12Vx2 4Ax2 MT 108 AT .. . £3-74
12Vx2 5AXx2 MT 72 AT . o £4-30
30 volts All tapped at 0-12-15-20-30V. .

Output  Ref Price Output Ref, No. Price

Armps. Amps,

500 mA MT 112 CT £1.47 4A  MT21 AT £4-02

1A MT 79 AT{ £1-99 5A - MT 51 AT £5'73

24 MT 3 AT £2.92 8A MT 88 AT £7-87

3A MT 20 AT  £3-39 10A  MT 89 AT £8-75

50 volts, All tapped at 0-19-25-33-40-50V.,

500 mA MT 102 AT: £1-92 A MT 105 AT £4-98
1A MT103 AT £2.67 44  MT 106 AT £6-50
24 MT 104 AT £3-93 A MT 107 AT £9-11

80 volts, All tapped at 0-24-80-40-48-60V.

500 mA MT 124 ATt £2-0: 24 MT 127 AT £4-1%

14 MT 126 AT £3- 94 3A MT 125 AT £5'78
AUTO-WQUND RANGE

Power output Winding tapped ab Ref, No, Price

20 VA 0-115-210-240 XMT 113 CT £1-22
VA XMT 64 AT £2-32

150 VA 0-115-208-220-240 XMT 4 AT £2:85

200 VA ”» » XMT 65 AT £3-84

300 VA » XMT 66 AT £5-06

SAFETY ISOLATORS. 105/120 V. or 200/240 V, In, 105/120 CT
or 200/240 CT Out.

VA Ref. No. Price VA  Ref. No. Price

60 MT 149 AT* £2.86 250 MT 152 AT* £7-75

100 MT 150 AT* £3-51 350 MT 153 AT* £10-18

200 MT 151 AT* £6-22 500 MT 154 AT+ £14-55

400 V. Outiput at 50 HZ. Ret. ITS AT Price
C-D Ignition system by R. M. Marston Esq.
Wireless World. £2:98
EQUIPMENT RANGE
Sec. Output (r.mvs.) Ref. Price
3.0-3 V. 200 mA MT 238 ‘ot £1-59
9-0-9 100 mA MT 13 0S*t £1-24
12-0-12 50 mA MT 230 C8*+ £1-24
20-0-20 30 mA MT 241 OS*} £124
0-20 x 2 300 mA x 2 MT 214 CT*t £1-59
0-8:9x 2 500 mA x 2 MT 207 CT* £1-87
0-15-20 x 2 500 mA x 2 MT 205 AT*t £2-85
0-15-27 x 2 500 mA x 2 MT 203 AT* £3-17
0-15-27 x 2 14 x2 MT 204 AT* £4-25
20-12-0-12-20 700 mA (d.c)  MT 291 AT* ' £1-58

AT indicates open universal fixing with tags; CT is open U-clamp

fixing with tags; C8 is open U-clamp fixing with P.C. spills; * with

interwinding screen; + untapped 240V Primary; § tapped at 210-

240V; other Primaries tapped at 200-220-240V.

Over 200 types in stook through agents or direct. Send for lists.

DOUGLAS ELECTRONIC INDUSTRIES LTD., Direct Sales Dept.
Thames Street, LOUTH, Lincs. LN11-7AD

AND NEW FULL SPEC. DEVICES

U.K. CUSTOMERS ADD V.A.T. AT STANDARD RATE
Microcircuits: 708 24p; 710 36p; 723 51p; 741 27p; 748 37p;
74 SERIES TTL: 00 18p; 02 18p; 16 16p; 1121p; 20 16p; 30 19p;
73 41p; 74 33p; 90 72p; 91 £1-51; 02 90p.
Transistors: 2N2926 Brown Sp. Red Gp Orange 7p; Yellow
8p; Green 9p; 2N3053 15p; 2N3054 40p; 2N3055 35p 2N3702
10p; 2N3704 10p; 2N3819 26p; 2N4058 12p; BC107A 8p
BC108A 8p; BC109B 8p; BC109C 8p; BCY70 15p; BFY50151I
52 15p; 0044145[71[ 2 12p.
Zeners: BZY88 IES 8p. 1 Amp. Rectifiers: 50v. 3ip;
100v. 4p; 200v. G;p. 400v. Sp, 800v. 6p: 1000v. 7p. 14 pin IC
Sockets 12p; Soldercons ip. per pin. Dalo PC Pen 68p.
'w 5% Carbon Flim Resistors 10 of one value per 7p. F.E.T.

Amp. £1-62.10A 500v. Triac £1-20. (Prices at 30th Apr,
Check our liat).

JEF ELECTRONICS (W.W.6)
York House, 12 York Drive, Grappenhall, Warrington,
WA4 2EJ,

Mail Order Only. C.W.0, P & P 10p per order minimum.
List free.

QUARTZ CRYSTAL
UNITS from

® 1.0-60.0 MHZ
® FAST DELIVERY
® HIGH STABILITY
® T0 DEF 5271-A

WRITE FOR
LEAFLET AT-1
McKNIGHT

CRYSTAL Co.

HARDLEY INDUSTRIAL
ESTATE, HYTHE,
TEL. HYTHE 8961  gQuTHAMPTON S04 62Y.

STD CODE 042 14

EXCLUSIVE OFFERS

INSTRUMENTATION
TAPE RECORDER-
REPRODUCERS
AMPEX

FR-100B
17 14 tracks 6 speeds
FR -600

7 tracks 4 speeds
Transxstonsed

I.B.M.
729
1” 7 tracks 6 speeds
MINCOM
CMP-100
3”47 1” 7 tracks 6 speeds
E.M.L
D-1
3" 4 tracks 7 speeds
Several other smaller

ecks.
Full details on request.

Prices ofabove are
from £150 to £700.

FREE :
40-page list of over 1,000 different items in ltock
available—Lkeep one by you.

HIGHEST QUALITY [9” RACK
MOUNTING CABINETS & RACKS
CABINETS

Qur Height Width Depth  Rack Panel
Ref. ininches in inches ininches Spacein ins. Price
E 76 22 2 -0/

0 70

cC 80 24 26 1 £1250
CcD 69 21 13 68 £10°00
CE 82 22 24 77 £14:00
Cr 87 23 26 80 £12-50
CH 83 24 30 kb3 £1400
7 83 24 24 75 g

CK 83 24 12 75 £10-00
CL 30 60 36 42 £12'50
CM 19 22 18 17 £5:00
cp 69 24 26 61 £13:00
CR 6% 30 20 —  £24-00
or 70 69 27 60 £4500
cU 87 26 17 — 0
cY 89 24 24 52 £2000
oz 64 22 26 58 £14-00
DA & 22 26 80 &

DB 53 29 22 47 £15-00
DO 64 22 27 o7 1

DE 52 40 24 91 £30-00
DF 75 22 2 68 £18-00
DHE 70 23 24 122 £20.00
DK 8 22 26 9 £20.00
DL 54 24 19 89 £1800
DP 74 24 24 66

DR 14 21 12 10 £7°00

Also Consoles. twin and multi-way Cabinets.
OPEN RACKS

Our Heightin Channel Rack Panel
Ref mches Depth Space RBase Price
5

10 Bolts 9
RD 80 8 7 24 inches  £8-00
RA 72 3 66 Bolts
RC 66 b 63 Bolts £8:00
RE 78 7% 70 Boits £7-00

Full details of all above on request.

WE PURCHASE ALL FORMS
OF ELECTRONIC EQUIPMENT
AND COMPONENTS, ETC.

CHILTMEAD LT,
7.9, 11 Arthur Read. Reading,
RBRerks. Tel: 582 605

J. LINSLEY HOOD

LOW DISTORTION AMPLIFIERS

IN KIT FORM
1. 10 Watt Class A £5.25
2. 20 Watt Class B £20 (Incl. P.8U)
3. 20-75 Watt Direct coupled £11.80
Send SAE for detailed information on
these and other quality amplifiers to

TELERADIO HI FI
325 Fore St., London N9 OPE
01-807 3719 (Closed Thursdays)
AGENTS FOR THE SONAX F.M. PHASE
LOCKED LOOP STEREO DECODERS AT £4.30
TAX EXTRA

SOWTER TRANSFORMERS

FOR SOUND RECORDING AND REPRODUCING EQUIPMENT
We are suppliers to many well-known companies,
studios and broadcasting authorities and were estab-
lished in 1941, Early deliveries. Competitive prices.
Large or small quancmes. Let us quote.

E. A. SOWTER LTD.

Transformer Manufe ers and Desi
7 Dedham Place, Fore Street, Ipswnch IP4 ue
Telephone 0473 52794

SODER-WICK

De-soldering Dry Wick )
SIMPLE-EFFICIENT- COMPLETE

Details & free sample kit from:
Sole UK Distributor:
SOUTHERN WATCH & CLOCK SUPPLIES LTD.,
48-56 High Street, Orpirigton, Kent BR6 OJH.

We have a large quantity of * bits and pieces™
we cannot list—please send us your requirements
we can help—alt

10 foot Triangular Lattice Mast Sections

54in. dia. Meteorological Balloons £1-50
Flamm Microwave Attenuators 4/12 EMC  £40-00

LEASE ADD V.A.T. TO ABOVE

P. HARRIS
ORGANFORD — DORSET

BHI6 6ER
BOURNEMOUTH-65051

*
6 inch sides £9-00
% Hammarlund SP.600 Receivers £65°00
% Casella Assinann Electric Hyg: t £24:00
% Racal RA-17 Cabinets £14-00
% Racal MA-150 Synthesisers £95'00
% Racal MA-250 Decade Generators £125-00
% Avo Geiger Counters, new 3
v Servomex 2KVA Voltage Regulators £34-00
% Solartron CD-101 6 d/b Oscilloscopes £3400
% Double Co-axial Blowers 6 X 6 220 v. A.C.  £8-00
% Ampex S.E.10 Auto Degaussers £45-00
% Uniselectors 10 bank 25 way full wipe £300
s R.C.A. 5 element 420 m/cs Yagi Beams £400 -
+ Haynes 500 watt 230 v./115v. Isolation
Transformers £9-00
% Eddystone Panoramic Adaptors EP-14 £4500
% Muirhead D.888 Analysers £80-00
% Laboratory Radio Interference Filters £2-00
% Pye Scalamp Galvos £14-00
v Ferrograph G.200 Tape Recorders £27-00
% Cawkell Type 1471 Variable Filters £76-00
% Mullard High Speed Valve Testers with N
cards £25:00
% Zenith 3KV Insulation Test Sets £14:00
Y Adwell large Draiting Tables with oo
parallel motions £24-00
*
*
P
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WILMSLOW

AUDIO
The firm

for
speakers!

Fane Pop 100 watt 18” 8/15 ohm.
Fane Pop 60 watt 157 8/15 ohm .
Fane Pop 50 watt 12” 8/15 ohm
Fane Pop 25/225 watt 8/I5chm..........
Fane Pop 15 127 |5 watt 8/15 ohm

Fane 122/10a0r 122/12.....000vvenvonnns

Fane Crescendo 15” 8 or 15 ohm.

Fane Crescendo 12" 8 or 15 ohm........ £24,50
Fane 8” d/cone 808T 8 or 15 ohm........ £2.64
Fane 8” d/cone, roll surr. 807T 8 or 15 ohm  £3.16
Baker Group253,80r150hm .......... £6.00
Baker Group 35, 3,8 0r |5 ohm.......... £7.50

Baker De Luxe l2” d/cone .
Baker Major ..............
EMI 13x8,3,80r |50hm .
EMI 13 x 8 type 150 d/cone, 3,8 or |15 ohm £2.58
EMI 13 x8type450t/w,3,80r |I50hm.... -£3.85
EMI I3 x 8 type 350 8 ohm
EMI 64" 93850 4 or 8 ohm ..
Elac 9 x 5 59RM 109 15 ohm.
Elac9 x 5 59RM 114 8 ohm
Elac 64” dfcone 6RM220 8 ohm.......... £2.59
Elac 64" dfcone, roll surr. 6RM171 8 ohm.. £3.22
Elac 4” tweeter TW4 8 or 15 ohm
Celestion PS8 for Unilex........vvvvuas
Celestion MF 100025 watt horn 8-orl5ohm £|0.45
Elac5”3ohm......ccooviiuiinirncianan
Elac7x4”3or8ohm ....
Elac 8 x 5%, 3, 8 or 15 ohm
Wharfedale Bronze 8 RS/DD
Wharfedale Super 8 RS/DD
Wharfedale Super 10 RS/DD
Goodmans 8P 8 or |5 ohm....... .
Goodmans IOP8or 150hm........c000es
Goodmans 12P 8 or |5 ohm
Goodmans 5P 8 or |15 ochm
Goodmans 18P 8 or |5 0hm. .

Goodmans Twinaxiom 8.........c.0000s
Goodmans Twinaxiom 10 . ..
Goodmans Axent 100.............
Eagle DT33 dome tweeter 8 ohm

Eagle HT15 tweeter8ohm.............. £3.46
Eagle CT5 tweeter 8 ochm.............. £1.21
Eagle MHTIO tweeter .......cvvvvvnnesn £3.30
Eagle CTIO tweeter.....covvennaeanasss £1.92
Eagle Xovers CN23, 28, 216............ £1.10
Kef T27 .

Kef TI5

Kef BI1G

Kef B200

Kef B139

Kefkit 2

Richard Allan 12” djcone 3 or 15 ohm, ... £2.20

Richard Allan 8”7 3,8 or I5 ohm
10x6”3,80r 50hm .........
8x5”730r8ohm ..coviiiiriiennenerias
7x4”3or8ohm......
3”8 ohm or 80 ohm
247640hm.. . .iiiiiiiiiiiiiiiiei veer

Speaker matching transformer 3/8/15 ohm £1.10
Adastra Hiten 10” {0 watt 8 or |5 ohm. . £2.80
Adastra Top 20 12”7 25 watt 8 or I5 ohm £6.32

STEPHENSPEAKER KITS AND CABINETS
Send for illustrated brochure and list of recom-
mended speakers,

CAR STEREO SPEAKERS —sk for leafleta

PA/DISCO AMPLIFIERS: (carr. and ins. £1.00).
Baker 100 watt..........0.s eeaianes £46.00

Linear 30/40 .... £25.00
Linear 40/60 . ... £30.00
Linear 80/100 '£50.00

FREE with speaker orders over £7—“Hi-Fi
Loud \! Encl es” book.

All units guaranteed new and perfect.

Prompt despatcﬁ‘
Carriage and insurance 25|; per speaker
(Tweeters and Crossovers 15p each)
(All prices quoted inclusive of V.A.T.)

WILMSLOW AUDIO,
Dept WW,

Swan Works, Bank Square, Wilmslow,
Cheshire SK9 IHF.

DECADE T.T.L
COUNTER UNIT

- COMPLETE OR IN KIT FORM

COMPLETE UNIT

Decade TTL Unit on fibreglass
PCB using 74 series TTL to
count up to 18MHz with
Nixie tube display. These
units may be coupled to
provide a multi-digit
readout for Frequency
Counters, Timers, DVM's,
Batch Counters etc.
(Application details not
available) Requires 200/
250V D.C: & 5V D.C. reg.

KIT PRICE: £5.06 pius 10p p&p

ASSEMBLED AND TESTED
£5.40 plus 10p p&p

TRANSFORMER, 200/250V
to 6V, 1A & 250V for decade
power supply, with circuit using
5V Regulator 1/C: £2.20 plus 20p p&p
-COMPONENTS

400V, 8A Triac isolated tab type 1148, 125A surge 85p

‘ 32V Diac Type D30 suitable for triggering 1148 23p

5V Voltage Regulator |/C. TO3 case 600 m/A output
from 7.5V—15V D.C. input, with instructions  £1.98'

HeatSink, TO3, twistedvane, 8°C/W forbV Regulator20p
BC 107, BC 108 ... 6p
(All plus 6p p&p)

Prices include VAT. Please send c.w.o to:

DEXTER & COMPANY
4 ULVERHOUSE 19 KING STREET
CHESTER CH1 2AH
Tel: 0244-25883

WW-—102 FOR FURTHER DETAILS

CASHIMMEDIATELY AVAILABLE
for redundant and surplus stocks of
radio, telev1s1on, telephone and electronic
equipment, or in component form such
as meters, plugs and sockets, valves,
transistors, semi conductors, capacitors,
resistors, cables, copper wire, screws and
nuts, speakers, etc.

The larger the quantity the better we
like it.

BROADFIELDS & MAYCO
DISPOSALS
21 Lodge Lane, London, N12,
Telephone: 01-445 2713  01«445 0749
Evenings: 01-958 7624

THERMOCOUPLES

Acramet and Acraspeed thermocouples,
from IC are:-

Extremely accurate for.fluid, gas or metal
temperature measurement.

Individually calibrated and carry a certificate
plus a one year guarantee.

Availabie with immersion or contact,
non-earthed, multiples, boss or plug.

Details available on request.

International Combustion Limited,
Sinfin Lane,
Derby DE2 3GJ

WW-—103 FOR FURTHER DETAILS
TOROIDAL MAINS TRANSFORMERS

Siimline and compact, with very low stray hum
field, suitable for audio amplifiers up to
Watts/channel, etc., Type TI1—Primary 0-110-
120-220-230-240 V, 40/60 Hz. Secondary
0-45 V at 150 VA max. Electrostatic screen.
Size——only 1iin. high x 4lin. diameter. Weight
31lbs. Other types available-—send .
Mail order only.
Price—£5.70, post-free in- U.K.
AMPLIFICATION AND RECORDING
6 Bermuda Terrace, Cambridge

Wireless World, July.1973

PRINTED CIRCUITS

& ELECTRONIC EQUIPMENT

B LARGE & SMALL QUANTITIES

B FULLDESIGN & P.T.H.
PROTOTYPE SERVICE

B ASSEMBLIES AT REASONABLE

“~  PRICES

for full detais contact

K.J.BENTLEY
& PARTNERS:

18 GREENACRES
ROAD, OLOHAM

P O APPROVED "Tel 061 624 0939

EMSAC. P.C. MASTER KITS
Something new! Prepare your printed circuit masters to
professional s!andards Qur Master Kits contain all
materials to design te taped masters.
We include four sues of special adheslve tape {con-
ductors), four sizes of circles (pads), transistors and ijc
clusters. _Also metric and imperial grids, a cutting knife
and back material. Complete with full instructions
and catalogues for re-ordering.

Price £8-64 plus 10% V. AT plus 15p P. & P.
Electronic and Mechan'cal Sub-Assembly Co. Ltd.
Highfleld House, West Kingsdown, Nr. Sevanoaks, Kent.
Tel: West Kingsdown 2344,

OVERNIGHT

Prototype Printed Circuits
Fastest in London Area
48 hour and Overnight Services
Electronic & Mechanical Sub- Assembly
Co. Ltd., Highfield H West Kingsd
Nr. Sevenoaks, Kent.
Tel: West Kingsdown 2344

FPrivate enquiries,send 5p in stamps for brochure

THE QUARTZ CRYSTAL CO.LTD.

QC.C. WORKS, WELLINGTON CRESCENT,
NEW MALDEN, SURREY. 01-942-0334 & 2988

TAPE RECORDERS FOR
RESEARCH, INDUSTRY AND
PROFESSIONAL AUDIO
single and multichannel
SIMMONDS ROAD, WINCHEAP

CANTERBURY, KENT
0227-68597 -

WE PURCHASE
COMPUTERS, TAPE READERS AND ANY
SCIENTIFIC TEST EQUIPMENT. PLUGS AND
SOCKETS, MOTORS, TRANSISTORS,
RESISTORS, CAPACITORS, = POTENTIO-
METERS, RELAYS TRANSFORMERS ETC.

ELECTRONIC BROKERS LTD.
49 Pancras Reoad, London, N.W.1. 01-837 7781

THE ONLY
COMPREHENSIVE
RANGE OF RECORD
MAINTENANCE
EQUIPMENT

IN THE WORLD!

Send P.O 15p for 48 page
booklet providing all necessary
information on Record Care.

CECIL E. WATTS LIMITED

Darby House
Sunbury-on-Thames, Middx.

WW—104 FOR FURTHER DETAILS
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“"W.W." HI-FI KITS

% LINSLEY HOOD i5-20W AMPLIFIER

July 1970 latest and ultimate design. Our kit
personally tested and approved by the designer.
O/P Tr’s matched for spec’d performance. Metal-
work now available ensures simple construction of
amps. and power supply.

% BAILEY PRE-AMP (APG. 1971)

Superbly engineered kit of this established low
noise pre-amp. Uses RH & LH fibreglass PCBs
enabling a stereo version to be built in 8 X 24 X
2%in. or 8 X 14 X 5%in. Basic metalwork ex-stock.
Especially recommended to drive 15-20W AB amp.

AFTER-SALES SERVICE at reasonable cost,

at 30p i (Stamps
DETAILED PRICE LISTS at 5p accepted)
Inc’g above and other designs.

%REFUND GUARANTEED ON ALL PARTS

SPECIAL OFFER

2N3055 33p each 4for£1-10
2N3054 22p each 3 for 55p

Unmarked, Tested qr;d Guaranteed. Post and
packing [0p per order. Send S.A.E. for list of other
devices. See July 1972 advert.

PERSONAL CALLERS WELCOME—AT OUR

RETAIL SHOP NOW OPEN
A.1 FACTORS
245, North Sherwood St.,
Nottingham NG1 4EQ

Telephone: Nottingham (0602) 46051
Sole proprietor: Douglas de Havilland

(10 a.m.-12 Midnight 7 days/week)

REPRINTS of any “WW?" article } In¢’g p.p.

SEMICONDUCTOR
DATA LIBRARY

MOTOROLA SEMICONDUCTOR INC.

3 vols. set £6-50

1973 THE RADIO AMATEUR’S
HANDBOOK £2-95

ELECTRONIC MUSIC
TION by A. Douglas £2-85

PRACTICAL RELAY CIRCUITS by
F. 1. Oliver £3-40

E
>
>
E
E
E "ELECTRONICS. A COURSE BOOK
4
)
>
>
>
b
<
>
b
>

PRODUC-

FOR STUDENTS by G. H. Olsen £2-75

HOW TO USE INTEGRATED
CIRCUIT LOGIC ELEMENTS by I. W.
Streater £2-50

MOS INTEGRATED CIRCUITS AND .
THIEIR APPLICATIONS by Mullard
£2-

THYRISTOR CONTROL by F. F
Mazda £7-10

INTEGRATED
Millman £7-50

RADIO HANDBOOK by W. I. Orr
£7-75

ELECTRONICS by

THE MODERN BOOK CO.

SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS

19-21 PRAED STREET,
LONDON, W2 INP

Phone 723 4185
Closed Sat. 1 p.m.

alo7

A DEXTER

DIMMASWITCH

ALLOWS COMPLETE

LIGHTING CONTROL

The DEXTER DIMMASWITCH is an attractive
Dimma unit which simply replaces the normal
light switch. It is available as a complete “ready
to install” unit or "'simple to assemble” kit. Two
models are available controlling up to 300W or
B600W of all lights, except fluorescents, at mains
200-250V, 50Hz. All DEXTER DIMMASWITCH
models have built-in radio interference suppres-
sion. 600 watt £3.52 Kit form £2.97

300 watt £2.97 Kit form £2.42
All plus 12p post and packing

Prices include  VAT. Please send c.w.o0. to:

DEXTER & COMPANY

4 ULVER HOUSE
19 KING STREET

CHESTER CH12AH \gtoisiietiay
Tel: 0244-25883 ETC.

AS SUPPLIED
TO H.M. GOVERNMENT

Classified—continued from p. 104

Articles Wanted—continued

WE BUY SURPLUS ELECTRONIC
COMPONENTS AND TEST EQUIPMENT,
IN QUANTITY.

LINWAY ELECTRONICS
42 Spencer Avenue, Hayes,
Middlesex UB4 0QY.
CONTACT US~YOU’LL NOT REGRET IT!

Tel. No. 01-573 3677 [2665

X109 valve wanted, state price. Electra, Goode,
Totland Bay, LW, [2706

X CAPACITY AVAILABLE '

IRTRONICS LTD., for Coil Winding—large or
smal] production runs. Also PC Boards Assem-
plies. Suppliers to P.O., M.0.D., etc. Export
enquiries  welcomed, 3a Walerand Road, London,
SE13 7PE. Tel. 01-852 1706. [61

'APACITY available to the Electronic Industry.

Precision turned parts, engraving, milling and
grinding both in metals and plastics, Limited capa-
city available on Mathey SP33 JIG BORER. Write
for lists of full plant capacity to C.B. Industrial
Engineering Ltd., 1 Mackintosh Lane, E.9 :
Tel. 01-985 7057. [14

RINTED CIRCUITS, quick service, competitive
prices, roller tinning, drilling etc. Short runs
welcomed. Jamieson’s Lid., 1-5 Westgate, Bridlington,
YO16 4QB Yorkshire. Tel (0262) 4738/77877. [2633

PRINTED CIRCUIT ASSEMBLY, wiring, etc., to
samp'e or drawings. J. H. Barnett, 13 Belmont
Road, Crowthorne, Berks. RG11 6SA. [2807

MALL Batch Production, wiring, assembly, to
sample or drawings. Specialist in printed circuit
assemblies. D. & D. Electronics, 42 Bishopsficld,
Harlow, Essex. {17

GOKHZ MSF Rugby and 75 KHz Neuchate! Radio
Receivers. Signal and Audio outputs. Small,
compact units. Two available versions £35 and £60.
Toolex, Bristol Road, Sherborne (3211), Dorset. [21

ALL TYPES OF P/C WORK
UNDERTAKEN

Components Assembly-—Etching—Artwork

Soldering—Boards designed from theoretical

Circuits—Prototype work undertaken—quick

turnround.
E.R.D. LTD.
18 Hart Road, Harlow, Essex.
Phone Waltham Cross 23538,

{2609

SERVICE & REPAIRS

BRISTOL AND DISTRICT. Service to Hi Fi and
electronic equipment. Public address installations.
Stereo Centre, 309 Gloucester Road, Bristol. Tel:
0272 421395.
XPERIENCED ENGINEER offers field service
facilities London area covering Electronic and
Electro-Mechanical equipment—Box No. WW 2676.
EXPORT Agency Services — Marketing, Shipping,
Banking. Documen‘a“ion.—Marlow 2340. [2677
NSTRUMENT  SERVICING—Multimeters  (Avo,
Taylor S.E.L.), Meggers etc. Quick and competi-
tive guaranteed repairs. V. W. & E. Smith, 34 Hurst
Mif‘lt Lane, GLAZEBURY, Warrington. Phone Lci%tzl

6674. [
vSCRATCHED TUBES. Our experienced polishing
service can make your colour or monochrome
tubes as new again for only £2.75, plus carriage 75p.
With absolute confidence sent to Rstube Ltd., North
Somercote, Louth, Lincs, or ‘phone 0507-85 300. [27
IGNAL generators, oscilloscopes, output meters,
wave voltmeters, frequency meters, multi-range
meters, etc., etc., in stock.—R. T. & I. Electronics,
Ltd., Ashville Old Hall, Ashville Rd., London, E(lé4

Ley. 4986.
COURSES

ADIO and Radar M.P.T. and C.G.L.I. Courses.
Write:  Principal, Nautical College, Fleetwood.
FY7 8JZ. [25

EDUCATION

CIE, AMSE, City & Guilds, etc. Thousands of
exam successes, Postal courses in all branches of
Engineering. Prospectus FREE. State subject of
interest: BIET (Dept. ZI. BWW 18), Aldermaston
Court, Reading RG7 4PF. Accredited by CACC.[19

'NEW GRAM AND SOUND
CEQUIPMENT

LASGOW.—Recorders bought, sold, exchanged;
cameras, etc., exchanged for recorders or vice-
versa.—Victor Morris, 343 Argyle St., Glasgow, C.2.
{11

RECEIVERS AND AMPLIFIERS
SURPLUS AND SECONDHAND
HRO Rx5s, etc.,, AR88, CRI100, BRT400, G209,

$640, etc., etc., in stock.—R. T. & 1. Electronics,

Ltd., Ashville Old Hall, Ashville Rd., London, E.11.
Ley. 4986. 65

] VALVES WANTED

WE buy new valves, transistors and clean new com-
ponents, large or small quantities, all details,
quotation by return.— Walton’s, 55 Worcester St..
Wolverhampton. [62

North East London
Polytechnic

ELECTRICAL ENGINEERING

(Barking Precinct)

B Sc Electrical Engineering (CNAA)

with Hon's options. 4-years sandwich

HND Electrical & Electronic Engineering
with possibility of transfer to B Sc course 3-years sandwich

CEl Part 2

1-year fuli-time or 3-years part-time

HNC Electrical & Electronic Engineering*
Electrical Technicians Parts 2 and 3*

Telecommunication T echnicians Part 3
*Part-Time, or Block release by arrangement with Employers.

Colour Television Servicing

Evening

Please write for further details to: The Registrar. Ref: JS101 North East London Polytechnic, Forest

Road, London, E17 4JB. Tel: 01-527 0933.
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MANUALS AVAILABLE

MARCONI SOLARTRON  COSSOR TEKTRONIX ~ TELEQUIPMENT ADVANCE VENNER FURZEHILL
TF3296 AS516 339 422 831 TF1041 CT436 TC1A TSA3436 0160
TF801B AS517 1035 511AD $32A TF1100 £D5238.2 T2 TSA3334/3 1684
TF801B/3/S  ASW5H1A 1049 515A D43 TF1101 AD557 TC2A RADIVET HEWLETT PACKARD
TF801D SRS151&8151A EML 524AD WAYNE KERR TF1104/1 cD7118 01 1 200CD
TF867A SRS152&152A WM2 531 B221 TF1300 cD814 D2 RACAL 130A
TF868A VF252 WM8 . 541 B121 TF1345/2 QD910 J SA28 BC221

. TF885 0546 WM16 541A-B ‘B521 1014 AIRMEC SA33 HARTLEY 13A
TF886A D300 555 cD1016 701 AVOCT38

This is only a small example of the manuals we have in stock. S.A.E. with your enquiries— we may be able to help.

CHILTMEAD . D

7-9 ARTHUR ROAD, READING, BERKS. (rea;' Tech. College) Tel.: Reading 582605

INDEX TO ADVERTISERS

Appointnients Vacant Advertisements appear on pages 90-104

PAGE PAGE Pac
Al Factors ...ceevevrnanannrneneaannianennens 107  Farnell Instruments Ltd. ................. PN 14 “Q-Max’ (Electronics) Ltd. .................. 28
Aerjalite Cables Ltd. ........... . iiiiiinenn... 11 Ferrograpa, lne, Co. Ltd. . 33 Qualiy Electromes Ltd. ......... ... ...t 27
Amplification & Recording .................. 106 Fi-Comp Electronics ......... 31 Quartz Crystal Co. Ltd. ................c.o. 106
Anders Electronics Ltd, ........c0coiiiininn.. 2,22 FieldTech ...........ccciiiiiiiiiniiiniiinnnnn 18
Arrow-Hart (Europe) Ltd. .................... 3 Future Film Developments .................... 24 Ralfe, P. F. ... 64
Audix BB, Ltd. .................. 7 Redifon Telecommunications Ltd. .............. 10
Aveley Electric Ltd. ..... 34 Gardners Transformers Ltd. .................. 15 Rola Celestion Ltd. .............. 31
AVO LAe ©.otiiniei e 18, 49 ~ Coldring Mfg. Co. Ltd. .......... 24 RS.C. Hi-Fi Centre Ltd. 62
Grampian Reproducers Ltd. R.S.T. Valves Ltd ...oooeiinreinreninnaanns 68
BanteX Led.  ..ovviiiitiiiiiie e, 37  Harris Electronics (London) Itd. .............. Salford Electrical Instruments Ltd. ............ 26
Barrie Electronics ............c..evoiniein... 67 Harris, B. ... e Samsons (Electromics) Ltd. .................one 66
Bell & Howell Ltd. .........coveeeeiennnn., 44 Hart Electronics ......... . SAYT0S8 Ltd. oo nonen et 3
Bentley AcOUSHC . .voomnonsneen e 66  Hatfield Instruments Ltd. . Service Trading €01 .....ovrieiiieniiiennn. 76
Bentley, K. J., & Partners Ltd. .............. 1o Heoty’s Radio Ltd. ..... Servo & Electronic Sales Ltd. ................ 58
B.IC.C. Cablefinder .......................... 3g  Henmsom, R, Ltd. ........ Shure Electronics Ltd.
BLET.  .oooeoniiiiiiieiaeeiiin 23 [Hewlett Packard ... Sinclair Radionics Lid.
Bi-Pak Semiconductors ..............eeeu.. 56, 57 H.H. E‘lec“ml,’c ------------ [RTPR SME. Ltd. .............. e raenae e 16
Bi-Pre Pak Ltd. ...............o..'iieeee.. ' Hy-Q Blectronies .........ooovnnniniieneniies Smith, G. W. (Radio) Ltd. .......... 82, 83, 84, 85
Bi ! mics Ltd, .......oouiuiii.., . SNS Communications Ltd. . 39
Bi:ik),sﬁf“‘f e M e LL.P. (Blectronics) Lid. .................... 60, 71 Sonax Electronics . ....... SRR p
Blore-Barton Ltd. ................c0.0ea.. International Combustion Ltd. ................ 106 Southern Watch & Clock Supplies Ltd. ........ 105
Bradley, G. & E. Ltd. .....ooveeenennnns cover ii, 1 International Publishing Corp. Ltd. ........ 19,25 Sowter, E. A .iiiiiiiiiiiei i 105
Britee LA,  oooeeren gy Imtegrex Ltd. ... 36 Special ﬁroduct Di:tributors Ltd. .......ooenl. %g
Bull, J. ic O . Strumech Eng. Ltd. ............. ... ... el
Bumdepta]i;ic::ro?‘li)csl‘:g_l{.) L. ... Z; JE.F. Electronics Studio EIectronics ...............c.iiiieiinn.. 104
. J.H. Associates ......... Sugden, J. E., Ltd. ... ... ... ... ...l 27
Jermyn Industries )
Candis Ltd. ..................... e, 67 Tate Audio Transmission Equipment Ltd. ...... 21
Cavern Electronics ....................c.o.o... 24 Ledon Instruments Ltd. .................... 27 . Taylor Electrical Insts. Ltd. .................. 27
Cetronic Ltd. «eeevoorriin 46  Leevers-Rich Equipment Ltd. .................. 31 Technical Press Ltd. ................ 30
Chiltmead Ltd. .. 88, 105, 108 Levell Electronics Ltd, .........coivuvivinninn 5 Telephone & Wireless Comps. Ltd. 68
CIreards .« .o eeir et 12 Light Soldering Developments Ltd, ............ 29 Teleprinter Equipment Ltd. ...............cv... 55
Colomor (Electronics) Ltd. .................... 59  Limrose Electronics Ltd. ............. vivsveeor 28 Telequipment Products (Tektronix U.K.) Ltd. .. 40
Concorde Instrument Co. .................... g7 Linstead Electronics ............c..0. vevnesees 320 Teleradio Hi Fiovvvvnviiiviiiinienineinanens 105
Consumer Microcircuits Ltd., ........ Readers Car Teonex Lid. ....... it iiiiiiiineerinnnans 24
Crichton, JOMD  «.ooooooernes o € P ﬁ:ﬁiﬁ?nﬁsx}nishﬁ ------------------ e ‘12! Thorn Radio Valves & Tubes Ltd. ........ 8, 9, 51
Croydon Precision Inst. Co. ............. 22, gg Marshgl.l-, A., & Sons (Londom) Ltd, ~.rrvrors 86 Trannies Ltd. ....... ... ... .. ... il 61
FERTE k] Lquf:I:ﬁ];.:l %l;)ygstall‘tgo """"" University of Leeds ..................co0vue, 39
Mills, W. ... .
Data Laboratories Ltd. . ........... ... Miward, G. F. ......... zalrady.) L;_(‘i. ............................... 22
Deimos Ltd. ....................... e ( Modern Book Co. ....... ortexion Ltd. ....oceiiiiii
Dexter & Co. ...t Mordaunt-Short . ... ... ... ittt .
Dixons Technical CCTV Ltd. ...... Motorota Semiconductors Ltd. ................ 50  Watts, Cecil E., Ltd. ....... R AR R 106
Douglas Electronic Industries Ltd. Mutlard Ltd. ... ... e 46 Wa»yr}e Kerr, The, Co. Ftd' """"""""" 17
Dymar Electronics Ltd. ..................... Maulticore Solders Ltd. .................... cover iy  Westinghouse Brake & Signals Ltd. ............ 45
’ Westinghouse Electric S.A. .......... i 13
Edd Radio Ltd Nombrex Ltd. ..............cviiiiiiiiiiinenns 23 West Hyde Developments Ltd. ................ 65
ystone Radio Ltd. ... ... . ... ... ........ . London Direct ies ... 64
Flecirotahe Olson Electronics Ltd. ........................ 0 g (%fectmms) SOPRlies oo i
Electronic Brokers ............ Pattrick & KNI ... oonvnrnseeenanennns 65 Wilkinson, L. (Croydon) Ltd. .................. 68
Electronic Design Assoc, Pembridge College ... .. .. ... 37 Wilmslow Audio .......... TR 106
Electronic & Mechanical Sub-Ass. Co. Ltd, .... 106  Physical & Electrical Labs. Ltd, .. ...vovorrr. 64
Electrovalue 63  Powertran Electronics 74 Z. & L. Acro Services Ltd. ...........coceeennn 89
English Electric Valve Co. Lid. 43  Prestonian Electronic Services Ltd. 54  Zenith Electric ......vvviviiiniiineieen 46

Printed in Great Britain by Southwark Offset, 25 Lavington Street, London, S.E.1 i i
I - 3 .1.1, and Published by the Proprietors, LP.C. ELEcTrRICAI-ELECTRONIO PRESS 1.1D., Dorset House, Stamford St., London, SE1 9LU telephon
‘goff(}n“?&oz,ﬁ"}’ﬁ V‘g’g";’ Y be olztgmed abroad from the fOHOWil}gS,AUsTl’{ALIA and NEW ZEALAND: Gordon & Goteh Ltd, INDia: A. H, Whoeler & Co. CANaDA: The W, Dawson Subsciiption Service, Lid.
SUPPLY. This periodical is“l dmf§~ N fntral News Agency Ltd.: William Dawson & Sons (3.A.) Ltd. U~rrep Srarss: Eastern News Co., 306 West 11th Street, New York 14. CONDITIONS OF SALE AND
at & price in excess of the recoMIAEIIed m&éﬁﬂ?&?iﬁé}ﬁ'ﬂ’ﬁ ;xzr;x:ly ch%tgmh_a;’ns&oﬁ wiféhout the wrltten consent of the publishers firet given be lent re-sold, hired out or otherwise disposed of by way of Trade
n 3 er, an: 1 o i s i i iti i ‘
or affixed to or as part of any publication or advertising, literary or Biotorial matter whutsoevlelx?. be lent, re-sold, hired out or otherwise disposed of in a mutilated condition or in any unauthorised cover by way of Trade










