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The sclloscop with a diff
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...... the difference is that it measures amplitude
against frequency (instead of time). This comparatively
small change has led to our instrument being called a
“Spectrum Analyser™ which, in turn, has caused

oscilloscope users to believe it’s for a completely different

job, “they are complicated things used only by boffins
and people concerned with light waves or something™.

But — excuse us - that’s
where they're wrong. Our TF 2370
is easier to use than many
oscilloscopes, it has a frequency
range from 30 Hz to |10 MHz and
gives much, much more information
about waveforms of nearly all types
than does a ’scope. And it has a
built-in digital frequency meter and
sweep (tracking) generator of its
own so you can check amplifiers
and filters too.

Signals are displayed with the
fundamental, harmnnics, sidebands
and spurious content all clearly
indicated and quite distinct from
each other. You can see the
waveform as it really is and

FREQUENCY MHz

measure hum, distortion, modulation depth and all
sorts of things to an accuracy impossible on a 'scope -
even on signals which 'scopes show as being ‘pure’.

Our special digital store and television display
system gives you a steady ‘infinite persistance’ picture on
which you may also compare your ideal waveform with

AMPLITUDE

.

f
My

Y

THE OSCILLOSCOPE
CISPLAYS THE SUM OF
THE FREQUENCY
COMPONENTS.

TIME

FREQUENCY

THE SPECTRUM ANALYSER
DISPLAYS THE DISCRETE
FREQUENCY COMPONETS.

your actual live image. The graticule
is electronically generated - so no
parallax errors — and you can move
it up and down, or sideways, or
expand it, all at the twist of a knob
or two.

Whether you are involved in
design, production, calibration,
maintenance or indeed virtually any
application where oscilloscopes are
used, you will find that the TF 2370
Spectrum Analyser will provide a
faster, easier, more informative and
accurate answer to nearly all your
questions.

If you're still a sceptic ask us
for literature or, better still, ring
us for a demonstration.

e
IMI MARCONI INSTRUMENTS

Marconi Instruments Limited - Longacres - St. Albans - Hertfordshire - England AL4 0JN - Tel: (0727) 59292 - Telex: 23350

Marconi Electronics Inc -
Marconi Instruments -

100 Stonehurst Court - Northvale - New Jersey 07647 USA - Tel: (201) 767-7250 - Twx: 710-991-9752
32 avenue des Ecoles - 91600 Savigny-Sur-Orge - France - Tél: 996.03.86. - Télex: 60054!.F

Marconi Messtechnik GmbH - 8000 Miunchen 21 Jorgstrasse 74 - West Germany - Tel: (089) 5820 41 - Telex: 5 212642

Ww—00l FOR FURTHER DETAILS

A GEC-Marconi Etectronics Company
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Front cover shows part of Afghan-
istan imaged for land resource map-
ping by Landsat satellite and sent by
radio to NASA receiving station.

wireless
world

ELECTRONICS /TELEVISION/RADIO/AUDIO

MARCH 1978 VOL 84 NO 1507

IN OUR NEXT ISSUE

Cassette-deck calcula-
tor programmer enables
a simple, four-function
calculator to carry out
complex functions under
the controf of a pro-
gramme stored on"an or-
dinary audio cassette.

Microwave landing sys-
tems. ICAO will take a
decision in April on the
system to be adopted in-
ternationally. This article
will describe the several
competitors, together
with some background
on the subject.

Also in the April issue will
be the last in the series of
articles by S. Fedida on
Viewdata.

33 Electronics and unemployment

34 Loudspeaker coloration
by D. A. Barlow

38 News of the month
The Crown and the Home Office / Racal trial results /
Defence research

40 World of amateur radio

41 Audio amplifier design
by P. J. Baxandall

46 IEA ‘78

47 Logic design
by B. Holdsworth and D. Zissos

Current i1ssue price 40p, back issue
(if available} 50p. at Retail and
Trade Counter, Paris Garden, Lon-
don SE1.

By post, current issue 55p. back
issues (if available) 50p, order and
payments to Room 11, Dorset
House, London SE1 9LU.

Editorial & Advertising offices:
Dorset House, Stamford Street,
London SE1 9LU.

Telephones: Editorial 01-261
8620 Advertising 01-261 8339
Telegrams/Telex: Wiworld Bis-
nespres 25137 BISPRS G. Cables.
Ethaworld, London SE1.
Subscription rates: 1 year. £7.00
UK and overseas {$18.20 USA and
Canada).

Student rate: 1 year, £3 50 UK
and overseas ($9.10 USA and Ca-
nada).

Distribution: 40 Bowling Green
Lane, London ECIR ONE.
Telephone 01-837 3636.
Subscriptions: Oakfield House,
Perrymount Road, Haywards
Heath, Sussex. RH16 3DH.
Telephone 0444 59188, Sub-
scribers are requested to notify a
change of address.

USA mailing agents: Expediters of
the Printed Word Ltd. 527 Mad-
ison Avenue, Suite 1217, New
York, NY 10022. 2nd-class postage
paid at New York.

IPC Business Press Ltd, 1978

ISSN 0043 6062

53 Letters to the Editor
Digital electronics lacks sound theory/ Phase-filtering with time reversal/
The ear in phase audibility

56 Stereo coder
by T. Brook

59 Circuit Ideas
Cross-coupled transistor bridge

Multiple station two-way intercom Programmable strobe

63 Analogue gate applications
by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams

64 Broadcast frequencies

65 Integrated-circuit memories
by John Dwyer

73 Pickup arm design techniques
by Tejinder Singh Randhawa

77 M.icrocomputer design
by P. Pittman

e
ibpa ABC
mmieanond Busaese W L.
Prev Busod ates

83 A basic radio telescope
by J. R. Smith

85 New Products
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The world bver_ Forhigh quality electronic valves,
semiconductors and integrated
= circuits — and the speediest service —
You get the specify Haltron. It's the first choice of
Governments and many other users
throughout the world. Haltron product

best SerVice quality and reliability are clearly

confirmed. The product range is very,
very wide. And Haltron export

from Ha ltron expertise will surely meet your

requirements. Wherever you are, get
the best service. From Haltron.

Hall Electric Limited,
Electron House,
Cray Avenue, St. Mary Cray,
Haltr ) orington, Kent BRS 30..
. - Telephone : Orpington 27099
Telex: 896141

WW —~072 FOR FURTHER DETAILS
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LOW COST TESTERS

INSULATION TESTER

e Y
£y

® .

= T
&
.QW)'
e PP
’ v
PP 0 o :

A logarithmic scale covering 6 decades Is used to display
either insulation resistance or leakage current at a fixed
stabilised test voltage. The current available is limited to a
maximum value of 3mA for safety and capacitors are
automatically discharged when the instrument is switched
off or to the CAL condition. The instrument operates from a
9V internal battery.

RESISTANCE RANGES

10M Qto10TQ (1073 Q) at 250V, 500V, 750V and 1kV.
TMQto 1T Qat 25V, 50V and 100V.

100k Q10 100G Qat 2.5V, 5V and 10V.

10k Q010G Qat1Vv.

Accuracy +15% +800 Q on 6 decade logarithmic scale.
Accuracy of test voltages +£3% +50mV at scale centre.
Fall of test voitages < 2% at 10pA and < 20% at 100pA.
Short circuit current between 500pA and 3mA.
CURRENT RANGE

100pA to 100uA on 6 decade logarithmic scale.
Accuracy of current measurement +15% of indicated value.
Input voltage drop is approximately 20mV at 100pA, 200mV
at 100nA and 400mV at 100pA.

Maximum safe continuous overload is 50mA.
MEASUREMENT TIME

< 3sforresistance on all ranges relative to CAL position.
< 10s for resistance of 10G Q across 1uF on 50V to 500V.
Discharge timeto 1%is 0.1s per pF on CAL position.
RECORDER OUTPUT

1V per decade +2% with zero output at scale centre.
Maximum output 4+ 3V. Output resistance 1k Q.

v, £120

LEVELL ELECTRONICS LTD.

Moxon Street, High Barnet, Herts. EN5 6SD
Tel: 01-449 5028/440 8686

LEVELL

PORTABLE INSTRUMENTS

TRANSISTOR TESTER

Tests bipolar transistors, diodes and zener diodes. Measures
leakage down to 0.5 nA at 2V to 150V. Current gains are
checked from 1uA to 100mA. Breakdown voltages up to
100V are measured at 10pA. 100pA and 1TmA. Collector to
emitter saturation voltage is measured at TmA, 10mA, 30mA
and 100mA for I -/l g ratios of 10, 20, 30. The instrument is
powered by a 9V battery.

TRANSISTOR RANGES (PNP OR NPN)

lcso &lggo:10nA. 100nA, 1pA, 10pA and 100pA f.s.d.
acc. £2%f.s.d. £1% at voltages of 2V, 5V,
10V, 20V, 30V, 40V, 50V, 60V, 80V, 100V
120V, and 150V acc. £3% +£100mV up to
10uA with fall at 100pA < 5%+ 250mV.

10Vor100Vis.d.acc +2%f.s.d +1%at
currents of 10pA, 100pA and TmA +20%.

10nA,100nA, 1pA .. . 10mAf.s.d. acc. +£2%
f.s.d. +1%atfixed | of 1pA, 10pA, 100uA,
1mA, 10mA, 30mA, and 100mA acc. +1%.

3inverse scales of 2000to 100, 400 to 30 and
100to 10 convert ! 5 into h g readings.

1Vf.s.d.acc. £20mV measured at conditions
onhpg test.

Vee (sat)’ 1Vfs.d.acc. £20mV at collector currents of
1mA, 10mA, 30mA and 100mA with | c/ls
selected at 10, 20or 30 acc. +£20%

DIODE & ZENER DIODE RANGES

IoR As | g g transistor ranges.
\TE Breakdown ranges as BV - g  for transistors.

VpEe: 1Wfs.d. acc. £20mV atl e of TpA, 10uA,
100uA, TmA, 10mA, 30mA and 100mA.

v, £110

Prices are ex-works with batteries. Carniage and Packing
extra. VAT extra in U K. Optional extras are leather cases
and mains power units. Send for data covering our range of
portable instruments

WW—009 FOR FURTHER DETAILS
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F.M. TUNERS,

MODULES & KITS by

P 93
s K “:;% TR

THE WIRELESS WORLD TUNER"

PRESENTED BY THE AUTHORS

R o Tuner
T2TOUCH TUNED .. ........ ... £121.00
T3 DIGITAL (AS SHOWN) . ... .. .. £149.00

BOTH WITH FIVE-YEAR GUARANTEE

MAIN RECEIVER MODULE M1

072 7

c / ,
This tuner must surely provide the best value for money
available today. Combining the best of the modules shown
betow, it includes a full digital readout of frequency to a
resolution of 0.1 MHz, so that exact station identification can
be made. In addition, six pre-set stations may be selected by
touch controls having internal solid state lamps, while manual

tuning allows easy searching for distant stations under the
guidance of the digital meter.

A switchable mute system allows reception of the weakest
stations while muting inter-station noise and S$purious
responses. Perfect reception is assured by not permitting any
station to be heard which is tar enough out of tune to cause
distortion. The tuning indicator lamp provides a means of very
fine tuning, and is automatically extinguished between stations.
A powerful A.F.C. system is also incorporated which holds all
stations in tune, while not preventing manual tuning.

Good stereo reception is assured by the use of a phase locked
decoder with full "birdie’ and spurious output filtering.

Finally, but not least, the external appearance and styling bring

Kit a fresh new look to Hi-Fi. The sturdy wooden cabinet is finished
£109.00 In mat teak veneer. housing an attractive gold and brown
. anodised aluminium front panel, which carries black controls
£139.00 and inscriptions. The indicator lamps and digital displays are in

We have claimed before that this F.M system 1s the most advanced on the
market, and after nearly three years we repeat our claim. Some have borrowed

ideas, some have.not, but no other tumer gives you all the features of this unit.
How many tuners mute the spurious tuning effects found at either side of a
correctly tuned station? How many tuners fade the sound out as you tune too
far off station for good quality sound? How many tuners kill the tuning indicator
so that it does not indicate when there is no station there? How many offer you
drift free tuning? We could go on. If you want a tuner that has been well

thought out and engineered, start with this module.

M6
£44.40

W W. APRIL-MAY 1974 BY SKINGLEY & THOMPSON (UPDATED)

-

-

red, giving the finishing touches to a tuner you will be proud to
.own. .

M1KIT £27.95
MODULE £29.95

DIGITAL FREQUENCY METER M6

We are very proud of this one. We don’t have to say it’s the best, as far as we know
it's the only one! On a board less than 4'' square is all the electronics of a stable

counter with

i.f. offset (added) and a stabilized power supply! With the aid of a

small daughter board (not shown) which fits neatly into the above module (M1), the
exact station frequency is displayed to the nearest 0.1 MHz. It's a tuning scale 20"’
long with accurate calibrations every 0.1'! You get the transformer, daughter
board (ready wired in), polarized-filter, and a list of station frequencies. What more

do you want?

MODULE ONLY

NEW TOUCH TUNE MODULE M5 Mk. 2

This new module includes several new features for no increase in price
sensitivity with *"touch to earth”* mode is coupled with remote stepping and changeable
“power up’’ selection. Brighter lamps are also added and 20 turn cermit pre-sets provide

rehiable pre-selection of stations

Improved

FULL CABINET/METALWORK KIT
(Including all Nuts and Bolts, Plugs pnd Sockets, etc.)

OTHER MODULES etc.

M2 Stereo decoder . . . .... £8.36 kit £6.84

M4 Powersupply .. . ... .. ... .. £6.93 kit £6.49
SL1310 decoderIC . . ... .. £2.15

TBA750fm.if. .. ... ... ... £1.71

20vregulator iIC .. ... ..., .. £1.65

LP1186 front-end .. ... . ... £8.53

Filter, SFJ1I0 7MA .. . .. ... .. £1.71

7 segment L.E.D. (c/a) ...... £1.99

Descriptive booklet . ... .. ... . ... £0.50 (£1.50export)
Small orders (< £5.00) ...... ... £0.50 Handling charge

ALL PRICES + 12.5% VAT, U.K. ONLY

Overseas Sales by Pro-Forma Invoice. send no money.

=
BARCLAYCARD|
{mJ

£28.16

MODULE ONLY
£17.54

33 Restrop View

TO ICON DESIGN Purton, Wilts.., SN5 9DG

Please supply data on. (Circle as required)

M1 M2 M4 M5 Mk. 2 M6 ALL

Address label Block letters
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How do you translate performance,
appearance,construction, reliability
and reputation into Japanese?

for the closest approachto

Simple. Just say Quad.

Most people express surprise when they
learn that Japan is one of QUAD's largest export
markets, but a moment's reflection would show
that it's obvious.

In‘the world's' most competitive market,
the most discriminating buyers are looking for
impeccable performance, appearance,
construction, reliability and reputation, and that
1s what QUAD is all about.

Japan's foremost audio magazine Stereo
Sound has just completed a survey of its readers
in which they were asked to name the power
amplifier they would most like to own.

The QUAD 405 was voted ‘Best Buy' and
top in its price category (under 150,000 yen) by a
large margin, and was voted second irrespective
of price.

Clever chaps these British!

For further details on the full range of
QUAD products write to:

The Acoustical o
Manufacturing Co. Ltd,,
Huntingdon, Cambs. PE18 7DB.
Telephone: (0480) 52561.

QUAD

the original sound

QUAD /s a Registered Trade Mark

WW-—-063 FOR FURTHER DETAILS
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EEl

J

PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS

~

MSI 6800

with 8K Ram. Runs at 2MH2Z

KIT £375

SWTPC 6800

with 4K Ram.

KIT £275

FD8 FLOPPY DISC £935. BFD68 MINI FLOPPY £522
SOROC 10120 TERMINAL £699 ASS.
CASSETTE INTERFACE KIT £18.95

Send S.A.E. for full brochure

STRUMECH ENG. ELECTRONICS DIV. BROWNHILLS 4321

Runs at 1MHZ

WW—M0 FOR FURTHER DETAILS
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The FOR-4 Mark 2

The new Medelec FOR-4-2
fibre optic

recording oscilloscope is
the result of a constant
research and development
policy. It incorporates
many refinements which
have been made to
customers’ special
requirements.

The FOR-4-2 provides
industrial and research
users with high quality
recording facilities at really
low cost. X-Y Plot,
Transient and Raster mode
are all available in a single
instrument.

Special features of the Medelec
FOR-4-2 include:
@10 times gain X and Y
(1mV/cm on 4 Y channels)
oFully automatic triggering
(with higher sensitivity)
elmproved recording facilities
(for greater flexibility)
@ Light control filter
(for excellent contrast)

e Wide speed range (from 0.1to
1000 mm/sec —in 3 models)

@ Internal loudspeaker (for
audio monitoring)

For further information on the
new FOR-4-2 or
instruments in the range,contact:

MEDELEC LIMITED

Manor Way, Woking

Tel: Woking (048 62) 70331
Telegrams: Medelec, Woking

3

medelec 3

1972

Leadersin
Hiore OpticRecording

WW—018 FOR FURHER DETAILS
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Be Trigger Happy

—with these new Philips 25 MHz scopes

PM 3214.:25 MHz[2mV. Dual-trace with
calibrated delayed sweep and simultaneous
display of both time-base signals. Double-
insulated power supply.

PM3212:25 MHz/2mV. Dual- trace

Comprehensive triggering facilities
ncluding peak detected auto mode, d.c.
coupling, t.v. sync and composite.

PM 3212/14 -
they make more of yout’budget

- l_\..
Budget beaters PM3312 and v m/ crl?f\)‘l3214 aff;!'rsu s
ir 3214 set new prme/peffomanég :@Rgu bﬂ'hothtlmeibaée.t J|..
- standards, offering everytTung—voud N sne tnnn i~ .
expect |r1 Lnstr [ ent
h-fre
I

;_pl--o to
Cé

WW--079 FOR FURTHER DETAILS
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Design
Development

Prototype or
quantity production

Wound components
sub-assemblies

Professional or
consumer

applications

Design onour
capability

Probably the best-equipped — and most experienced
coil-windings specialists in Europe, Plessey Windings
invites enquiries for all types of wound components
and sub-assemblies.

PLESSEY

WINDINGS

Vicarage Lane, llford, Essex, England IG1 4AQ
Telephone (01) 478 3040 .Telex: 23166

More information, please, '
about coil winding

Name

Company

= Position

Telephone

Please call me '

WW-—-015 FOR FURTHER DETAILS
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The Allen and Heath Broadcast
Feed Forward Delay Limiter.

The only limiter that makes it IMPOSSIBLE for a
transient peak to pass through the unit, without the use
of clipping devices. Included in its design is a
revolutionary bucket brigade integrated circuit. This
delays the main signal path by approximately one
thousandth of a second. Thus gain reduction is fed
forward before there is any increase in the programme
level. The urit can be used with high powered equipment
such as broadcast units and P.A. systems. Use ittoo in
studios with effects units.

Try and test one at our demo. studio. Pembroke House,
Campsbourne Road, Hornsey, London N8.

Or, for more informatior, call Andrew Stirling at
01-340 3291.

HH Allen and Heath Limited.

WW——074 FOR FURTHER DETAILS
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NIRPLIIN

in a modern world of electronics

AUDIO MIXER

A superb stereo audio mixer. It can be
equipped with up to 16 input modules of your
choice and its performance matches that of the
very best tape-recorders and hi-fi equipment.
It meets the requirements of professional
recording studios. FM radio stations. concert
halls and theatres. Full construction details in
our catalogue. A component schedule is
0

THE “DRUMSETTE"
RHYTHM GENERATOR

Drganists, pianists. guitarists . .. an automatic
drum set to accompany you'! Nine highly
realistic instruments play fifteen different
rhythms. Fifteen rhythm-select touch switches
and a touch plate for stop/ start without rhythm
change gives absolute ease of operation. Build
it yourself for under €65 including smart
teak-etfect cabinet. See it and hear it in our
shop! Send for full construction details now:
MES 49. Price 25p.

SYNTHESISER

The International 4600 Synthesiser. A very
comprehensive unit. Over 400 sold. We stock
all the parts costing less than £500 including
fully punched and printed metaiwork and a
smart teak cabinet. Far less than half what
you'd pay for a ready made synthesiser of
equal quality. Specification on request. full
construction details in our construction book

INTEGRATED
CIRGUITS

Over 35 pages in our catalogue
devoted to hundreds of useful
1.C.s. Al with data, pin connec-
tions and many with applications
circuits and projects to build.
Post the coupon now!

"T.V. GAME —

A fascinating TV game kit that

plays football, tennis, squash and | RN e
practice for only £21.59. Reprint of & » g ‘?‘ PWHO SAYS THE
construction details 35p. Add-on & *s MAPLIN CATALOGUE'S
rifle kit only £10.60. . WORTH HAVING??

p in our ‘musls’ for readers-10-

collect list” — P.E.

“contains . . . just about everything the DIY
electronics enthusiast requires.” — P.W.
‘probably the most comprehensive catalogue
we have ever come across.” — E.E.
““has been carefully prepared and is very well
presented.” — R.E.C.

“make the job of ordering components an
easy, accurate and enjoyabie pastime.” — P.W.
“only one word describes the publication
— superh!” — E.T.L.

OVER 60.000 COPIES SOLD
DON'T MiSS OUT! SEND 60p NOW

MAPLIN ELECTRONIC SUPPLIES
P.0. Box 3. Rayleigh. Essex SS6 8LR
Telephone: Southend (0702} 715155

Shop: 284 London Road
westclit!-on-Sea. Essex
{Closed on Monday)

Our  bi-monthly newsletter
keeps you up to date with latest
guaranteed prices — our latest
special offers — details of new
projects and new lines. Send
30p for the next six issues (5p
discount voucher with each

Telephone: Southend 3
(0702) 715157 4
o ) d POST THIS COUPON \ W=
! - 3 I NOW FOR YOUR COPY OF OUR CATALOGUE \ .
> ¥ J PRICE 60p .
¥ ’ J )
2 L Please rush me a copy of your 216 page catalogue. ‘ A
¥ » il L l | enclose 60p. but understand that if | am not completely ‘ -
N - satisfied | may return the catalogue to you within 14 days
S TR : ' and have my 60p refunded immediately.
. e
Lhy e 1
. o 3 NAME
' ";‘AuunEss Someeasnnaanass a6l .
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HIGH POWER DC

COUPLED AMPLIFIER

PO e UP TO 500 WATTS RMS FROM ONE CHANNEL
' " * DC-COUPLED THROUGHOUT
o i »a * OPERATES INTO LOADS AS LOW AS 1 OHM

»*

FULLY PROTECTED AGAINST SHORT CCT,

T ‘ * 3 YEAR WARRANTY ON PARTS AND LABOUR

The DC300A Power Amplifier is the successor to the world famous DC300 which is so widely used in
Industrial, and Research applications in this country. It is DC-coupled throughout so providing a power
bandwidth from DC to over 20,000Hz.The ability of the DC300A to operate without fuss into totally
reactive loads while dehvering its full power, and maintaining its faithful reproduction of Pulse or complex
waveforms has established the DC300A as the world’s leading power amplifier. Each of the two channels
will operate into loads as low as 1 ohm, and the amplifier can be rapidly connected as a single ended
amplifier providing over 650 watts RMS into a 4 ohms load, and still providing a bandwidth down to

DC. Below is a brief specification of the DC300A. but if you require a data sheet, or a demonstration
of this fine equipment please let us know.

Power Bandwidth

Power at clip point {1 chan)
Phase Response

Harmonic Distortion

tntermod. Distortion

Damping Factor

Hum & Noise (20-20kHz)
Other models in the range: D60

DC 20kHz « 150 watts + 1db
500 watts rms into 2.5 ohms
+0 15 DC to 20kHz. 1 watt 802
Below 0.05% DC to 20kHz
Below 0.05% Q.01 watt to 150 watts
Greater than 200 DC to 1kHz at 80
At least 110db below 150 watts

60 watts per channel

Odb Slewing Rate
Load impedance
Input sensitvity
Input Impedance
Protection
Power supply
Dimensions

8 volts per microsecond

1 ohm to infinity

175 V for 150 watts into 8§

10K ohms to 100K ohms

Short. mismatch & open cct. protection
120-256V. 50-400H:z

19" Rackmount. 7" High, 93" Deep

D150A — 150 watts per channel
Other models available from 100 watts to 3000 watts

MACINNES LABORATORIES LTD.

MACINNES FRANGE

18 Rue Botzaris

Macinnes House, Carlton Park Industrial Estate Paris 75019, France

Saxmundham, Suffolk IP17 2NL. Tel: (0728) 2262 2615

Tel: 206-60-80 or 206-83-61
WW—046 FOR FURTHER DETAILS

A. D. BAYLISS & SON LTD.
Behind this name

there’s a lot of
real POWER!

Illustrated right is a TITAN DRILL

Mounted in a ti-purpose stand This drill 1s a powerful tool running on 12v DC at approx
9000 rpm with a torque of 350 grm c¢m Chuck capacity 3 00 m /' m

The multi-purpose siand obustly constructed of steel and aluminium The base and bracket are
tinished n hammer blue
Aiso available for use in the stand s the RELIANT DRILL which 1s a smaller version of the Titan

Approx speed 9000 rpm 12v DC torque 35 grm cm Capacity 2 4 m/m

TITAN DRILL & STAND £19.50
+ 8% VAT = £21 06 + £1 P&P

TITAN DRILL ONLY £8.90 + 8% VAT = £9 61 + 35p P&P
RELIANT DRILL & STAND £16.37
8% VAT = £17.68 + £1 P8P

RELIANT DRILL ONL £5.22 + 8% VAT £5 64 + 35p P&P

hese are exam, f
de elonme'\l er\g er

the ext ve range

¢ p !h power tools. Exp
other tools
END STAMP for full dataills in main distributors

J Power Services & Co Ltd., Worcester

TITAN MINI KIT DRILL £14.78
Plus 20 Tool + 89 VAT = £15°93 7 50p P&P
RELIANT MINI KiT DRILL £12.00
P s + 8% VAT = £13 08 + 50p P&P
TRANSFORMER UNIT £8.55

8% VAT = £9 23 + 75p P&P

t power tools designed to meet the needs of
laboratory workers, model makers and others requining small precison

offer a comprehensive selection of Drills Grinding Points and

A. D. BAYLISS & SON LTD., Pfera Works, Redmarley, Glos. GL19 3JU

Stockists Richards Electric. Worcester and Gloucester. Hoopers of Ledbury Hobbs of Ledbury. D&D Models, Hereford, Bertella, Gioucester

WW-—031 FOR FURTHER DETAILS
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/ The EF5400, a 4 stage varicap tunerhead, tuning 88-108MHz
with a bias swing of just 2 - 8 volts DC. A single IC provides

all functions, including PIN diode AGC drive, balanced mixer,

TUNER MODULES OK?

We've said it before, and we’ll say it again;

We offer the Largest and the Best range of FM Tuner modules in the UK, Europe and we

believe in the World. {Please advise us if you know differently.) We gasp when we read the
unsupportable claims of other ‘suppliers’, describing things like deviation muting, which we have

been offering in our 7030 FM IF system for ages. Long before most others gave it a thought

To read some adverts, you might imagine somebody had just discovered the wheel. Furthermore,

we believe good signal processing is more important than rows of pretty lights and numbers, don’t you?

ALL NEW CATALOGUE

To celebrate our new range of ICs, components, coils, filters, FM and AM modules etc., we are
presenting an entirely new cataiogue, which is free if you send an A4 SAE (15p stamp on it pse), and
the front page from one of our old catalogues. This offer ceases on May 31st 1978, when the normal
price of 45p will apply. The new catalogue contains radio and wireless features centred on our new
developments with Sprague, Telefunken and RCA, with the TDA1083 MW/LW/FM/Audio all-in-one

IC system, the TDA1062 4 stage |C tunerhead, the CA3189E IF system, the Hitachi HA11219 FM noise
blanking system and other radical new technology announced in the past few months. We are certain
this will be of great value and interest to anyone concerned with radio and RF design.

11

S - == Always in the leading group, here is Ambit’s 73189 )F system.
The rest of our new range includes resistors, capacitors and many items that now complete our optional 2 or 3 6pole linear phase |F filters, 2xMOSFET IF
range for the electrenics enthusiast and designer. We naturally carry thé very latest in radio AGC stage, with the CA3189E. £16.25 built and aligned.
semiconductors, and are pleased to report many new developments in the past six months, that
are now readily available, with technical backup, from Ambit. But quite apart from our technical
capability, we think you will find our prices attractive, and our product always first quality.

Examples from the range of compenents, modules etc.:

Resistors % watt types in E12 series, 1 ohm to 100 ohms (Mullard/Iskra/piher) 15p/10
Minimum order 10 per value please. Minimum resistor-only order £1.50.

Ceramic plate and disc capacitors: only miniature and compact types eg. 10nF: 35p/10
CA3189E: RCA's new IF system, £2.75 inc. detector coil and 22uH choke.

TDA1083: Sprague/Telefunken AM/FM/Audio IC. 800mW output max £2.55
TDA1062: Telefunken FM tunerhead IC, good for 200MHz, £2.75

Modules as previously advertized, plus these new ones: EF5803, 93189 EF5400, MPX decoder:
911968: The superior HA1196 now with a 2W monitor amplifier, and eptional adjacent or
alternate channel notching facility, as well as a 55kHz low pass filter, pilot tone filters etc. £16.45
New from TOKO: CFM2 series 4 section ladder filters for 455kHz 6 & 12kHz versions £1.35 each,
CFM2 2 section mechanical filters for 455kHz, same size as CFS series filters! Plus others

.............. The EF5803 here 1s shown tess the tinplate shielding can normally supplied
The EF5803: the ultimate? 2x low noise MOSFET RF stages

a
with AGC, MOSFET mixer, very loose stage coupling for super
high Q. Amplified local osc output. Used in conjunction with
the 73189 system, provides 35dB S/N with 0.63uV PD input.

And all these modules are British Made. EF5803: £19.75.

2 GRESHAM ROAD BRENTWOOD ESSEX Prices exclude VAT. Postage 25p per order. Catalogue {see text) 45p.

Telephone (0277}216029. Parking outside the front of our building.
WW -—087 FOR FURTHER DETAILS

Get your copy of the
Proline Professional
tape recorder leaflet.

REL WILLYOU BE

Written by
ol for he nv [“n MAY 1978
only for the .
prOfeSSiona l The E.E.C. Directive 76/889, covering radio interference

the leaflet caused by electrical houschold a pl}ancc(l)s:igortablc tools and

i similar equipment, wil} become law in 1978, ) -

gtves ul To assist manufacturers 10 comply with these regulations we
information have not only established a tully equipped supgrcssn(l)n
laboratory for undertakin R.F.I. testing, but have also
on a range of developed a wide range of components 10 perform this

recorders,noted suppression function.
for their Send for our brochure on R. I I and discuss vour problems with our

Engineers.
SOPHISTICATION WITHOUT COMPLICATION

Fill in the reader enquiry card or write to:
TONY COSTELLO OR JOHN ROBINSON
LEEVERS-RICH EQUIPMENT LTD

319 TRINITY ROAD LONDON SwW18 3SL
01-874 9054

ITT Components Group Europe

RESISTOR DIVISION
South Denes, Great Yar,mouth, Norfolk NR30 3PX

Tel: 0493 56122 Telex: 97421

Components

WW-—043 FOR FURTHER DETAILS WW—069 FOR FURTHER DETAILS

. . . i
wwWw americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD. MARCH 1978

KGM TV CAMERAS
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Type 130 is a compact 2/3 inch camera with an unusually
high specification for a camera of this size. It is a sturdy,
reliable camera of great versatility.

Type 113 is an extremely rugged camera designed for critical
applications of a very wide nature. Resolution is better than 800 lines.

Type 118 is a day and night camera based on Type 113 but with many
unique features to enhance its performance in difficult light conditions.

KGM cameras and monitors are backed by KGM’s many years’ experience
of designing and building CCTV equipment for large industrial
users and leading public authorities. Send for your data sheets now.

ELECTRONICS
= ; UMIMTED

Clock Tower Road, Isleworth. Middlesex TW7 6DU
Tel: 01-568 0151. Telex: 934120

WW—041 FOR FURTHER DETAILS

KFYL @ él METER PROBLEMS?

TRANSDUCER and RECORDER | I

reliable high
performance &
practical controls.
individually
powered modules—
mains or dc option
single cases and up

; to 17 modules in
] standard 19" crates
small size—low
weight—realistic 137 Standard Ranges in a variety of
prices. sizes and stylings available for 10-14
days delivery. Other Ranges and

D Fylde special scales can be rnade to order
~ Electronic

i Full Information from:
49/51 Fylde Road Preston L?b(_)ratones wil Information from
PR12XQ Limited. HARRIS ELECTRONICS (London)
k VElepen WS ey -/ 138 GRAYS INN ROAD, W.C.1  Phone: 01/837/7937
WW—053 FOR FURTHER DETAILS WW—028 FOR FURTHER DETAILS
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Understanding Digital Electronics
New teach-yourself courses

Design of Digital Systems is written for the engineer seeking to learn
more about digital electronics. Its six volumes — each A4 size — are
packed with information, diagrams and questions designed to lead you
step-by-step through number systems and Boolean algebra to
memories, counters and simple arithmetic circuits, and finally to a
complete understanding of the design and operation of calculators and
computers.

The contents of Design of Digital Systems include:

Book 1 Octal, hexadecimaland binary number systems; conversion
' between number systems, representation of negative numbers;
complementary systems; binary multiplication and division.

Book 2 OR and AND functions; logic gates. NOT, exlusive OR.
NAND, NOR and exclusive-NOR functions; multiple input gates; truth
tables; De Morgans Laws. canonical forms: logic conventions;
Karnaugh mapping. three-state and wied iogic.

Book 3 Half adders and tuli adders; subtractors; serial and parallel
adders; processors and arithmetic logic umits (ALUs); multiplication
and division systems.

Book 4 Flip flops: shift registers; asynchronous and synchronous
counters. ring. Johnson and exctusive-OR feedback counters: random
access memories (RAMs) and read only memories (ROMs).

Book 5 Structure of calculators; keyboard encoding; decoding display
data; register systems; control unit; program ROM, address decoding;
instruction sets; instruction decoding. control program structure.
Book 6 Central processing unit (CPU): memory organisation;
character representation; program storage; address modes: input/
output systems; program interrupts; interrupt priorities; programming.
assemblers; computers; executive programs; operating systems and
time sharing.

Digital Computer Logic and Electronics is designed for the
beginner. No mathematical knowledge other than simple arithmetic is
assumed, though the student should have an aptitude for logical
thought. It consists of four volumes — each A4 size — and serves as an
introduction to the subject of digital electronics Everyone can learn
from it — designer, executive, scientist, student, engineer.

Contents include Binary, octal and decimal number systems.
conversion between number systems; AND, OR, NOR and NAND
gates and inverters; Boolean algebra and truth tables, De Morgans
Laws, design of logic circuits using NOR gates, R-S and J-K flip flops.
binary counters, shift registers and half adders

4 CAMBRIDGE LEARNING ENTERPRISES. UNIT 3. FREEPOST. RIVERMILL
LODGE. ST. IVES, HUNTINGDON. CAMBS. PE17 4BR. ENGLAND.
TELEPHONE: ST. IVES (0480) 67446
PROPRIETORS: DAYRIDGE LTD. REG. OFFICE: RIVERMILL LODGE. ST. IVES
REGD. IN ENGLAND No. 1328762

their name into a telephone which would automatically look up their

of information before proceeding.

In the years ahead the products of digital electronics technology will play
animportant partin your hfe. Calculators and digital watches are already
commonplace. Tomorrow a digital display could show your vehicle
speed and petrol consumption; you could be calling people by entering

number and dial it for you.

These courses were written by experts in electronics and learning
systems so that you could teach yourself the theory and application of
digital logic. Learning by self-instruction has the advantages of being
faster and more thorough than classroom learning. You work at your
own pace and must respond by answering questions on each new piece

After completing these courses you will have broadened your career
prospects and increased your fundamental understanding of the rapidly
changing technological world around you.

The six volumes of Design of + 90p post &
Digital Systems cost oniy: £7 . l 0 o 5

! Y
And the four volumes of surface mail

Digital Computer Logic and

Electronics cost only: anywhere in

£4.60 !
£11.10

i the world.
But if you buy both courses,

the total cost is only: Airmail extra.

Flow Charts & Algorithms

HELP YOU PRESENT

safety procedures, government legislation. office
procedures, teaching materials and computer
programs by means of YES and NO answers to
questions

THE ALGORITHM WRITER'S GUIDE explains how
to define the questions, put them in the best order
and draw the flow chart, with numerous examples
shown. All that students require is an aptitude for
logical thought Size A5, 130 pages This book is a
MUST for those with things to say

+ 45p post & packing by surface
mail anywhere in the world. Airmail
extra

£2.95

GUARANTEE Giro Ac No 2789159
If you are not entirely satisified your money will be refunded

r Cambndge Learning Enterprises., Unit 3, Freepost.
Rivermill Lodge, St Ives, Huntingdon. Cambs,
England.

.Please send me the following books
sets Digital Computer Logic & Electronics @ £5 50. p & p
included
. sets Design of Digital Systems @ £8 00, p & p included
.. Combined sets @ £12 00. p & p included
. The Algorithm Writer's guide @ £3 40, p & p included

PE17 4BR.

Name
Address

I enclose a cheque/ PO payable to Cambridge Learning Enter-
prises for £

Please charge my "Access/ Barclaycard - Visas Eurocard/
Mastercharge / Interbank account number 5o a
Signature . “deleted as appropriate
Telephone orders from credut card holders accepted on 0480-
67446 (ansafone) Overseas customers should send a bank draftin

|
|
I
I
I
I
|
I
I
I
I
I
I
I
1

sterling drawn on a London Bank Ww3
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[ FAST RESPONSE STRIP CHART REGORDERS |

Made in USSR

Series H3020 Series H327

X

Basic error 2.5% . Polarized moving iron movements
Sensitivity 8mA F.S.D with syphon pens directly attached
Response 0.2 sec Built-in solid state amplifier {one
Width of each channe! per channel) provides 8 calibrated
Single and three-pen sensitivity steps Two marker pens
recorders: 80mm are provided

Five-pen recorders: 50mm Basic error 4% . Frequency
response from DC to 100Hz 2dB

Chart speeds, selected by push buttonss 0 1-0 2-0 5-1.0-
L 2.5-5.0-12.5-25 mm /sec
Chart drive- 200-250V 5CHz

Recording Syphon pen directly attached to moving coil frames Sensitivity: 0.02-005-01-02-05-1-2-5 volts/cm

Curvilinear co-ordinates Width of.each recording channel” 40mm

Equipment Marker pen, timer pen, paper footage indicator, 10 Chart drive: 220-250V 50H:z

rolls of paper, connectors, etc. Chart speeds 1-2-5-10-50-125-250mm /sec

H3020-1 (Single pen): 285mm wide x 384mm deep x 165mm Type H3271-1. Single pen: Dimensions 259 x 384 x 165mm
high PRICE £108.00 Weight 15 kilos PRICE £265.00

H3020-3 (Three pen): 475mm wide x 384mm deep x 165mm Type H327-3. Three pen: Dimensions 335 x 384 x 165mm
high . PRICE £160.00 Weight 20 kilos PRICE £520.00

H3020-5 (Flve pen) 475mm wide x 384mm deep x 185mm Type H327-5. Five pen. Dimensions 425 x 385 x 165mm
high . PRICE £295.00 Weight 25 kilos PRICE £770.00.

Note Prices are exclusive of VAT

Available for immediate delivery

Z & | AERO SERVICES LTD.

44A WESTBOURNE GROVE, LONDON W2 5SF
Tel. 01-727 5641 Telex: 261306

i P2 el
WW-—-061 FOR FURTHER DETAILS

With the new 550603 you're getting high performance.
A high performance, precision instrument at low cost.
Justlook at the features m Sine square waveforms with three options on the'square
wave - including TTL output m Frequency range of 10Hz to IMHz m Sink capacity up
to 8 TTL standard loads m 0-15V pk-pk variable output m Special output to meet your
CMOS requirements m Output level flatness better than 19 over entire range
and all at only £91 plus VAT — that's real value.

—— i
SINE SGQUARE OSCILLATOR SS0603
. FREQUE ‘r
tOKk~10k

0% - 100K !
0ukc-1.0m S vy

% FEEDBACK

1001, K -
D= 4

5 W QUTRUT e

4 Vb - px

<
4

Y

. - » 2 8, Ty

SYRC OUT ““ . T - only
: % !
' g ’/}”Ii! ! “““ ' . l E’

e 1
The SS0603 S
from Feedback & ¢ P

Meeting your specification on performance and price. I L
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(Four Good Reasons
for using

Zettler Relays:

Zettler Relays are first class quality
We have about 50 years experience in producing relays
Zettler Relays are readily available.
Most are available ex stock Harrow
Zettler Relays are proved in practical applications.
Millions are used in our own electronic systems and products.
Zettler has the right refay for most applications, e. g

\  Hybrid Relays AZ 1435..1442
with electronic input and contact output
AZ 1435 Voltage monitor (3. 30 V)
AZ 1436 Pick-up retarder (1. 30 s)

AZ 1437 Drop-out retarder {1 .30 s}
AZ 1438 Pulse time limiter

(50..1500 ms)

AZ 1439 Monoflop {(50. 1500 ms)

AZ 1440 Mulnflop (01 30s)

AZ 1441 Flip-tlop (24 V + 10%-15%,
approx. 30 mA max )

AZ 1442 And-gate

{nput currents 1 mA max.)

.y
. Let us help you with your switching problems.

est. 1877

Zettler UK Division
Brember Road - Harrow, Middx. HA2 8AS - Tel (01) 422 0061

Zettler offers more than technology

WWwW—027 FOR FURTHER DETAILS

BRENELL MK. 7
TRANSPORTS

Professional Ya inch tape transports built into portable
carrying cases complete with all deck controls and
power supplies.

Full solenoid operation
Illuminated push button controls
Three papst motors

Indirect belt drive capstan

15, 7.5, 3.75ips

0.03% wow and flutter

Front panel for audio electronics

* 4 % % % 4

Heads are not included but a imited stock of 2, 4
and full track sets are available.

Contact: Andrew Munro
Allen and Heath/Brenell Ltd.,
Pembroke House, Campsbourne Road, Hornsey,
London N8
Telephone: 01-340 3291
Telex: 267727 BATGRP G

WW-—011 FOR FURTHER DETAILS

s Easiest and guickest way of punching holes in sheet
metal (up to 1.625mm mild steel)
s Q-MAX stands for quality and reliability
s Holes are punched cleanly and no filing is necessary
= Continuous even load during punching
No jagged edges. Burr freehole
® Specially heat treated to maintain keen cutting edge
s Used for years all over the world
s Simple operation, saving time and energy

57 METRIC & LINEAR SIZES

SHEET METAL PUNCHES

(R)
Q-Max (Electronics) Ltd

40-41 Furnival Street
London EC4A 1JQ
Telephone: 01-242 7400

WW — 026 FOR FURTHER DETAILS
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WHY SETTLE FOR LESS—
THAN A 6800 SYSTEM

MEMORY — INTERFACE—

All static memory with selected 2102 IC’s al- Serial control interface connects to any RS-232, or
lows processor to run at its maximum 20 Ma. TTY control terminal. Connectors pro-
speed at all times. No refresh system is vided for expansion of up to eight interfaces.
needed and no time is lost in me- Unique programmable interface circuits
mory refresh cycles. Each board ) allow you to match the interface to al-
holds 4,096 words of this ) ,{f‘f‘ most any possible combination of
proven reliable and trouble ——— : i polarity and control signal ar-

rangements. Baud rate selec-

tion can be made on each
individual interface. All

this at a sensible cost
of only£30.00for
either serial, or
parallel type

free memory. Cost—
only £80.00 for
each full 4K
memory.

PROCESSOR—

“"Motorola” M6800 processor
with l\/likbug® ROM operating
system. Automatic reset and load
ing, plus full compatability with
Motorola evaluation set software. Crystal
controlied oscillator provides the clock signal
for the processor and is divided down by the fully expanded system of memory
MC14411 to provide the various Baud rate outputs and interface boards. Note 25 Amp
for the interface circuits. Full buffering on all data rectifier bridge and 91,000 mfd computer
and address busses insures ‘glitch”’ free operation with grade filter capacitor.

full expansion of memory and interfaces.

POWER
SUPPLY—

Heavy duty 10.0 Amp power
supply capable of powering a

_\Iz'lsbué'® is a registered lrademark of

DOCUMENTAT'ON— Motorola Inc.

Probably the most extensive and complete set of data available for any

microprocessor system is supplied with our 6800 computer. This includes sﬂ @@
the Motorola programming manual, our own very complete assembly in- Computer System
structions, plus a notebook full of information that we have compiled on
the system hardware and programming. This includes diagnostic programs,

sample programs and evem a Tic Tac Toe listing. of memory. . ... .. ...... £275.00
PRICE EFFECTIVE 1st OCTOBER, 1977 (Kit form only)

with serial interface and 4,096 words

. Please send me details of your full range of computer equipment
and software.

NAME . o e

qw esoo sz OB 1

e —

|

|

| Southwest Technical Products Co.
| 174 Ifield Road, London, SW10

Prices quoted do not
include VAT |

WW —048 FOR FURTHER DETAILS
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that’s the new, highly accurate RF signal generator from
Philips which offers everything you’ve ever asked us for.

Precise frequency selection between 100 kHz and 125 MHz has never been easier than withthe new PM 5326 RF signal generator.
Its built-in five digit display allows spot-on frequency setting to one partin 10,000 in nine push-buttonranges. Specially designed for
everyone involved withreceiver sensitivity and selectivity measurements, this exceptionally well screened instrument alsoprovides
four wobbulator ranges for the alignment of IF amplifiers and FMreceivers and even enables the counter to be used on its own for
measuring external signals. It adds yet again tothe highly-successfulrange of Philips instruments (some of which are shown here) for
theradio, audio and TV workshop.Write today for full information on the new PM 5326 and a 16 page brochure on radio and TV service.

1 PM5509 PAL TV Pattern Generator

The ultimate in pattern generators. Full IF
coverage:band |, I, 1V and V. Electronic
tuning with presetchannels.

2 PM5501 PAL TV Pattern Generator
Extremely light, portable instrument for service
in customer's home. Five different test patterns
available.

3 PM6456 FM Stereo Generator

The PM6456 gives a complete stereo signal,
L-and R signal.lInternal L.F. modulation:
1and5kHz.

4 PM5324 HF Generator

Frequency range 100 kHz-110 MHz. X-tal
calibration. Special bandspreadranges. High
frequency stability.

5 PM5334 TV Sweep Generator

Ideal for overhaulingrental sets. 8 frequency
ranges. 3 MHz-860 MHz. Sweep width
continuously adjustable. One variable and
three fixed markers.

6 PM6307 Wow and Flutter Meter

High degree of accuracy and stability from X-tal
controlled oscillator.Very easyto use.

®_ Pye UnicamLtd
[ Philips Electronic (nstruments Dept
York Street, Cambridge, England CB1 2PX

Tel: Cambridge (0223) 58866 Telex : 817331

priies]  Test & Measuring |
% Instruments

AV —086 FOR FURTHER DETAILS

[J AUDIO AND VIDEQ SERVICE EQUIPMENT [ AUTOMATIF." . AND MEASURING EQUIPMENT [ COUNIERS AND CUUNTER/TMIERS' ) BC POWER SUPPLIES AND AC STABILIZERS
(J LOW FREQUENCY EQUIPMENT ] MICROWAVE EQU * .i [J MULTIMETERS J'OSCILLOSCOPES [1 PROFESSIONAL TV EQUIPMENT [ PULSE GENERATORS. [ RECORDERS


www.americanradiohistory.com

18

WIRELESS WORLD, MARCH 1978

After the introduction of the CQ 110 E and CQ 301, NEC have
completed their CQ-Line with the CQ 201 Digital VFO, the SP 110
Speaker and the M110 SSB Microphone. The NEC CQ-Line
represents highest technical standard, with regard to design,
quality, reliability and price which is available to the modern radio
communicator today.

NEC CQ 110 E, 300 watts Digital transceiver Modes: FSK/
USB/LSB/CW/AM, 100-240V AC/13.5DC handmike, Control
speaker, VOX Sidetone, 3 Xtal filters, Blower, RCA 7360 RX
Mixer, 22 fix-channels, 60 Page Manual, 160-10 meter, 11

Ranges of 500 Khz.

NEC CQ 301 2-3 KW SSB/AM Linear Amplifier 160-10 meter,
2 EIMAC 3-500Z. Handbook, 100-240 V AC. High Speed
Blower, incorp. Power Supply.

NEC CQ 201 Digital Additional VFO for Split-Frequency
Operation, containing 3 VFO systems, usable as frequency
counter, 100-240 V AC/13.5VDC, Handbook.

NEC SP 110 Communication Speaker with Electronical Digital

Clock, timer, etc. handbook 100-240 VAC.

NEC M 110 SSB Communications Microphone, designed for CQ
— Line.

Colour of CQ line brown military sand-touch.

* Dealer inquiries welcome

* ASK ABOUT OUR UP TO 120 DAYS FINANCING FACILITIES

* ASK FOR OUR COLOUR CATALOGUE against payment of
SFR 16 — or any other equivalent currency.

* Shipments to EVERYWHERE

Sole distributor in Europe:

CEC Corp., Via Valdani 1 —CH 6830 CHIASSO—SWITZERLAND
Phone: (091) 44 26 51. Telex: 79959 CH

WW—059 FOR FURTHER DETAILS

"ELECTRONIC
INDUSTRIAL THERMOMETER

mii

P —

THE MODERN WAY TO MEASURE TEMPERATURE
A Thermometer designed to operate as an Electronic Test Meter. will
measure temperature of Air, Metals, Liquids, Machinery, etc.. etc.
Just plug-in the Probe, and read the temperature on the large open

scale meter. Supplied with carrying case. Probe and internal 15
volt standard size battery.

Model “Mini-Z 1" measures from—40° Cto + 70° C. Price £25.00

Madel “Mini-Z 2" measures from—5° Cto + 105° ¢ Price £25.00

"ModeT “Mini-Z Hi” measures from + 100° Cto + 500° C  £27.50
(VAT 8% EXTRA)

Write for turther details to

HARRIS ELECTRONICS (LONDON)

138 GRAY'S INN ROAD, LONDON, WC1X 8AX
(Phone 01-837 7937)

WW—029 FOR FURTHER DETAILS

Contractors to H M. Govt. PO

REPAIRS

OF ELECTRICAL MEASURING INSTRUMENTS
7-14 DAYS SERVICE

« MODEL 8 MKV

UPPLIERS OF GEC
LS50 AND OTHER
MULTI RANGE TEST SETS

WE SPECIALISE IN ASSEMBLIES, AND IN THE
REPAIR, CALIBRATION AND CONVERSION
OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL
AND PRECISION GRADE

LEDON INSTRUMENTS LTD.

GLADSTONE WORKS, GLADSTONE RD,
FOLKESTONE, KENT.
TEL: (STD} 0303 57555

WW—054 FOR FURTHER DETAILS
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Datatape 4020.A new

instrumentation

magnetic tape recorder.

§he T

The Datatape 4020
gives you:

Speedratio 128 to 1 with WB1 FM

Slow speed of 15/32 i.p.s. giving 34
hours of recording .

Subtractive flutter compensation
reduces effects of vibration and
shock.

FM signal to noise ratio 53 db.

WB Direct speeds switchable in
ranges from 60to 15/16 i.p.s. to
I.R.L.G. standards.

Optional Direct Bandwidths of IMHz
Wideband or 300 kHz Intermediates.

Mains or 28V d.c. operation.

The new 4020 laboratory/portabie tape i
recorder gives you a record/playback
instrumentation system which includes
all the features normally associated with
larger units. Standard features include:-
a tape footage counter, end-of-tape and
near-end-of-tape control, record transfer
at near-end-of-tape. Optional (plug-in)
features include:- FM calibrator, tape
shuttle, tape track speed control servo,
peak reading monitor meters, edge track
voice.

For further information please contact us
at the address below.

ELECTRONICS & INSTRUMENTS DIVISION

BELL& HOWELL

Lennox Road, Basingstoke
Hampshire RG22 4AW
Telephone (0256) 20244

WW-—093 FOR FURTHER DETAILS
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SK 10. Takes up to eight 14 pin

Insertion life of 10,000 cycles.
Contactresistance 5 millichm
average. Housing i1s acetal
copolymer

SK 50. Half size version of SK 10
for tight places and student use.
Takes four DILs.

Both sockets carry a lifetime
guarantee. If a unitever fails in
normal usage, returnitto us fora
free replacement. No questions
asked.

3
I8

INSTANT CIRCUIT DESIGN WITH THE BHe SYSTEM!

DILs. Allcomponents insert directly.

WIRELESS WORLD, MARCH 1978

Bugbooks i &l digital electronics.
Bugbooks V & VI: interfacing with
8080A.BRS series 1-4; operationat
amplifiers.

Send for The Complete

A good case for your system.
HO 6 high impact moulded case.
Takes four SK 10 sockets. Size
3.5IN.Hx7.6inWx8in D
(8.9x19.3x 22.9cm.). Slope

approx.17°. Bugworks -our [~ oy
catalogue of , BuGBOOr 1

digital learning —
he

aids and price list
including special

prices for cash
customers L————l |

E&L INSTRUMENTS UK

62, Queen Anne St., London W1M 9LA Tel: 01-486 3589

WW—012 FOR FURTHER DETAILS

le
Ire
repair

ANALYSERS
Ajrmec

Awrmec
Hewilett-Packard
Hewlen-Packard

BRIDGES
Marcon

Wayne Kerr
Wayne Kerr

DIGITAL VOLTMETERS
Micro Inst

Solariron

Solartron

Solartron
OSCH.LOSCOPES
Tektronix

Solartron

Tektronix

Tektronix
Telequipment

£125 00
£100 00
£7500.00
£1500 00

5-300MHz | /P 5uv-15mV
30KHz-30MHz 1/P 1uv-4V
10MHz-40GHz
10MHz-12GHz

0.25% 1KHz-10KH:z
15KHz-5MHz
Source & Detector 1MHz-100MHz

£250.00
£185 00
£575.00

£350 00
£550 00
£250 00
£190 00

4 Dign Transient Voitmeter DC/ AC
OC/AC & Resistance

5 Digit 10UV

Digital Muitmeter

DC-50MH: Portable
DC-30MHz Portable

+ 82 Plug In DC-80MHz
+ 1A2 Plug (n DC-33MHz
DC-6MHz

MARTIN ASSOCIATES
34, Crown Street

Reading, Berks. RG1 2SE
Tele: Reading (0734) 51074

£750 00
£400 00
£550 00
£500 00
£110 00

YouII do better at Martin Associates
we guarantee it!

Other items of equipment available include Meters, Climatic
Ovens, Signa! Sources, Power Supply Units, Multipoint
Recorders, Microwave equipment, etc.

TEKTRONIX 491
HEWLETT-PACKARD

Spectrum Analyser 10MH, — 40GH/ £3750.00
141T Spectrum Analyser 10MH/

4GH/ £7500.00
HEWLETT-PACKARD 8443A Tracking Generator £1850.00
SOLATRON A100 Dual Beam Oscilloscope DC - 30MH., £350.00
MUIRHEAD K- 134-A Wave Analyser 3H, — 31 6KH, £400.00

SOLARTRON 7040 Multimeter with R.F.
Probe & Case £275.00
WAVETEK 154 Programmabie
Waveform Generator 0.001H/
10MH?7 £950.00
RADIOMETER MS27g AM/FM
Generator 0 3MHz — 240MHz
£550.00
CHESSEL 301 3 Pen full overiap
ping Recorder £250.00
STATIM 88 Hot/Cold Oven
10°C to+70°C £450.00

Fii in the form for a free (ist

NAME

FOR REPAIR & CALIBRATION

WE KNOW OF DNI.Y DNE OTHER POWER AMPLIFIER MODULE SUPERIOR TD OUR

JPS 100 — The JPS 150

For starters. JPS Power Ampiifier Modules are designed
manufactured and tested in England. yet sold throughout the
world

Incorporating comprehensive protection circuits inciuding
mismatch. short and open circuits. impedance and thermal
protection. these Modules will ensure a high standard of both
reliability and top performance

Unlike other modeis, they offer an indetfinite ife-spant
Should they ever require any attention or repair, all
components on both Moduies are easily replaceable. And
what's more, they both also carry a full two-year guarantee

~
( JPS 100 £28.50 JP$7150 £33.30
Power Output 110 watls RMS ohms 170 watls RMS B ohms
Frequency Response 10-22kHZ — 02dB | 10-30kHz +0dB —02dB
Power Bandwidth 10-22kHz — 02d8 ‘ 10-22kHz +0dB —0208
Slewing Rate 8.4 Volts per microsecond 9.00 Volts per microsecond
Total Harmonic Distortion 0.04% @ 1kHz 0.04 @ 1kHz
Hum and Noise 115dB befow 100 watts 115dB below 150 watts
Oamping Factor Greater than 300 to 1kHz Greater than 400 to 1kHz
“Input Sensitivity 0d8 [0.775 Volts] 100 walts | 0dB {0.775 volts} 150 watts
47k 47K
“input Impedance - 45 Voits 55 Volts
Power Requirements 12 transistors. 1 integraled 12 transistors. | integrated
Transistor Complement circult circuit
Module Bimensions 4"Hx 5"W x 20 | 6"Hx5"Wx2'D
Guarantee Full 2 year i Full 2 year
{ /

-

That's confidence for you!

Y JPS Associates

B8ELMONT HOUSE STEELE ROAD PARK ROYAL LONDON NW10 7AR
TELEPHONE O1-961 1274 TELEX: TITTS 916226

~These paramelers may be changad to Suil particular requirements
For industrial usage Irequency response can be exiended OC 1o 30kHz +0dB —0.2dB (150 only}

POWER SUPPLIES
PS1 Powers 1 JPS 60 price £15.50
PS2 powers 1 JPS 100

Powers JPS 100

Powers 1 4PS 150 Price £21.50

PS3 powers 2 JPS 150 £31.50

All prices are subject to B2 VAT
All module drive cards are based on indusiry standard Eurocard system (100 x 15 m/m}
A B0-wait version is also available with a similar speciication. Price £23.30 + VAT

WW—070 FOR FURTHER DETAILS
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INTERNATIONAL
DANAVOX (GT. BRITAIN) LTD.
'BROADLANDS" BAGSHOT ROAD

SUNNINGHILL, ASCOT, BERKS.
TEL. 0990 23732/6° TELEX: 84584

Of researCh--a "on components and accessories for dictating

machines, tele-communications, hearing aids
and electroacoustic equipment etc.”

L

£

STETORLIP SYeTQe! SENIQR
JUNIOR 60 STE uP
HEADSET HEADSET

STANDARD & PLASTIC

EXSEMHISSERS EARHANGERS

HEADSET

2,5mmand 3,5 mm
JACK PLUGS &
SOCKETS

NASON

Dﬁ?éﬁ%gg_?m 'NDUCES)C’)“PAUD'O SUBMINIATURE

R
»
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MINIATURE
QUARTZ
CRYSTAL
OSCILLATORS

INTERFACGE

QUARTZ DEVICES LTD.

World-wide exporters of crystals & filters
Manufacturers of DIP crystal oscillators
from 240Hz to 20MHz

sole agents for

FILTRONETICY LC & crystal filters from 10Hz to 100MHz
STATEK] Ultra miniature low frequency crystals
[ELECTRO DYNAMICS High volume timing crystals
29 Market Street, Crewkerne, Somerset England TA18 7JU
Telephone (0460) 74433  Telex 46283 inface g

WW-—075 FOR FURTHER DETAILS

@ Battery Wire Wrapping Tool @ Standard Toggle Switches
@ Sub Min Toggle Switches @ Cyanoacrylate Adhesive

@ Nyleze Enamelled Wire ®@ Thumbwheel Switches @Filament
Indicators @ Crystal Oscillators @ Precision Resistors@P.C.
Terminal Blocks @Keyboard Switches @Potting Compound
@® Rocker Switches @Neon Indicators @ Cermet Trimmers

@ Circuit Lacquer ®Micro Switches @Epoxy Adhesive @ LED
Indicators #Label Holders @ Foot Switches &Mini Shears.

AVAILABLE EX STOCK BY RETURN
For your new catalogue write to:

VEROSPEED, Barton Park Industrial Est Eastleigh, Hants,
or phone 0703 618525

WW-—051 FOR FURTHER DETAILS
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Trader

There are times when trade information can
make or break your business — and then this is
the book to have around. It brings you a
proprietary names directory, buyers’ guide,
Trade addresses, Electricity Board addresses,
Trade organisations, radio and electrical
wholesalers, service depots and agents — plus a
really comprehensive legal guide that covers
just about everything you’ll ever need to know.
Get it and there’s one question you’ll ask
yourself: “What did I do without it?”

ELECTRICAL AND
ELECTRONIC TRADER
YEARBOOK 1978/79

rlllllllllllllllllllllllllllllllllllllllllllllllll
= MAIL THIS COUPON NOW
To: IPC Electrical-Electronic Press Ltd.,

General Sales Department, C.P. 34 Dorset House,
Stamford Street, London SE1 9LU

as

Please send me.............. copy ies of the Electrical and Electronic
Trader Year Book 1978 9.1 enclose cheque p.o. number.............
to the valueof £............. (£5.50 per copy inclusive). Cheques
payable to IPC Business Press Ltd.

a Name (please print)

= Company registered in England No. 677128,
= Regd. office: Dorset House, Stamford Street, London SE1 9L.U
LIIIIIIIIIIIIIIIIIIIIlllllllllllllllllllllllllllll‘
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New from

Thomson-CSF

the chip that converts

any TV set into an
‘Electronic Teletype’

UHF

625 line TV set or monitor Modulator

features:

DISPLAY
CARD
incorporating SFF 96364

@® Low price - available as chip or display card
@ Uses standard parts
@ Full cursor control

@ Multi-page capability

#® Line erase
® Single 5V supply
@ TTL/LSI compatible

® 16 lines, 64 characters

P.O.
or
Acoustic
Modem
(RS 232)

@ Text scroll
Encoded

Keyboard

See a demonstration of the system
used as a TV game at STAND 143,
ALL-ELECTRONIC SHOW

A G-

lines
THOMSON-CSF

Thomson-CSF Components and Materials Ltd., Ringway House, Bell Road, Daneshill, Basingstoke RG24 0QG Telephone: 0256 29155

Available from these Thomson-CSF distributors:

Bariec Lid., 219 London Road. East Grinstead. Sussex. (0342 24383) Lock Distribution, Neville Street. Middleton Road. Oldham Lancs OL9 6LP. (061 652 0431)
A. Marshall (London) Ltd.. 42 Cricklewood Broadway. London NW2. (01-452 0161). Omni Components Ltd,, 59 Vastern Road. Reading. Berks. (0734 594834)
Phoenix Electronics (Portsmouth) Ltd.. 139-141 Havant Road Drayton Portsmouth. Hants (07018 73441) Spenco Electronics (Phoenix) Ltd., Kelvin Industrial
Estate. East Kilbride. Scotland (035 52 36311)

WW—089 FOR FURTHER DETAILS
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Professional Quality Instruments
at a price you can afford

TYPICAL MONEY SAVING MODELS:—

Cat.Ref Average Accuracy 0.4%
Seven Decade O to 11,111,110 by 1 ohm steps
Six Decade 010 1,111,110 by 1 ohm steps
Five Decade 0to 111,110 by 1 ohm steps
Four Decade 0 to 11,110 by 1 ohm steps
Three Decade 0 to 1,110 by 1 ohm steps

CAPACITANCE DECADE BOXES (Accuracy 1% 500 Vdc.)
JC2 Three Decade 30 11,140 pF infinite resolution £26.90
Prices subject to V.A.T

J.J. LLOYD INSTRUMENTS LIMITED

Brook Avenue Warsash - Southampton SO3 6HP England
nsTRUMENTS Tel  Locks Heath 4221 Telex 477042 JAY JAY — SOTON

£50.50
£43.00
£35.30
£28.70
£23.70

"CHOOSE

= FROM OVER

~ 60 MODELS MADE BY
BRITAIN'S BEST SELLING
MANUFACTURER OF
DECADE BOXES

WW — 073 FOR FURTHER DETAILS
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SOFTWARE GAMES (with paper tape) MEMORIES CONNECTORS & SOCKETS
FOR THE 6800 21021 £1.50 4027 (250ns} £6.00, | Subminiature D Type
The Bear Game €2.00 21021t £1.60 2114 (450ns) €10.00 9 way plug .58 25 way plug .82
The Wetl Tempered Microprocessor £2.00 2112 £€3.04 4116 {250ns) t.b.a. 9 way socket .68 25 way socket £1.50
3K Basic £5.00 Please enquire for 16K dynamic and 100 up prices 9 way cover .74 25 way cover 85
8K Basic £10.00 15 way plug .74 37 way plug £2.10
Coresident Editor & Assembier £10.00 . 15 way socket £1.09 37 way socket €311
and much more MOTOROLA MICROCOMPUTING IC’s 15 way cover 83 37 way cover £1.19
BOOKS MCB6800P £14.00 MC6EB30L7 £11.33
MCB6820P £6.20 MC8602P £2.88
p&p 50p unless otherwise stated MC6850P €6.74  MC14536P £3.69 EDGE CONNECTORS
g;x:;;:;?:&ﬁ;f:; 6800 Microcomputer Ez::g MC6810AP £3.61 MC3459 £2.53 80 way 0 1" single sided £1.80
WB 1 a TTL Microcomputer £6.50 ZILOG MICROCOMPUTING IC's 33 ::;8 }sg:pgifume:dw S.:z!g
Spaccldiaganisstiio VN €100 2:80 CPU 2 5MH: £15.50 2:80 P10 PS £10.00 for Motorola exorcisor. D1 D2 kit bus)
2Zilog. 780 Technical Manua : 2.80CTCPS £10.00 64 way plug for Eurocard to DIN41612 £1.65
2:S0[Q1OqISchaicallManual 2,25 64 way socket for Eurocard 1o DIN 41612 £2.89
Mggggh. Undevs\andm;; Microprocessors (30p p&p) :57: MICROPROCESSORS 10 way plug Molex for $+50 bus 30
M Microprocessor Programming Manual . 5 3 )
MEB00 Microprocessor Applications Manual (£1 p&p) £9.50 gga(p\),ﬁa Mi Il t.b.a. 6502 £14.93 10 way socket Molex for 5-50 bus -32
M.O.S. Technology. KiM 1 User Manual £5.00 d tba.  F8 t.b.a. .
6500 Programming Manual £5.00 2650 tba. | D.j.L SOCKETS
6500 Hardware Manual £5.00 (low profile gold plated) D-i-L PLUGS
Adsm Osboume. Introduction ta Microcomputers INTERFACING ICs BUFFERS 14 pin 24 24 pin 36 16 pin 60
Vol O Beginners Book - £5.95 811595 £1.43 16 pin 25 40 pin 86 24 pin £1.20
Vol 1 Basic Concepts X £5.95 MC1488P £1.40 811596 £1.43 . . .
Vol 2 Some Real Products £11.95 MC1489P £1.40 811597 £1.43
8080 Programming for Logic Design £5.95 7501 50p £1.30 For v24. 811598 £1.43 SCOTCHFLEX CONNECTORS
6800 Programming for Logic Design £5.95 75150N £1.20 RS232C 8726 £1.84 40 way plug £2.40 40 way socket £2.62
2.80 Programming for Logic Design £5.95 75184 £2.50 8795 €1.60
Some Common Basic Programs €5.95 AN33 1 8797 £1.60
Payrall with Cost Accaunting in Basic €995 3 €108 74367 £1.30 PRINTED CIRCUIT BOARDS
General Ledger System £9.95
Accounts payable and Accounts recewable £9.95 LOW POWER SCHOTTKY TTL PRICE LIST For 77-68 (8" x8" 0 1" edge 78 way) 1000
Sybex. Microprocessors from chips to systems Rodnay Zaks £8.00 741500 8 741530 7415107 CPU board .
Micraprocessor Interfacing Techniques C207 egoo [ 74289 il s £ e 32 | 4krambos £10.00
Some Common Basic Programs P 10 £8.00 741502 '21 741533 ‘30 2408112 ‘3g Bootstrap loader board £10.00
Scelbi. 8080 Software Gourmet Guide Cookbook £7.95 741503 '21 741837 :30 7415113 ‘38 Prototyping p ¢ b £9.95
6800 Software Gourmet Guide Cookbook £7.95 741504 26 741538 30 7405114 38 (tow pack density)
What to Do After your Kit Return £7.00 741505 ‘26 741540 .21 7415125 56 Prototyping p ¢ b £10.91
(PCC First book ot Computer Games} 740808 ‘21 741542 ‘88 7415126 ‘s6 (righ pack density)
PCC Reference on Home Computers £4.95 741509 21 741547 ‘86 7415132 80 For E.77 (double Eurocard)
Dr Dobbs Volume 1 £10.00 | 4510 21 7a(S48 96 7415136 38 | 4K RAM board £6725
Instant Basic £€4.95 741511 26 741551 2 7415138 €1.05 Prototypingp ¢ b £7.52
Your Home Computer £4.95 741812 21 741554 21 7405139 €1.05 (low pack density}
My Computer Likes Me £1.65 741513 S5 741355 51 7415151 ‘26 For 3U 43 way systems (4%:'' X8")
Games with a Pocket calculator £1.75 741514 £1.26 741873 ‘34 7415153 26 2K RAM board £8.50
Games Tncks & Puzzies for a hand calculator £2.45 741515 2 741574 ‘38 241S154 £1.98 Back piane (Vero} board approx 10’ x 4" £1.47
Best of Creauve Computing Vol 1 £6.95 741520 21 741575 'ss 74(5155 £1.05 For $-50 bus
Best of Creative Computing Vol 2 £6.95 741521 ‘26 741576 ‘38 J41S156  £1.08 4K RAM board £12.00
BestofByre £8.50 | ;4557 21 741578 34 7418157 96 oS H00bLs
101 Basic Computer Games €5.50 | 5855 ‘1 741883 £105 7415158 ‘a8 4K RAM board £15.00
Hobby Computers are here £3.99 741527 21 741586 38 7415160 £1.22 4k RAM board €10.00
QOur range of books I1s constantly expanding Piease write for latest ist 741528 40 ° For ExOrciser bus
Goods are normally shipped within 24 hours Barclaycard & Access VAT at 8% for Hardware Components 30p postage and packing unless otherwise stated Cheques to be made out to  The
Newbear Computing Store” Send for an up-to-date catalogue to The Newbear Computing Store 7 Bone Lane. Newbury Tel 0635-46898 Callers welcome Monday to Saturday 9 00 a m -5 30
p m The Newbear Computing Store 1s a division of Newbury Laboratories Ltd

electronic
design
engineers !

Invaluable for
holding P C 8 s and other

panels when inserting and soldenng
components Adjustable for work up to 280mm Rotate

for access to reverse side and locks in any positton  All metal

Worite or phone for full details Price £10 inc VAT P&P £1

$2
Drill Stand

Robust all metal
with ample throat
dimensions

Will accept both drills

sitbiglors

Adjustable height contilever with
lever actuated feed Spring return

price £18.50 inc VAT P&P 106p
P2 Mk 2 Dnll £18 inc VAT P&P 86p

S1
Drill Stand

Constructed to take the
popular P1 drill and
ensure a high degree of
accuracy 1n alf types of
o electrical precision
work B

Price £85 13 inc VAT
P&P 38p
P1Dnil £9.67 inc VAT
P&P 38p

-

PRECISION PETITELTD

132 HIGH STREET TEDDINGTON MIDDOLESEX TW11 BHG

TEL:01:-277 0878
WW—013 FOR FURTHER DETAILS
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special quality industrial
tool kits and cases

Send now for details of the superb Jensen range of tools,
meters and accessory equipment, all in the most handy and
robust cases — also available separately. Jensen products are
specifically designed for industrial use, perfect for all
engineers, technicians, electricians, instrument repairmen etc,
Choice of more than twenty kits and cases.

Write for free Jensen catalogue to:

SPECIAL PRODUCTS DISTRIBUTORS LTD,

81 Piccadiily, London W1V OHL. Tel: 01-629 3556. Cables: Speciprod London W1.

WW-—055 FOR FURTHER DETAILS

NEW FACILITI

WW TELETEXT DECODER

‘Board 3’ is now as an additi I unit to upd the ‘Wireless World’
Teletext Decoder to give double height characters, colour background,
conceal/reveal, etc., as described in the December issue of ‘Wireless World."
Our Kit includes plated through hole P.C.B., P and i I}
instructions. Price £33.68 + VAT (£3.47) + P&P (30p) £37.45 total.

PCB available separately at £19.60.
@ e

Qur main kits contarn ail the printed
circuit boards and components
necessary to build the complete
decoder

A reprint of the sertes of articles i1s
available at £1.50 + large 15p SAE

h tandard New version

(included free in complete kit} version I Tren Post &

PRICES INCLUDE VAT using 2513 X887 Packing
Set of 5 PCBs £21.70 £21.65 30p
Component Kit (incl. PCBs) £120.95 £133.70 £1.50
/Add-on Unit for lower case PCB £2.70 - =
Component Kit (incl. PCB) £13.75 = =
Cabinet £14.85 £14.85 £1.00

PLATED THROUGH hole PCBs for TEXAS version only st additional cost of £27.00
COMPONENTS ALSO AVAILABLE SEPARATELY — SAE for price list

READY BUILT & TESTED DECODERS — £241.87 + £5 Carr.

DE LUXE VERSION WITH NEW FACILITIES — £292.50 + £5 Carr.

WYY A H DECODER |

Based on the design for a MATRIX H DECODER published in June issue of Wireless
World, with subsequent corrections, this Catronics Decoder 1s now generally available
from stock in two versions
Kit: comprising P.C.B.s, i.c., and all components to mount on the boards at
£39.30. Ready built: housed in attractive cabinet with integral power supply and
STEREO/QUAD switching at £89.37
These prices include Sansui Royalty Fee, VAT and P&P

VHF FREQUENCY

COUNTERS

200MHz, 7 digit. D.F.M. for direct
readings up to the mobdie radio VHF
High Band

Wil operate on mains or 12v supply
making it ideal for use with
mobile squipment.

CATRONICS LTD. (Dept. 823)

]
r Communications House
n I 20 WALLINGTON SQUARE
WALLINGTON, SURREY
g Tl 01-669 6700
WW—823 FOR FURTHER DETAILS

" Manutactured and guaranteed
by Catronics Ltd

Price only £137.50 + £1 50

carnage + 8% VAT

Write for ittustrated leaflet.
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The Microcomputer That
Took America By Storm

Here’s your chance to get hold of the phenomenal KIM 1. More than
10,000 have been sold in
the USA for education,
hobbyists and for
industrial applications
including prototyping,
test, instrumentation and
control systems. It's
available now ex stock
from GR Electronics Ltd.

PRICE INCLUDES:
Keyboard & display

Audio cassette
interface

Teletype interface

Program development
software

15 program
controlled 1/0 lines

1K user accessible RAM
{Extension modules
available)

and full documentation
KiM1 by MOS Technology == .
For further Information contact: AT e ’U'o,‘," 0 14,

thesm, Ars en
GR ELECTRONICS LTD., ~"“ismts o
80 Church Road. Newport, NPT 7EH, Gwent 237 g‘
Telephone:Newport (0633) 67426 Telex:28604 ref 1796

.

.

.

.

.
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TWO NEW SUPERMODULES:
170W INTO 4 OR 8 OHMS

By popuiar demand we have designed higher powered versions of our well known modutes The CE 1704
which gives 170W into 4 ohms and the CE 1708 which gives 1 70W into 8 ohms are physically similar to
the orniginal types and have the same combinaton of compatible pertormance features which makes
CRIMSON amplification audibly superior 10 the competition and the only choice if you have an ear 1o music
We have also produced suitable power supplies which again use our superb TOROIDAL TRANSFORMERS
only 50mm high, with a 120-240 pnmary and single balt fixing

Write or phone for more intormation and biased opinions.

POWER AMPLIFIER MODULES
Home Europe THD. Typcaliy-~ .02 any power. IkHz. 8

CE 608 60W/8 ohms 35-0-35V £1630 £16.60
CE 1004 100W/4 phms 35-0.35¢ £1922 £1930 | T4 o tnsigarticam
CE 1008 100W/8 onms 45-0 45V £23.22 £2300 § Slewratelimit : 20¥/u
CE 1704 170W/4 ohms 45-0-45¢ £28,90 £2846 S/Nratto ¢ 110d8
CE 1708. 170W/80chms 60-0-50v £3190 £31.04 | Freq response :  10Hz-35KMz -3d8

Stabwlity : Unconditional
TORDIDAL POWER SUPPLIES Protection - Orives and joad Salely
CPS 1 for 2xCE 608 or 1xCe 1004 £1447 £18.40 § Sensnivity < 775m¥ (250mY or 100mY on request]
CPS 2 lor 25CE 1004 or 2/4xCE 508 . £1682 £2057 § Size 120080 x Tmm
CPS 3 for 2KCE 1008 or 1xCE 1704 £1766 £21.35
CPS 4 for 1xCE 1008 £1531 £19.18
CPS S for 1x CE 1708 £2268 £26 50
CPS Blor 2 x CE 1704 or 2 x CE 1708 £2398 £27.70 cnlman
HEATSINKS
Light Outy SOmm 2 £/W L 09 130 T lK
Medium Power 100mm 1.4 C/W £1.60  £240
Disco/Broup 150mm 1.} C/W £230  £365

Please note our new address and telephone number:
THERMAL (';10'1-0015 vty Stamford House. 1A Stamford Street.
Recommended for improved reliabll i .
78 C for use with free air haatsinh £160  £1% Leicester LE1 5;‘;7-7;;”9"0"8 (0533)
A0 Cfor use with tan colled heatsink 160  £1.90

Home prices include V.A.T & postage C 0.0 90p extra. £100 mt Export no problem European prices
include carriage. insurance and handling, payment in Sterling by bank dratt. P O international Giro or
Money Order Outside Europe. please write for specific quote by return Send SAE or two International
Reply Coupons for full literature Favourable trade quantity price st on request High quality pre- amp
circunt 20p.
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BIMCONSOLES
BIVIBOXES

MINI DESK BIMCONSOLES
Moulded in Orange, Blue, Black or Grey
ABS and incorporating guides on all sides
for holding 1.5mm thick pcb’s. Tmm Grey
Aluminium panel sits recessed into front of

BIMBOARDS
BIVIDRILLS

BIMDICATORS

ABS & DIECAST BIMBOXES

5 sizes, in either ABS or Diecast Aluminium

console and held by screws running into
Stand-off bosses in
base for supporting small sub-assemblies

integral brass bushes.

etc. 4 self adhesive
rubber feet also in-
cluded.

BIM 1005

{16 1x96x58mm)
£197*

BIM1006

LOW PROFILE BIMCONSOLES
- 1mm Grey Alumi-

3 nium panel  sits

recessed into front

, of console base,

\ which is moulded in |

4 Orange, Blue, Black

" or Grey ABS and

sits on 4 self adhe-

sive rubber feet. Incorporating guides
for holding 1.5mm thick pcb, the base also
has stand-off bosses for supporting small

{215x 130x75mm)

All boxes incorporate guides on all sides for holding 1.5mm thick pcb's and/\
stand-off bosses in base for supporting small sub-assemblies etc. Close fitting
flanged lids held by screws running into integral brass bushes {ABS) or tapped
holes (Diecast).

sub-assemblies etc. and ventilation slots.
Front panel is held by 4 screws which run
into integral brass bushes.

BIM6005 (143x105x55.5[31.5) mm) £2.14*
BIMB006 (143x170x55.5(31.5) mm) £2.73"

ABS moulded in Orange, Blue, Grey or Black
Diecast Aluminium available in Grey Hammertone
or Natural

ABS
BIM2002/12
BIM2003/13
BIM2004/14

Natural
£097*
£1.20*
£1.49*

Hammertone
£1.20*
£150*
£1.86"

Diecast
BIM5002/12
BIM5003/13
BIM5004/14

{100x50x25mm)
{112x62x31mm)
{120x65x40mm)
{150x80x50mm)  BIM2005/15 £1.18* BIM5005/15 £2.38* £191°*

(190x110x60mm) BIM2006/16 £1.84* BIM5006/16 £3.41°* £2.85°

Also available in Grey Polystyrene (112x61x31mm) with no slots and self tapping |
screws BIM2007/17 £0.82* i

MULTLPURPOSEBHWBOXES\\m{ﬂ
Moulded in Orange, Blue, Black or Grey k)

ABS with 1mm thick Grey aluminium tfici h
recessed front cover which is retained by efficient cooling.
4 screws running into integral brass bushes. Colour Code
15mm pcb guides are incorporated on all - . A

sides and as with all ABS boxes they are 8

85°C rated. 4 self adhesive rubber feet C

also included. '
BIM 4003 (85x56x28.5mm}
BIM 4004 (111x71x41.5mm)
BIM 4005 (161x96x52.5mm)

£0.87"
£097*
£1.05*

ALL METAL
BIMCONSOLES

All aluminium, 2 piece desk consoles with either 15° or 30° sloping fronts, sit on
4 self-adhesive non slip rubber feet. Ventilation slots in base and rear panels permit

15° Sloping Panel

BIM7151 (102x140x51(28) mm)
BIM7152 (165x140x51([28} mm)
BIM7153 (165x216x51(28} mm)
BIM7154 (165x211x76(33] mm]
BIM7155 (254x211x76(33) mm)
BIM7156 (254x287x76(33) mm)
BIM7157 (356x211x76([33] mm)
BIM7158 (356x287x76(33) mm)

Base
Blue
Green
Gold

Top Panel
Off White
Sand
Satin Black

£ 9.43
£10.43
£11.42
£12.39
£13.66
£14.65
£15.80
£16.78

£1.13"
£1.42*
£1.87*

30° Sloping Panel

BIM7301 (102x140x76(28) mm) £ 9.43
BIM7302 (165x140x76(28] mm) £10.43
BIM7303 (165x183x102[28]) mm) £11.42
BIM7304 (254x140x76(28) mm) £12.39
BIM7305 (254x183x102{28] mm) £13.66
BIM7306 (254x259x 102[28] mm) £14.65
BIM7307 (356x183x102[28] mm) £15.80
BIM7308 (356x259x102[28] mm) £16.78

" MAINS
BIMDRILL

Bimboards accept all sizes of DIL packages

Operates directly as well as resistors, diodes, capacitors and

from  220-240Vac
and supplied with
2 metres long cable
fitted with 2 pin
DIN plug. Wwill
drill brass, steel and
aluminium as well as pcb’s etc. Has integral
biased-off switch and accepts tools with 1,2
and 3.2mm dia shanks £9.72*
Accessory Kit including Tmm, 2mm, 125"

twist drills, 5 burrs and 2.4mm collet £2 2&}

12 VOLT BIMDRILLS

2 small but powerful 12V dc drills, easily
held in hand or used with lathe/stand
adaptor. Both drills have integral on/off
switches and 1 metre long cable.

Mini Bimdrill with 2 collets up to 2.4mm
capacity £7.56*

Major Bimdrill with 3

LED's etc. They have integral Bus Strips
running up each side for carrying Vcc and
ground as well as Component Support
Brackets for holding lamps, fuses and
switches etc. Available as either single or
multiple units, the Ilatter mounted on
15mm thick, matt black aluminium back
plates which stand on non slip rubber feet
and have 4 screw terminals for incoming
power.

Bimboard 1 contains 500 individual sockets
whereas the multiple units containing 2,
3 or 4 Bimboards incorporate 1,100, 1,650
or 2,200 individual sockets, all arranged
ona25mm{0.1") matrix.

Bimboard 1 £ 9.72* Bimboard 2 £22 68"
Bimboard 3 £32.40* Bimboard 4 £42.12*

BIMDICATORS!
li’ L

also one of Europe’s
largest manufacturers
of Filament, Neon

and LED indicators.
Send for our
BIMDICATOR DATA

collets up to 3mm
capacity £12.96*
Mains to 12 Volts
adaptor, lathe, stand
and accessory kits also
available, details on
request.

*All quoted prices are 1 off
and include Postage,
Packing and VAT. Terms
are strictly cash with
order unless you have
authorised BOSS account.
For individual data sheets
on all BOSS products
send stamped, self
addressed envelope

i =

INDUSTRIAL MOULDINGS LIMITED

2 Herne Hill Road, London SE24 0AU
Telephone: 01-737 2383

Telex: 919693 Answer Back ‘LITZEN G
Cablesﬁ Telegrams: ‘LITZEN LONDON SE24’
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The new, comprehensive JVC 34" video cassette range

See-and believe

A pioneering electronics organisation with 51 years’
experience of high-technology engineering, JVC has been
developing and introducing new and better video products
for 21 years.

Now, for the first time in Britain, you can choose from a
new and comprehensive range of JVC %" U-format colour-
plus-monochrome video cassette units, up to 38% smaller
than directly competitive equipment.

From the compact portable CR-4400E for location work
to the versatile CR-8300E for production studios, these
easy-to-use models meet every video cassette recorder
demand. They give you exactly the same top-quality
recording and playback throughout the range. Price
differences simply reflect the number of facilities available,
not the performance.

The range. For those needing NTSC as well as PAL playback
(perhaps for shipboard entertainment), JVC has the new
CR-5060ED.

~

If you're looking for stop-action playback and PAL record-
playback facilities, the new CR-6060E with its specially
engineered still-frame system is the one for you. (Optional
remote control available.)

PAL recording, plus PAL and NTSC playback, come together
inthe new CR-6060ED. Again, with optional remote control.

Full electronic editing facilities are built into the superb new
CR-8300E, a PAL record/playback unit. For even more flexible
editing, add the JVC RM83 editing suite.

Where you must have portable video eguipment, able to
record cassettes that can also be replayed by a mains cassette
unit without an adaptor, it's got to be the new assembly-edit
CR-4400E. This comes complete with built-in video/RF replay
facilities. And, of course, there's a colour camera to match.

Use the inquiry service to get the literature from Bell & Howell.
Test for yourself the versatility of these new JVC units. Admire
the outstanding picture quality each provides. Seeing 1s
believing. You'll believe, as we do, that JVC U-format equipment
is the best in the world.

WW — 094 FOR FURTHER DETAILS i
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Fuji tape. To get the optimum
results from any U-format
equipment use Fuji Beridox
tape. Provably superior to
conventional CrOz tape, it’s
now available from every
Bell & Howell dealer.

Bell & Howell A-V Ltd.

Alperton House,

Bridgewater Road,

Wembley, Middlesex, HAO 1EG.

B BELLe HOWELL

WW—050 FOR FURTHER DETAILS
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THRULINE°WATTMETER

0.45-2300 MHz / 0.1-10000 watts

The Standard of the Industry
What more need we say. ..

www americanradiohistorv com

Exclusive UK representative

aSpen electronié; Iimitéd

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UW
TELEPHONE: 01-868 1188 — TELEX 8812727

WW—034 FOR FURTHER DETAILS
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OSCILLOSCOPES

MISCELLANEOUS

£160
£480

J. Lloyd XY Plotter Type PL . . . . .
Grubb Parsons Type IRG A20 Analyser
6v 25 Amp. Power Supply Units £25
D.M. Digital Voltmeter. Type 2022S £240
Electro Scientific Industries Portametric PVB 300

TEKTRONIX

Type 551 with Power Supply
Type 545A with 1A2 Dual Trace Amp
Type 585 with Type 82 Dual Trace
Type 581 A with Type 82 Dual Trace
Piug in Modules
Type CA, G, H, L, K .
Type 3A75 Amp. 4MHZ
3A8 Operational Amp
3777 and 3576 Sampling
82 Dual Trace Amp

1820S Time Base

HEWLETT PACKARD

Type 180A with 1801A Dual Channel Vert Amp.

THE TEST EQUIPMENT BROKERS

EQUIPMENT SOLD, PURCHASED RENTED, LEASED
ALL PRICES EXCLUDE VAT AND CARRIAGE
TEL. NEWPORT 0633 211243.

EUROTECH

25 CHEPSTOW ROAD
NEWPORT, GWENT, U.K.

WW—037 FOR FURTHER DETAILS

GOLDRING G103
Belt Drive Turntable

Famous name turntable siashed
to near half price. Compiete with
plinth, cover and leads Accepts

any standard cartridge ot included)

OUR PRICE

£29.95

(- p/p&ins£2.50)

Build your own
GOLDRING CK2

Belt Drive Turntable

the famous Goldring company,
comes complete with instructions
and all necessary parts. Ready to
incorporate into your design £1 95
plinth and cover. The pleasure of 6-
assembling your own deck. (+ p.p & Ins. £1.75)
(Plinth, cover and cartridge not included). ALL PRICES
Usually sold for £54.95 with plinth and cover. INC. VAT
Call in or send cheque, P.O, M.O, Access, ’
Barclaycard, Diners Club or American Express Number.

S0z Sound Audio

248/250 TOTTENHAM.COURT ROAD, LONDON W3. TEL: 01-637 1908
WW—020 FOR FURTHER DETAILS
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TIME PEACE £945"

Not a spelling mistake, but another
descriptive term for the National
MA1012 complete clock & display
module.

Featuring sleep and snooze timers,

setting, alarm output switch

Display area 76 x 20 mm. Total size 3%x8x2 cm
The MA1012 is non-strobed, with direct drive to the display LEDs, thus causing none of
wideband RF| noise associated with earlier clock IC designs. It is suitable for any tuner
or radio timing applications, plus all the usual clock applications. Help reduce noise
pollution with our MA1012 clock module ! The module requires only switches and
mains transformer. A suitable 240v AC input transformer is available for £1.50 + 8%vat
Two modules, with two transformers, for £20.00 + 8% VAT.

REFERENCE SERIES TUNER MODULES

EF5803 2 MOSFET AGC RF stages, with low noise setected MOSFETs, MOS mixer
Buffered local oscillator output for counter and synthesizer purposes,

6 tracked tuned circuits, |F and image < 100dB down. £19.75
Selectable 2 or 3,6 pole linear phase | F filters, two MOS IF preamps,

twin detector coil for 0.07% THD Af 22.5kHz. Noise mute, deviation
mute, adjustable range AFC, meter output. £16.25
With the incomparable HA1196 PLL jow noise, wide range decoder (C,
preamp and LC low pass filter on input, twin LC pilot and base-bandpass
filters on the output. With 2 x LM380N ICs for monstor amp purposes
availabie on the board. £16.45

Ref. FMIF

Ref. MPX

Our other ranges of FM and AM tuner modules avarlable as before
EF5801 17 45 EF5600 12.95 7252 26 50 7122 13.22
7030 095 EC33020 750 7253 26.50 Most also available in kits
91196 1299 8319 1.5 91197 1135 details in catalogue & price st

24 hour alarm format, fast and slow

COILS FOR LW, MW, SW 1,2, and 3 now listed in catalogue 30 & 33p ea
| TOKO 10k series coils now for 1.5 to 30MHz, giving a total coverage in osc and rf coils
Low cost meters: Internally illuminated edgewise meters 200uA, and back
| it flat face meters 200uA. A wide choice of scales - or material to DIY.
with close fitting (flanged ) lids. 8x6x4 (cms) 54p ea*. 10x7.5x4 {cms) 66p ea*, and

| 12x10x4.5 {cms) 76p ea*. Also new stackable component storage boxes and trays.
DETECKNOWLEDGEY: theory and practise of metal locator

IB, phase anyle, pulse induction. A unique reference for users and constructors. £1.00
Our usual unique range of coils, filters etc for radio: from "TOKO, 350,000 in stock.
The best in linear ICs for RF, HA1137:£2.20; HA1196:£4.20; HA1197:£1 .40, plus

all common radio and multiplex devices, audio ICs {TBAB10AS £1.09), MOSFETs, a
unique line in varicap diodes for AM tuning - see the latest catalogue for details. 45p
Postage 25p per order, VAT 12.5% except where otherwise indicated (*8%). Send to-
{2 Gresham Road, Brentwood, Essex. tel (0277) 216029. Only 200m from station ! ]

Mblt international C}

Equipment boxes: These must be the best value in ABS (black] equipment boxes |

principles including BFQ |

WW-—016 FOR FURTHER DETAILS
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FREQUENCY COUNTERS — STANDARDS —
GENERATORS

DISTORTION .03%

1710 Hz 1o 1.2GHz. Sensitivity 10mV CRYSTAL 1 Meg, 100Kcs, 10Kcs . >
5 parts 10'° 5 parts 1010 Amplmcjﬁegzlabllny

OFF/AIR 10 Meg. 1 Meg, 1 part 108 10Hz to 100kHz

Jiom 32MHz 5 Digit  £98 401A 32MHz 6 Digit £138
501 32MHz 8 Digit £192 701A 80MHz 8 Digit £210
8018/M 25DMHz 8 Digit £280 901IM 520MHz 8 Digit £385
Memory versions available if not suf- 1001M 1.2GHz 8 Digit £670
fixed M £30 extra Start/Stop versions plus £18
Type 101 1MHz 10 KHz Crystal Standard £98
e FREQUENCY COUNTER Type 103 Off/Air Standard £98 LOW FREQUENCY
TYPE 8018 Type 203 Low Frequency Generator £78 GENERATOR TYPE 203

R. C. S. ELECTRONICS, 6 WOLSLEY ROAD, ASHFORD. MIDDX. ASHFORD (69) 53661

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts., Crystal
Manuf; and El ic Lab: ies world-wide

WW--090 FOR FURTHER DETAILS

wpﬂlﬂg 643A FUNCTION
® GENERATOR

- SINE, SQUARE & TRIANGLE
0.01 Hzto 1.1 MHz
- 10V pp + 5V DC OFFSET

m- 1000 : 1 Vco RANGE

0~ S T 1 I i g} ——
FOR POWER & HAND DRIVING * '

For Pozidriv, Phillips, Slotted, Torx, Hexagon, Tri-Wing,
and other recess and head forms.

c OOO® ©

Yoo —— In

R

643A FUNCTION GENERATOR £85 + £2.50 p&p

Other products include: WwO064

643 FUNCTION GENERATOR £98 mgsg

HY H H H 745 COUNTER TIMER £94 6

A range of Hand Screwdriving Kits is now available 63> FILTER OSCILLATOR o8 ANOEH
746 AUTORANGING FREQUENCY METER £68 Ww084

H M 615 OFF-AIR STANDARD - Lo .. £74 WWO085

catalogue andPrlce LISt on requeSt 35 SERIES PANELMETERS FROM £26 WW086

Delivery 1s normally ex-stock -— telephone tor contirmation

H A R M SWO R l H Prices exclude VAT and are correct at ime of going to press. Subject to
change without notice.

HARMSWORTH, TOWNLEY & CO. LTD. OMB electronics
HAREHILL TODMORDEN LANCS OL14 5JY Riverside, Eynsford, Kent. Tel. 0322 863567
Phone 070-681 2601 & 070-681 5246
WW—083 FOR FURTHER DETAILS

J E S AUDIO INSTRUMENTATION carhon film RESISTORS

lllustrated the Si 451 ON BANDOLIERS OR PREFORMED 12.5mm
Millivoltmeter — pk-pk AT NO EXTRA COST
or RMS calibration with : . R
variable control for S
relative measurements. PITTIE
50 cahibrated ranges e -
£60.00 Sadr -
WA -
Si452 . ....... . £48.00 Si453 .. . ....... £60.00 - - -
Distortion Measuring Unit Low distortion Oscillator, Sine Qarak
15 Hz — 20 KHz — 01% — Square — RIAA . AERD SERVIGES LTD
PRICES plus VAT & I 42-44A-46 Westbourne Grove
J. E. SUGDEN & CO. LTD. Tel. Cleckheaton (0274) 872501 z tondon W2 5SF
CARR STREET, CLECKHEATON, W. YORKS BD19 3LA Tel.01-727 5641 Telex 261306
WW—060 FOR FURTHER DETAILS
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follow this sign -)

GOULD ADVANCE INSTRUMENTS
HAVE AWORLDWIDE REPUTATION.
BUT THEY NEED NOT COST YOU
THE EARTH.

05245A AND 0S250B OSCILLOSCOPES

Two dual trace oscilloscopes, with sensitivity of
5mV/div., and 2mV/cm respectively. The 0S2508B offers
variable trigger level with or without bright line. The
0S245A has a bandwidth of 10MHz, the 0S250B offers
15MHz. Fully portable, these are the ideal instruments for
servicing, educational and general purpose applications.

Stay ahead-

ALPHA 11l DIGITAL MULTIMETER

Atough, attractive, 31 digit multimeter with 25
ranges and a basic accuracy of +0.2%. A bright red
LED display gives a clear reading even in high ambient
fight conditions, and yet power consumption is low
enough for extensive field applications.

A purpose built CMOS chip incorporates all
analogue and digital circuitry, giving a low component |
count and increased reliability. !

TC 320 TIMER COUNTER

This new, tough, 5-digit unit has an operating
frequency of 35MHz. Plated through hole PCB construction
keeps the component count down, for exceptional
reliability. Frequency measurements up to at least
35MHz can be easily read from the clear 7-segment
display. The TC320 offers outstanding performance —
including “disciplined" triggering — at a remarkably
modest price.

| BETA DIGITAL MULTIMETER

A general-purpose multimeter, offering 29 ranges,
including temperature (optional), and a basic accuracy
figure of 4-0.2%. A clear, 31 digit Liquid Crystal
Display, 0.5 high, gives a high-contrast read-out.

Fully portable, with a minimum of 300 hours’ battery
life, the Beta has already established a reputation
foraccuracy and reliability.

For details of any of these instruments and the
Gould Advance 2 year guarantee, write or phone today.
Gould Instruments Division,

Roebuck Road, Hainault, Essex |G6 3UE.
Telephone :01-5001000 Telex;263785.

WW—077 FOR FURTHER DETAILS
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wireless
world

Electronics and unemployment

SECRETARIES and newspapermen can now
type “North Sea 0il” with a facility
they would normally experience only
when typing out their own names. It
becomes clearer every day that a
counterfeit sense of pre-election
prosperity is clouding the judgements
of many of those in a position to
influence the national well-being tor the
next 20 or 30 years. The cil money may
be the worst thing that could have
happened to us, disguising serious
failings in the way our industries are
run.

Of these the most sadly evident is the
reluctance of the self-styled
«wealth-creators” (about as sensible a
description as calling the CEGB an
energy-creator) to prepare for the day
after tomorrow.

The electronics industry is sharing in
this short-sightedness. So far,
commentators on teletext, Viewdata
and the electronic home have chosen
to emphasise the positive aspects of
these changes, that certain tasks may
be made easier, and may lead to a
much more pleasant style of life. When
these things arrive they will make deep
impressions on our lives, but there is a
false tendency to imagine that these
wonders will be gained at no cost at all.

The first signs of the price we will
pay are already there. One is
unemployment. Our government is
disposed to persuade us that this is a
cyclical aberration which will
disappear with the passing of time, an
improvement in world trade, and a
judicious tax-cut or two.

The electronics engineer knows that
this is not so. We may be in for a
consumer-happy 1978 but there is a
deep-rooted movement in industries of
all kinds away from the employment of
labour.

1t used to be thought true that new
technology would always create
enough new types of job to take the
place of redundant skills. Far from

being a universal law, it now appears
that such instances of this as have
appeared in the past were just
manifestations of a transition between
the age of man and the age of the
machine. Not many new jobs have
resulted from the move away from
Strowger exchanges, and we report
elsewhere in this issue that advances in
computer technology are to put people
in the computer industry out of work.
When technology makes it
unnecessary for us to travel to our
work the process will be complete.

There will be no commuters, and no
need for railwaymen, bus-crews or city
sandwich bars. Labour will have
become so expensive, and will need to
be so highly trained, that
unemployment will be at 50%. The
worker, free of his twice-daily train
journey through the slums, will
inconsciously devalue other people and-
their importance as the reason for
increasing the community’s prosperity,
an effect already evident in parts of the
United States.

The only products to be made will be
those which provide some kind of
diversion from the thought of endless
years without a task to do. I'he Home
Office and the Post Office will take
over the Department of Education and,
with a system of one-way programmed
learning will have induced in the
younger members of society a kind of
baffled contentment.

The world need not be like that. Our
only hope is that future technology is
directed towards increasing output, not
just decreasing staff. That means we
must make the things required by
places where there is a market, and
forgo the short-term gains to be made
from a series of electronic equivalents
of the hula-hoop. It means selling to

‘the third world, and it means planning

ahead with the North Sea oil money
that now threatens to drown us in
complacency.

www americanradiohistorv com
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Loudspeaker coloration

Eliminating unwanted sources of resonances

by D. A. Barlow, Ph.D

Loudspeakers have always been the
weakest link in the chain of sound
reproduction. The tone is coloured by the
presence of unwanted resonances, which
may still be audible in spite of
considerable damping. The
already-reported limits of audibility of
resonances on white noise and music
over a range of frequency and Q are
discussed in relation to loudspeakers.
The white noise test was severe and few
if any speakers meet this "’ peak
criterion,”” even over part of the audio
range. Sources of unwanted resonances
and methods of elimination are discussed
and a design proposed for a speaker in
which coloration is inaudible.

IN LOUDSPEAKERS, there are many
causes of coloration or spurious effects
not present in the electrical input signal.
These usually take the form of
resonances or anti-resonances. In bad
cases, they show on a frequency res-
ponse curve; less severe cases may be
found by transient tests, or by watching
the motion of the moving parts by
holographic methods.'? Resonances
may be present in the diaphragm, sur-
round, rear suspension, voice coil, dust
cap, chassis, cabinet walls, etc. Other
resonances are the fundamental ones of
the drive units and of air cavities, in-
cluding the air enclosed by the cabinet.
Other effects, not necessarily audible,
include acoustic interference between
units in multiple speaker systems, phase
differences between units, phase distor-
tion in the crossover, diffraction at the
edge of the cabinet, speaker frame, etc.

I have long thought that listening
tests should be used where possible to
determine the limits below which the
various forms of distortion or imperfec-
tion in audio equipment become inaud-
ible. Effort could then be concentrated
on the most serious defects, and those
which are inaudible can be ignored. In
particular, listening tests were proposed
to determine the limit of audibility of
peaks, by introducing resonances of
various frequencies and Qs electrically

Peak listening tests
Preliminary tests were made in 1972,
using an Altec Room Equaliser. This has
a number of resonant circuits covering
the audio range. Each may be varied to
be either a peak or a dip. Listening tests
were carried out, using two makes of

high quality headphones, thus avoiding
the effect of room acoustics. Using
white noise a single peak of 2dB in the
mid-range was clearly audible, giving
the noise a definite pitch. At the ex-
tremes of frequency, the ear was less
sensitive, as might be expected. A 2dB
dip in the mid-range equally gave a
definite pitch to the white noise.

The main listening tests were carried
out by Fryer'. A number of frequencies
were used with a Q of 50, 25, 10, 5, 2.5,
and 1. Three sources were used, white

Fig. . Levels at which response peaks
become inaudible for six values of Q
and frequency, using three source
signals. Broken curves indicate
adjusted values (see text).

noise, the opening bars of Brahms first
Piano Concerto, and Cleo Laine singing
‘Peel me a grape’. The unbroken lines in
Fig. 1 show the level at which the peak
becomes inaudible. A-B tests were used
with compensation for the increase in
loudness caused by the addition of the
peak. A large number of listeners took
part, and were of various ages and
occupations. Each listener listened
alone, with no knowledge of other lis-
teners’ results.

White noise is the most sensitive,
followed by the Brahms. As the Q is
lowered, the level at which the peak can
be detected is also lowered. A hump of
given height, covering a large band-
width is more noticeable than a spike of
the same height, which affects only a
very small bandwidth. The ear evidently
detects mainly the energy or area under
the peak. In some cases, at high Q, the

beak can be well above the general level
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before being detectable, but in other
cases a low Q resonance, well below the
general level, is still detectable. Dam-
ping a resonance may not give as great
an improvement as hoped for, especially
at low frequencies. It follows from these
curves that a flat response, containing
peaks damped down to the general
level, is no guarantee of freedom from
coloration; also that two speakers with
smooth frequency response curves may
have quite different degrees of colora-
tion. Low-Q resonances near the ex-
tremes of frequency are similar in effect
to tone controls, and alter the character
of the sound rather than make it un-
pleasantly coloured.

There is naturally some scatter in
results; for example the gap between
the levels for Q of 25 and 10 for white
noise at 450Hz appears excessive. There
is good reason for thinking this.
Reducing the Q from 25 to 10 by dam-
ping means reducing the level by 8dB,
yet the detection limit drops 10dB. Thus
damping the resonance would appear to
make it slightly more audible! This is
highly improbable. 1 felt justified there-
fore in smoothing the curves, removing
this one anomaly. Values were adjusted
so that the differences between the dB
drop in reducing the Q, and the drop in
detectable level followed a smooth
curve in each case. This was done for all
points, the change in actual values
being kept to a minimum. The
smoothed curves are indicated by the
broken lines.

These curves agree in general with
similar tests reported by Bowsher®.
Under certain unstated conditions,
Harwood® obtained different results. It
can only be concluded that these con-
ditions were unrepresentative of normal
listening.

Application of results
The present curves, especially for white
noise, represent a very severe demand
on the loudspeaker; we may call this the
peak criterion. Few if any commercial
speakers meet the criterion, even over
part of the frequency range. There are
two basic ways of making a speaker
@® by using a relatively large light
diaphragm driven all over, for example
by electrostatic, piezoelectric or elec-
trodynamic means
@ by using a relatively small diaphragm
driven from a very small area, for
example by a moving coil.
For satisfactory operation, the first type
must have a very limp diaphragm,
operating well above the fundamental
frequency, in the hope that the over-
tones will be sufficiently damped as to
be undetectable. There is very little
information on this. The second type
must operate at frequencies well below
the diaphragm resonances. Most
speakers fall between the two stools.
Thin cones made of paper, metal,
plastics, carbon fibre, inevitably
resonate over almost all of their wor-
king range. The object in designing

such cones is to find a profile in which
none of the resonances is pronounced.
There is no way of calculating this, and
a suitable shape can only be found by
trial and error, a process which is still
going on after nearly 50 years, and could
go on ad infinitum. For this reason, it is
always possible that a beginner may by
chance produce a cone with a smooth
response. In some plastic film diaph-
ragms, the profile is known to be very
critical and small deviations may give
serious peaks. Even if a smooth res-
ponse is obtained, resonances will be
present. Such cones cannot be expected
to meet the peak criterion.

If a cone is to operate below its brea-
kup resonances, it must have the high-
est possible stiffness/weight ratio. As
deformation is mainly in bending, the
structure with the maximum bending
stiffness must be used, viz. sandwich
construction’®. The maximum stress in
bending is taken by the outer layers;
these are therefore made in a material
with the highest ratio of Young’s
modulus/density. The skins are glued to
a core, which must be as thick and light
as possible. Aluminium foil and ex-
panded polystyrene are the obvious
materials to use.

Possible speaker to meet the peak
criterion

By using sandwich construction, it
should be possible to meet the peak
criterion except at the ends of the
frequency spectrum, where the ear s
less sensitive and where further tests
are desirable. Sandwich cones are
usually of high Q, but the breakup
resonances can be damped down to the
general level by means of suitable dam-
ping material applied to the cone neck’,
If the white noise criterion is used, these
resonances must be about 24dB down,
assuming a Q of 1.

It is known from holographic
examination that a 25cm diameter
sandwich cone of 105° included angle
has a first resonance, the umbrella
mode, at 1300Hz, which is often difficult
to detect acoustically or by impedance
curves. Such a cone would meet the
peak criterion by crossing over at about
300Hz with a 12dB/octave crossover. A
6dB/octave crossover would be of little
value where a limit of —24dB is to be
met,

The mid-range could be handled by a
7.6cm diameter cone. The first breakup
would be at about 6kHz, allowing
crossover at 1.5kHz. Damping of the
resonances may require a rather large
weight of damping compound. Driving
from the periphery by means of a 7.6cm
diameter voice coil may give higher
breakup frequencies, although the mass
of the voice coil former would be
greater than for a smaller diameter coil.
Furthermore, diffraction at the cone
edge and resonance of trapped air may
be problems. If beryllium or carbon fibre
were available in suitable form, the
breakup frequencies could be raised
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considerably, thus easing the design.
The treble cone could be 3.8cm
diameter, again perhaps driven from the
periphery. To raise the first breakup
above 20kHz, beryllium or carbon fibre
skins would be necessary. Smaller cones
than this are difficult to construct and
the maximum permissible weight for
smaller cones is very low. The optimum
cone angle is 90 to 105°. The use of a
smaller included angle should raise the
circumferential mode frequencies but
decrease the radial mode frequencies.
As there are no radial modes in sand- °
wich cones, unlike paper, a small in-
cluded angle could be used. However,
this raised the first frequency, but low-

- ered the frequency of the second mode,

so that there was no advantage in going
to smaller angles than 90°.

The suspensions of the mid and treble
units should be designed to coincide
with the planes of the centre of gravity
and centre of inertia, thus avoiding any
tendency to non-axial motion. Likewise,
the leads must be brought out at 180°, as
it is known from holography studies
that if they are brought out together,
the unbalanced mass will cause rocking
of the cone. The fundamental
resonances of the two units when
mounted must be at least two octaves
below crossover, assuming good dam-
ping.

Very little can be done about the
fundamental resonance of the bass unit.
Most speakers show the effect of the
fundamental resonance in the slow de-
cay of the bass in delayed resonance
tests. The principal types of enclosure
are the reflex and the totally enclosed.
The full theory of the reflex has been
given by Thiele®. With correct design,
with correct coil and cone weights, flux
density, etc, the bass response can be
extended well below that for a similar
totally enclosed cabinet. Thiele’s work
has been translated into practical terms
by Garner and Jackson'® and by Col-
linson" at my suggestion®. However,
the reflex cuts off at 18dB/octave
compared with 12dB/octave for the
enclosed cabinet. In the present con-
text, a sharp cut-off is to be avoided. It
might be better to use an enclosed
cabinet with enough acoustic and mag-
netic damping to be critical (Q="2), the
response being —6dB at resonance. This
represents some loss of bass, but as the
cabinet is likely to be placed against a
wall during use, there will be acoustic
reinforcement of the bass.

The only other enclosure of interest is
the folded pipe or labyrinth, now called
the transmission line. This has the ad-
vantage of not increasing, or even
slightly decreasing the fundamental
resonance. Apart from any possible
extension of the bass, this would place
the fundamental resonance sufficiently
low in frequency to be inaudible. Un-
fortunately, the finite length of the pipe
and the necessary folds give rise to
resonances of the enclosed air'?, and
these are audible as ‘bumbling’, even
when damped with long-fibre wool'.
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Resonances of cabinet walls

The conventional rectangular cabinet
inevitably suffers from bending
resonances of the flat walls. In certain
cases, especially with large cabinets, the
sound output of the cabinet walls at the
frequency of panel resonance can ex-
ceed that of the speaker by several
decibels''. These resonances may be
damped by thick layers of damping
material glued to the panels, the weight
of the damping compound being
comparable the the panel weight.
Bituminous damping felt is the most
practical material * . Damping com-
pounds readily suppress the overtones,
but are less effective at the fundamen-
tal. The answer is to use a cabinet of
constant curvature, where there are no
bending resonances, only resonances in
direct stress!®. This has now been
utilised in two recent commercial de-
signs. Such cabinets are so stiff in
operation that almost any material may
be used for bass cabinets. A cardboard
tube of 30cm diameter has no
resonances below 2kHz, and the radia-
tion level at lower frequencies is 30 to
40dB below the signal. [t is fully equal to
brick and concrete and easily meets the
peak criterion.

The obvious method of mounting a
bass unit in a tubular cabinet would be
at one end. The tube could be 60cm long
X 30cm diameter with the bass unit
facing upwards. A long pipe may give
trouble with organ pipe resonances.
With a crossover at 300Hz, the bass unit
would be almost omnidirectional over
its working range. This would avoid any
possible apparent loss of mid-
frequencies due to listening off-axis.
Diffusers could not be used to increase
the spread of the upper frequencies
because they give irregularities in the
response curves and audible effects at
lower frequencies. Inverting the
speaker unit so that the rear faced
upwards, the rear face of the cone being
clearly visible from the listening posi-
tion, did not alter the directional pro-
perties. Mounting the speaker at one
end of the tube, facing the longest
direction has the advantage that the
rear reflected wave will be at the lowest
frequency; it is less likely to be audible
and has the maximum thickness of
acoustic absorbent through which to
travel. Re-radiation of the reflected
wave is thus at a minimum. A sandwich
cone gives much less re-radiation than a
conventional paper cone'®,

The mid and treble units could be
mounted in the cylindrical surface,
without unduly affecting the perfor-
mance of the cabinet; if necessary, the
cutouts could be stiffened up with ad-
ditional material. The diffraction effects
at the sharp edges of a conventional
cabinet are avoided, and provided the
units are not at centre height, a cylinder
was found to be almost as good as a
sphere or ellipsoid for avoiding diffrac-
tion. That diffraction effects can be
audible in the worst case is shown by
the following test.
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Fig. 2. In the listening tests discussed
resonance peaks with Q of I to 50 were
switched in and out in establishing
level of inaudibility. Detectability
decreased by 3dB for each doubling of
Q. ’

A single speaker was used, as no two
units sound the same on white noise,
and differences due to position in the
room are avoided. The speaker was
mounted in a 30cm diameter sphere and
fitted with a 30cm diameter removable
flat baffle. On white noise, the dif-
ference with and without the baffle was
quite clear. The effect of the baffle on
the frequency response was to intro-
duce a hump of 4dB at 1kHz and a
hollow of 4dB at 1.8kHz.

In addition to spurious external
radiation by the cabinet walls, there is
the possibility of sound being transmit-
ted from the bass into the treble cavity
and vice versa. Tests in 1974, which
unfortunately I could not complete,
suggested that this transmission may
not be negligible in all cases.

Crossover networks

[t has been known for many years that
there is phase distortion in most
crossover networks, the 6dB/octave
quarter section being the only common
one free from this. Crossover filters
have been studied by Wall'® at my sug-
gestion.* He devised a three-way filter
without phase distortion. This uses a
two-way half section with a mid-section
to correc the phase. Baekgaard'” has
devised a similar filter. Although the
mid-speaker operates only over a nar-
row band, the cut-off on each side is
only 6dB/octave. If it is to meet the peak
criterion, it must be free from
resonances over eight octaves. Such a
speaker would be a full range one and
would hardly need crossovers. It might
be possible to make an acceptable unit

by rolling off both bass and treble
acoustically by suitable design.

Another possibility is a linear-phase
filter of the Gaussian or Bessel type, i.e.
beyond cut-off the phase angle is pro-
portional to frequency, although design
data is scarce. Nomoto et al'® have
demonstrated the wavefront from
speakers by means of measurement
over a large number of microphone
positions, using a computer. A two-way
system using a Bessel filter showed a
wavefront corresponding to the input
signal, in contrast to a Butterworth
filter.

A number of commercial speakers
have been produced recently, in which
the mid and treble units have been set
back behind the plane of the bass unit.
The acoustic centres should thus be in
the same plane and acoustically in
phase — the “‘linear phase” system.
Some of these have crossovers without
phase distortion, others have conven-
tional crossovers. If in a two-speaker
system, the treble unit is placed on top
of the cabinet and moved back and
forth, there is a slight difference in
sound with position on white noise. This
is clearly heard from above the speakers
and is obviously due to reflection off the
top of the cabinet. The test was repeated
with thick absorbent on the top of the
cabinet and with the treble unit
mounted in a sphere to avoid diffraction
effects. The difference with position
was still present on white noise, again
clearly so from above the speakers and
was reflected from the top of the
cabinet. Setting mid and treble units
back necessitates steps in the front face
of the cabinet, and these may be bevel-
led to reduce reflection. A treble unit
was mounted off centre in the usual
way near the top of the front panel of a
typical rectangular cabinet. The edges
of the cabinet were bevelled to reduce
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diffraction. A removable 7.8cm thick
panel with a 45° bevel was fitted below
the treble unit. On white noise, there
was a small but definite difference with
and without the panel. The effect of the
panel on the frequency response was to
create a small dip at 2kHz. It seems that
any audible effect due to the acoustic
centres being in the same plane is very
small and is masked by reflection.

Other sources of spurious radiation
Other components of the speaker be-
sides the cone may give spurious radia-
tion. The surround in particular is of
appreciable area and tends to move out
of phase with the diaphragm, especially
at large excursions at low frequencies.
Also, it is well known that an insuf-
ficiently damped surround will give a
dip and a peak in the response curve.
The units could operate without sur-
rounds. The moulded edge of the ex-
panded polystyrene could be a clea-
rance fit in the chassis rim. The clea-
rance would be filled with a suitable
magnetic fluid, a retaining magnet
being incorporated in the rim of the
chassis. The outer edge of the cone and
inner edge of the chassis would need to
be rounded to reduce diffraction. Two
rear suspensions would probably be
necessary for centering the bass unit.

Dust domes are another possible
source of spurious radiation. There are
two possible forms

- @ A rigid airtight continuation of the

cone. This must meet the peak criterion;
on an area basis, the radiation will be
about 14dB below that of the cone.
@ An open structure, allowing free
passage of air. This assumes that the
acoustic resistance offered by the mag-
net gap is sufficient to avoid losing bass.
Rather than being strictly dust-tight,
this prevents most foreign bodies from
entering the magnet gap. Measure-
ments showed that the conventional
undoped impregnated fabric dome and
plugs of (flexible) open-cell urethane
foam were satisfactory. Any radiation
by these components would be largely
cancelled acoustically because of their
open structure.

Voice coils are another possible
source of resonance. The compliance of
the neck of the former may resonate
with the mass of the cone. The neck will
deform by direct tension and compres-
sion, but is unlikely to buckle except for
very long formers in thin material. It
can be easily shown that the load ne-
eded to cause elastic buckling of the
former far exceeds the load due to the
driving force. A typical 2.5cm diameter
former in Kkraft paper may resonate
around 8kHz, and in many moving coil
tweeters, the output consists mainly of
cone and coil resonances. In the present
case, short 3.8cm diameter formers in
epoxy-glass fibre and in carbon fibre
were stiff enough to avoid resonance in
the audio range.

Another source of coloration is
reflection from obstacles behind the
cone or resonance of air cavities created

D. A. Barlow, B.Sc. M.Sc.
Ph.D. F.A.E.S. ... unemployed

Don Barlow left Fane Acoustics when they
closed down their laboratory last year,
reluctantly joining the unemployed. And it
was another closure that forced him to leave
the Rank Leak Wharfedale research
laboratory three years before that. At RLW,
he worked on a viscous-filled sphere sus-
pension for turntables, also developing a
lightweight tubular enclosure designed to
be free from panel resonances. But perhaps
his most well-known contribution to audio is
the sandwich loudspeaker that he deve-
loped and produced whilst with H. J. Leak &
Co. in the 1960s. He actually conceived the
idea (WW Dec 1958, pp 564-9) in his
spare time, his job then being concerned
with the properties of aluminium alloys
following graduation in metallurgy at
Birmingham University back in 1943, and
through which he gained an external M.Sc.
12 years later. Two other WW articles
which reflected another spare-time interest
— groove deformation in records — were
published in May 1957, pp. 228-30 and
April 1964, pp. 160-6. :

by such obstructions, for example the
chassis. It is well known that the rear
radiation from a speaker is seldom as
clean as that from the front. Listening
tests were made with white noise fed to
the unit with a very open chassis. On a
flat baffle, the slightest obstruction at
the rear was immediately audible from
the front. The speaker was thén
mounted in the wall of a room and
obstructions introduced at the rear.
Small obstructions corresponding to a
chassis were detectable, but gross
obstructions, for example a shallow
enclosing box were clearly audible.
Providing the enclosure was fairly deep
and filled with absorbent, it was very
difficult to detect.

Acoustic interference between units
is noticeable on sine wave in bad cases
for example where two treble units are
used in parallel, perhaps to increase
power handling capacity. The loudness
varies on moving the head. In more
typical cases, the transient test results
are poor at crossover frequencies, but
whether this produces an audible effect
is not known. It may be desirable to
avoid crossing over in the mid-range
where the ear is most sensitive to col-
oration. It might be passible to reduce
interference by means of careful co-
axial design.

Fallibility of listening tests

In production, the sensitivity of units.
will vary due to variation in mass of
diaphragm, mass of dope applied, mass
and resistance of voice coil, and mag-
netic flux. In a multiple speaker system,
it is well known that if the units are not
carefully matched for sensitivity, the
whole character of the sound is altered.
Furthermore, we have already seen that
the character is altered by small dif-
ferences in shape of response curve.
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Again, in listening tests on amplifiers in
1972, it was found that a gradual slope
of +2dB from bass to treble due to
slight inaccuracy of equalization gave a
different character from the reverse
slope. Speakers may well be judged on
the character of sound which the lis-
tener prefers, rather than on the quality.
Speakers used by the British Broadcas-
ting Corporation have to meet very
close tolerances, perhaps in order to
maintain the same character of sound.
Harwood!? has described errors which
can arise in listening tests. The question
arises: if a speaker were built to be free
from coloration, would it be recognised
as such?
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Consumer scene has to
get better

MAKERS AND distributors of consumer
electrical and electronics products can ex-
pect a better year in 1978 — as Jordan
Dataquest point out in a recent survey, it
couldn’t be much worse than things have
been up to now. The nine largest private
companies in this sector made profits which
averaged 0.7% in 1975 and '76.

About 140 of the 392 companies surveyed
are private, and most of them are tiny: “The
largest private company . . . engaged in
electronics manufacture and also trading
profitably is Stereosound Productions Ltd,
which is 154th in order of size.” The profit
margin, said Jordan referring to private
companies, “is distressingly low.”

The survey goes on: “This low profitability
may, of course, simply reflect the nadir of an
economic cycle and low consumer demand.
Nevertheless a perusal of the companies’
figures for the previous year also reflects an
unexciting picture. Moreover out of 392
companies nearly a quarter (23%) were losing
money in the period reviewed.” One com-
pany, however, whose performance had been
outstanding was Waltham Electronics, a
subsidiary of an Irish company, which in-
creased its margin to 6.9% by nearly trebling
profits on a slightly increased turnover of
around £5.5 million.

There is little doubt that the consumer
goods trade will improve in the next year at
least. One reason is that as an election
approaches the Chancellor is likely to make
as much as he can of any opportunity to cut
direct taxation, and indeed he has already
committed himself to doing this.

Another reason is that as a result of North
Sea oil the pound is considerably stronger
than it was, and this has caused inflows of
foreign capital. These have been deposited in
British banks and will make lending easier.
This effect is an inflationary one in that it is a
direct increase in the money supply. This is
why the fiscal authorities have stepped in to
try to halt the rise in the pound by buying
gold and foreign currency in an attempt to
halt these inflows of hot money which, apart
from anything else, are just as likely to run

out of the country again at the first sign of an.

economic squall. Another point about a
rising pound is that it makes imports cheaper
and reduces the profits of companies selling
abroad. []

More space and support
for Communications ‘78

THE FOURTH international communications
equipment and systems exposition, Com-
munications 78, is to be held at the National
Exhibition Centre, Birmingham, April 4-7.
For the first time, the event is being sup-
ported by the International Telecommunica-
tions Union, Post Office Telecommunica-
tions, and the Home Office’s Directorate of
Radio Technology and Directorate of
Telecommunications. The IEE are again
organising the conference but, for the first
time, they are working with the IERE, the
UKRI section of the IEEE, the IEEE Com-
munications Society and the Convention of
National Societies of Electrical Engineers in
Western Europe (EUREL).

There will be three main themes: PTT
Telecommunications, Fixed and Mobile

Radio Communications, and Defence Com-
munications. Each has been allocated a day
of sessions. The inaugural day will include an
address by the president of the IEE, Mr J. M.
Ferguson. Three sponsored tours, called
inward missions, have also been arranged for
selected groups of visitors, preferably over-
seas visitors, interested in PTT, fixed radio or
defence communications.

In 1972, when this event was first held, the
exhibition covered only 120 square metres. In
1974 it increased by 50%, and in 1976 it
doubled to 3,678 square metres. Next year’s
exhibition space will be three times that of
the last — more than 12,500 square metres. So
far 90% of this space has been allocated to
electronics companies and other bodies. []

Gilbert Briggs

GILBERT BRIGGS, engineer, businessman, jour-
nalist and author, founder of Wharfedale,
died on January 10 aged 87. His death fol-
lowed those of Guy Fountain, founder of
Tannoy, and L.p. inventor Peter Goldmark by
a few weeks.

Briggs didn’t start in audio at all. Brought
up in an orphanage, he was self-taught, and
his career began in the Bradford textile
industry. He began Wharfedale Wireless
Works in 1933, under his wife’s name, where
it remained for 20 years. He sold the business
to Rank “for a slight profit” in 1958.

He built his first speaker in the autumn of
1932, winning a local radio society competi-
tion with it. A few days later, he once recal-
led, a wholesaler came round and ordered a
gross of them. He agreed to supply them at a
dozen a week. By March 1934 he had made
4,600 speakers and a loss of £1,000. By 1939
production was 9,000 speakers a year. During
the war the factory made transformers for
the navy.

After the war he began to write what many
regard as a classic series of books on audio
and related subjects. The methods he de-
scribed are still valid today.

He also began a now-famous series of
combined lectures, concerts and demonstra-
tions at various places including Carnegie
Hall. By the time the final concert was held at
the Royal Festival Hall on May 9, 1957, seven
of the fifteen items on the programme were
in stereo and Leon Goossens (oboe) was
taking part in the live demonstration.

He leaves a wife, Doris, and two daughters.

Racal — back to business

ON THE DAY two of their former executives
and a Ministry of Defence functionary were
found guilty of corruption at the Old Bailey,
Racal shares went up 18 pence, according to
the BBC financial report, and 9p if you believe
The Times business section. The news seems
to have damaged them not a whit. The wife of
one of the convicted men said she would go
out and celebrate the verdict with brandy at
£7 a glass.

The trial arose from the Middle East arms
scramble of the early 70s, caused by the
conflict with Israel and increasing oil
revenues. In 1966 the Defence Sales Organ-
isation was set up to allow British firms to get
the benefit of the arms contract bonanza. It
was staffed partly by British Army officers
but its first head was Raymond Brown, who
had, as it happened, founded Racal with
Calder Cunningham in 1950. Mr Brown was
knighted in 1969, when he left the D.S.O.

In January 1971 Britain won an order to
build 300 tanks for Iran. This was followed in
May by a further order for 433 tanks, and the
two orders were together worth £100 million.
The middle man between the Shah and the
British Government had been Sir Shaapoor
Reporter, given an OBE in the same year as
Sir Raymond received his knighthood, and a
knighthood in 1973, for services to British
exports. The Chieftain order earned, if that is
the word, Mr Reporter £1 million, 1% of the
sale price.

The next available contract was that to
supply radios for the tanks, an order worth £4
million. Reporter, a close friend of the Shah,
had to be paid commission if any Iranian

contract was to be won. Normally the bribe
would be added to the contract price, and
since the money would come ultimately from
the Iranian taxpayer the British authorities
learned to live with the arrangement.

The British Ministry of Defence official in
charge of trying to get British firms the order
for the radios was, at the beginning of the
seventies, Major D. A. C. Randel: by the time
he was tried for corruption he had been
promoted to lieutenant colonel. Randel was
in the Royal Corps of Signals, attached to the
Defence Sales Organisation.

One of the firms in the running for the
contract was Racal subsidiary British Com-
munications Corporation. The sales director
was Frank Nurdin who, like Shapoor
Reporter, had received an OBE in the 1969
honours list. He was determined that Racal's
VRQ301 radios would be the ones installed in
the Iranian Chieftains. Nurrdin, since dis:
missed by Racal and now working for
Plessey, and his managing direcor, Geoffrey
Wellburn, began a series of cash payments to
Randel for favourable treatment of the Racal
tender. Randel was convicted of receiving
£7,000, £5,000 and £2,800 on three occasions
during 1972.

According to evidence given at the trial,
Randel had demanded %% commission, or
£20,000. He had developed a taste for the high
life. He had joined a number of fashionable
clubs and had opened a Swiss bank account.
He first came to the notice of the army
special investigation branch when, in 1974 as
a consultant to the Oman government, it was
noticed he was living beyond his means. He



www.americanradiohistory.com

WIRELESS WORLD. MARCH 1978

39

was arrested in April, 1976, and is reported to
have told police: “I have had a bloody good
time, really, a bloody good time.”

Witnesses at the nine-week trial included
Racal chairman Ernest Harrison, who denied
any knowledge of the payments, as the two
Racal defendants claimed he had, and Oliver
Prenn, former chairman of Racal BCC, who
said at first that he had told Wellburn to
ignore pressure from Randel for %% and that
there had been no question of paying the
Iranians. Three days later he went into the
witness box to admit perjury. Five days later
he resigned from Racal. Reporter had
received 2% commission on the radio deal, as
well as another sum for Reporter personally
since the commission went mostly to charity.

The total was £250,000 in addition to the £1
million given him by the British Government
through Millbank Technical Services, part of
the Crown Agents, for the tank order.

There is no telling whether the trial will
have any more far-reaching results than the
sentences imposed: three years for Randel, 18
months for Nurdin and 12 months, suspended
for two years, for Wellburn. At the time of the
verdict a lot of newspaper speculation
centred around embarrassment — which we
can be sure was genuine — in Whitehall and
the Government, and stories of a new broom
sweeping through the defence sales system —
which we can be equally sure were not.

Defence sources believe that once the fuss
over the trial has died down defence con-
tracts with foreign countries will be con-
ducted much as they have been, if only
because of the difficulty of distinguishing
between bribes and legitimate consultancy
fees. There is some puzzlement that a com-
pany like Racal, which the sources say owes
its success to providing good equipment and
a first rate after-sales service, should have
been singled out.

As taxpayers we can only wonder whether
our own administrators are being suborned
in a way that we seem prepared to suborn
those of other countries, but we can feel
justifiably annoyed that these “commis-
sions” earn tax relief for the companies who
pay them.

Racal’s success in exports has been encou-
raged by successive ministers from govern-
ments of both parties, and the latest of them,
Fred Mulley, did not allow an impending trial
to deter him from opening Racalex 77.

. A Racal spokesman pointed out that the
two executives had been fired in 1974 as soon
as an internal investigation had revealed that

“improper payments had been made.” They-

reported these payments to the Ministry of
Defence and the police, the spokesman said.
The rise in share price “‘reflected the City
view that we were in fact the ones who
started this off.” It was not the company that
had been on trial.

According to the Iranian embassy an
agreement existed between the two govern-
ments that all transactions on the tank
orders were to be conducted on a govern-
ment to government basis, and that the costs
of re-equipping the lranian Army were to be
kept to a minimum. The trial now forced the
Iranian government to re-examine whether
this agreement had been broken. If so action
would be taken to recover the money.[ ]

dressed for a visit by the Prince of Wales.

E et

The Poldhu Hotel as it was in 1903. The four wooden aerials of Marconi's wireless station are

The Crown and the

Home Office

THE DECISION that the Queen should not
take part in an exchange of radio greetings
with President Carter to celebrate the 75th
anniversary of the first radio message from
the United States to England was not wholly
due to the malign influence of the Home
Office, as has been reported elsewhere. Even
“had the Home Office given its blessing to the
enterprise, which is extremely unlikely, the
palace would not have taken part on the
grounds that, as they told the Cornish amat-
eur radio club who organised it, the Queen
does not normally take part in 75th anniver-
sary celebrations unless the circumstances
justify it on some other grounds.

When the news that the President’s well-
wishes would go unanswered first appeared
in the Guardian on January 10, Conservative
MP Robert Adley issued a furiously intem-
perate statement saying he would put down a
question condemning “this bureaucratic,
bumbling, nonsensical decision (which)
could only have been taken by a socialist
minister who does not remotely understand
the feelings of ordinary folk. It was taken by
poor little Lord Harris, who no doubt sees his
job as repeating parrot-like and rubber-
stamping everything his civil servants tell
him.”

Mr Rees replied: “The international radio
regulations forbid the use of amateur sta-
tions for transmitting international com-
munications on behalf of third parties except
in emergencies . ..”

The anniversary is an odd one. The first.

transatlantic signals had been transmitted in
December 1901 when Marconi received the
letter S in Morse at St Johns, Newfoundland,
from Poldhu. Cornwall. Until 1949, New-

‘foundland was not part of Canada, and the-

Anglo-American Telegraph Company
immediately served notice on Marconi that
they had a monopoly of communications
between England and the British colony.
The neighbouring Canadian government
then offered Marconi £16,000 to build a
station on their territory, and Marconi built it
at Glace Bay, Cape Breton lsland, Nova
Scotia. It was completed in October, 1902. St
Johns and Glace Bay, two of the coastal

points nearest Europe, had been set up to
prepare the way for contact with stations
farther south, in the United States. A station
had already been established at Cape Cod,
Massachusetts.

On January 18, 1903, Cape Cod sent a
message to Glace Bay from President
Roosevelt, with instructions to forward it to
Poldhu. In the early hours of the 19th, how-
ever, it was picked up at Poldhu direct from
Cape Cod, making it the first wireless
message transmitted direct from the US to’
England. In it, Theodore Roosevelt sent
Edward VIII “most cordial greetings and
good wishes.” A full commercial service
started between Canada and Clifden, Ireland,
in February, 1908.

The Cornish amateurs began planning to
celebrate the message’s anniversary some 18
months ago. In April they wrote to Buck-
ingham Palace suggesting that the Queen
might like to reply to the messages they had
arranged to receive from president Carter.
The reply said the palace would look into it,
but in June the palace wrote again saying she
would not normally take part in a 75th
anniversary and that, in any case, they
understood that the message would be
against international regulations. A further
letter from: Lord Harris went into more detail.

It had never been proposed that the Queen
would go to Poldhu and speak into the
microphone the amateurs had set up at the
Poldhu Hotel. The idea was that the Queen
would send a message in writing which
would then be read over the air, and trans-
mitted in Morse over a simulated spark
transmitter. It would reply to a message from
President Carter which had been arranged by
Robert Dogherty of the Barnstable,
Massachusetts, radio club. According to Lord
Harris, “It is forbidden for amateur stations
to be used for transmitting international
communications on behalf of third parties.”

In fact the latest edition of the radio
regulations published by the ITU last Sep-
tember put it a little stronger than that;
Article 41, paragraph two reads: “It is abso-

Continued on page 70
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Transequatorial on
144MHz

One of the most interesting discoveries
resulting from amateur v.h.f. operation
during the past 30 years has undoubt-
edly been “transequatorial propaga-
tion”: the ionospheric reflection of
signals up to and above 50MHz, usually
between places in roughly a north-to-
south line, one on each side of the
equator (e.g. Cyprus to Rhodesia, Japan
to Australia).

What appears to have been the first
144MHz two-way contact to have been
effected by means of transequatorial
propagation was recorded in October
1977 between YV5ZZ in Venezuela and
LUIADA just south of Buenos Aires in
Argentina. The 3,180-mile (4,446-km)
contact also represented a new world
long-distance record, other than by
“moonbounce”, for this band; pre-
viously the record was held for what
appears to have been tropospheric duc-
ting between Hawaii and the USA.

Since the transequatorial mode con-
tact was between about 10° North and
35° South of the equator at roughly an
equinox, this suggests that 144MHz
contacts might be possible between say
California (35° North) and Argentina.
The YV5ZZ-LUIADA contact was or-
iginally established on c.w. but s.s.b.
was used later, with little fading. Sub-
sequently YV5ZZ also contacted
LU7DJX a little to the north of Buenos
Aires.

This is a further important success for
South American v.h.f. operators. In
June 1977, PY20B in Sao Paulo heard
the first transatlantic. 144MHz signals
when he received TU2EF in the Ivory
Coast, over 3,496 miles away, although
it seems unlikely that this was due to
the transequatorial mode, and may
have been the result of ducting: micro-
wave radar signals are also believed to
have been received in South America
from Africa on various occasions. A
S50MHz beacon station planned for the
French space centre at Kourou, French
Guiana (about 9° North) should prove
valuable for the detection of long-
distance v.h.f. propagation modes in the
area.

T.v.i. and receiver
immunity

The Home Office’s “Radio interference
report for 1976” (issued December 1977)
reflects important changes that have
been made in gathering and recording
information about the interference
complaints investigated by the Post
Office Radio Service and brings it more
into line with similar reports published
in some other countries.

For radio amateurs the changes have
resulted in the transfer of many com-
plaints previously recorded as being
caused by radio transmitters (when the
transmitters were not at fault) into such

DO

categories as insufficient immunity of
the receiving equipment. The 1976 total
of complaints registered as being
caused by amateur transmitters has
thus dropped dramatically from 785 to
only 151 (fundamental radiation) plus
36 (harmonic radiation).

The total number of interference
complaints (identified or unidentified)
was 42,395, representing a decrease of
4.73%; but although television com-
plaints continue to fall (27,723 or
—15.66%), complaints of interference to
radio reception have been climbing
steadily ever since 1971 and now reach
13,322. The Home Office suggests this
reflects “growing interest in radio lis-
tening”. Contact devices on domestic
electrical appliances (eg thermostats)
continue to represent the most common
cause of electrical interference,
although a very high proportion of all
complaints still arise from poor aerials
or faulty receivers.

RTTY trends

John Jones, GW31GG, secretary of
BARTG, notes that although the silent
visual-display-unit (v.d.u.) approach to
r.t.ty. is bringing many new operators
on to r.t.t.y., most of the operational
stations continue to use hard copy
machines for contacts. He notes a pro-
blem with the v.d.u. system is the loss of
easy tabulations. Because of cost, he
expects that the average amateur sta-
tion will continue using hard copy
machines rather than v.d.us for at least
the next five years. He also forecasts
that the “50 or 45 baud” speed problem
will remain important, with increasing
pressure from British amateurs to
change to 50-baud operation within the
next few years.

Just as the number of commercial
stations providing c.w. transmissions
suitable for morse practice has de-
creased sharply over the years, John
Jones notes that the use of com-
munications satellites and multi-
channel links with error correction Sys-
tems or privacy arrangements has led to
a big reduction in the number of com-
mercial stations on which r.t.t.y. sys-

tems can be set up with simple equip-
ment for test purposes. He also suggests
that amateur r.t.t.y. operators should
employ more of the informal abbrevia-
tions used in amateur c.w. operation, on
the grounds that it is faster to learn to
abbreviate than to learn to type. Mem-
bership of BARTG now exceeds 600.

Scanning the bands

A new 23-cm beacon station, GB3MLE,
has been installed in the enclosed room
at the 900ft level (1,800ft a.s.l.) of the
IBA’s concrete tower at Emley Moor
near Huddersfield, Yorkshire. It
operates on 1296.93MHz with an effec-
tive radiated power of about 50 watts;
also operating from this site is a
432.91MHz beacon station, GB3EM.

The tentative launch date for the
Amsat AO-D satellite (if successfully
placed in orbit this is likely to be known
as Oscar 8) is now March 5. The trans-
ponder will operate only in the 144MHz
to 432MHz mode during the first few
days after launching. Since January 1,
the Oscar 7 satellite is operating for two
days in Mode B, followed by one day
only in Mode A.

Arrangements for the International
VHF Convention at the “Winning
Post”, Whitton, Middlesex on February
25 now include a trade exhibition, dis-
plays of home-made v.h.f. equipment
(with emphasis on equipment made
with the type of facilities available to
most amateurs), and a programme of
lectures.

P. Pierrat, F2TU, has described
(Radio-REF, No 12, 1977) an ambitious
light-weight parabolic dish aerial with a
diameter of 6 metres. It has a claimed
gain of some 28dB on 432MHz and the
weight (not including source or
counter-weights) is about 35kg.

Interest in 10GHz activity seems to be
spreading to more countries in Europe.
It is also reported that 500 of the 10GHz
“Gunnplexers” marketed by Microwave
Associates and suitable for amateur
transceivers have been sold in 20 coun-
tries.

In brief

The new syllabus for the Radio Amat-
eurs’ Examination (to be largely based
on multiple-choice questions) is causing
some very raised eyebrows at the com-
plete absence of any requirement to
understand thermionic devices; it con-
centrates entirely on semiconduc-
tors... RSGB contests during March
include: March 4-5, 144/432MHz; March
11-12, Commonwealth h.f. contest
(former BERU contest); and March 19,
70MHz open . .. The mobile rally season
opens on March 19 with the White Rose
Mobile Rally at Lawnswood School,
Leeds ... Membership of the “G-QRP-
Club” devoted to low power radio com-
munication has now passed the 350
mark.

PAT HAWKER, G3VA
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Audio power amplifier design — 2

Negative-feedback concepts

The best result of mathematics is to be able to do without it — OLIVER HEAVISIDE

by Peter J. Baxandall, B.Sc.(Eng), F.I.E.E., F.I.E.R.E.

In the January issue the concept, and
possible consequences, of slew-rate
limitation were discussed. with particular
reference to one cause. in which the first
stage of an amplifier 1s unable to supply
the current demanded by the
collector-to-base feedback-stabilization
capacitor in the second stage. With
suitably modified circuit designs such
effects may be made insignificant. Before
specific circuits are discussed in later
articles, the present article will deal with
some basic 1deas about negative
feedback and transfer functions.

Feedback terms: definitions

k1g. | represents the general case of an
amplifier with overall feedback. The +
and — signs against the symbols for
voltages indicate the polarities that
exist when the instantaneous values are
called positive. V_ ,/V, is the gain with
feedback, or closed-loop gain. A is the
forward gain, or open-loop gain. From
the diagram it is evident that

(B vr)ut + vin)A =V

out

(kxcept at middle trequencies, the +
sign must be taken to mean addition
taking account ot phase angle.)

From the above

vou[(l - Aﬁ) = Avm
A

orV "
1-Ap

nul/vm = (1)
This formula may be regarded as the
universal teedback formula, and is just
as relevant to positive-feedback appli-
cations such as Q-muiltipliers and some
active filters as it is to negative-
feedback amplifiers. At medium
frequencies. where it will be assumed
there are no unwanted phase shifts, A
should be taken as a simple negative
number it the amplifier phase inverts,
B should be taken as negative it the
output from the 3 network is subtracted
from V,, instead of being added as
shown. For a negative-feedback
amplifier Aj} will be negative at medium
frequencies.

Sometimes the denommator of (1) is
given as 1 + AR, and then only the
magnitudes and not the signs of A and
are to be mserted in the tormula. The
formula 1s specifically a negative-
feedback formula, and the correspon-
ding formula for positive teedback then

has a denominator 1 — Aj3. This is surely
an unnecessary complication, which
can lead to confusion in some applica-
tions where it is not immediately
obvious whether the teedback is to be
treated as positive or negative.

The loop gain is the gain right round
the teedback loop, and is A in Fig. 1.
This concept is simple enough in the
ideal context of Fig. 1, but in many
practical circuits some care must be
taken when calculating or measuring
the loop gain. For example, how do we
calculate the loop gain in Fig. 27 If the
loop is broken by removing the connec-
tion between P and Q, and a test voltage
V, is applied between P earth, then this
would produce, at the junction of R, and
R;, with Ir; removed, a voltage of V3.
This voltage is effectively applied to the
emitter of I'r, 1n series with a resistance
of R,Ry/(R,.R,). whichappearsin series
with 1/g,,, reducing the etfective
mutual conductance of the stage.
Alternatively we may calculate the
value of R, and 1/g,, in parallel, and use
this value in place of R, for calculating
the actual feedback voltage appearing
at the emitter due to the test voltage V.
In obtaining the relevant output voltage

from Tr,, kKnowing its collector current,
it is necessary to add a load resistor
between ) and earth of the same value
as that previously provided by the feed-
back network.

Fig. 3 illustrates the meaning of the
terms series, shunt, current and voltage
teedback. It will be seen that the con-
vention is that ‘series’ and ‘'shunt’ relate
to the way the tfeedback is injected into
the input circuit, whereas ‘voltage' and
‘current’ relate to the manner in which
the feedback is derived in the output
circult. Voltage feedback causes the
load to be fed as from a generator whose
internal impedance, or output imped-
ance as it is often called, tends to zero as
the amount of feedback is increased,
whereas current feedback causes the
output impedance to tend to infinity
with increasing teedback.

lig. 4 shows how a combination of
voltage and current negative feedback
may be used to produce an amplifier
with a prescribed value of resistive
output impedance, such as might be
required, for example, when feeding
into a telephone line. This technique is
less wastetul of available output power
capability than is the alternative of

\

—Qa

gain
A

e

Voltage

0O—]

+
Vout Load

7

network

Fig. 2. Circuit relating to discussion
of loop gain. Biasing details are
omitted for clarity.
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Series current feedback

High-value s
resistors

(a)

(b) equivalent circuit as seen by load.

Fig. 3. Four different types of negative feedback.
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Fig. 4. (a) Feedback circuit with combined voltage and current feedback;

Vin

]

Load
Shunt voltage feedback

-
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: : Load

Shunt current teedback

|

Zioad

(A} assumed infinite)

(b)

using an amplifier with simple voltage
or current feedback, in association with
a resistor equal in value to the required
output impedance.

Considering Fig. 4(a), and assuming
the ideal case of an infinite-gain
amplifier, it is evident that

B Vmau*’ r Iluad= Vln

or “(Zluad Ih)ud) +r Iloud = vm

which gives

lowa =
foad = 4 BZ)d
or
@
load r/ ﬁ + Zloud

‘This shows that the equivalent circuit
must be as in Fig. 4(b). By arranging for
the voltage drop across r to provide
positive instead of negative feedback, a
negative resistive output impedance
may be obtained.

Amplifiers are often said to have x
decibels of negative feedback at a
specified frequency, and such a state-
ment is open to more than one possible
interpretation. It is sometimes taken to
mean that 20log,i|loop gain{=x, but
the normal and preferred meaning is
that the amount of negative feedback is
such as to reduce the amplifier gain by x
dB, due precautions being taken to
maintain equal loading conditions be-
fore and after closing the loop, as
already explained. A little thought in
relation to equation (1) will show that
these two definitions of the amount of
negative feedback are not precisely
equivalent, and differ quite significantly
when the amount of feedback is small.
With the preferred definition, feedback
is negative at a given frequency it it
reduces the gain and positive if it in-
creases the gain. trequently a practical
negative-feedback amplifier will exhibit
a peak in its frequency response at high
frequencies, near the unity-loop-gain
frequency. In the region of the peak, the
gain may be higher with feedback on
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than without it, so that the intended
negative feedback has here become
positive feedback.

It is sometimes said that feedback is
negative if the real component of the
teedback voltage, BV, 1s in antiphase
with V', Fig. 1, V' itself being taken as
purely real, and that teedback is positive
if the real component of BV, isin phase
with V’. This, however, is a popular,
misconception, and is quite inconsistent
with the distinction between positive
and negative feedback given above — as
will become evident from the discussion
of phase relationships later in this
series.

Stability considerations

The subject of stability in feedback
systems is a vast one, on which many
learned and highly mathematical
treatises have been written. The most
famous are probably those of H.
Nyquist! and H. W. Bode?, both of Bell
Telephone Laboratories. Though old,
these contributions deal with the fun-
damentals of the subject thoroughly
and in depth, and are still regarded as
absolutely sound. Many electronic en-
gineers such as myself, particularly
those lacking any formal training in
feedback theory, are liable to feel rather
overwhelmed by the amount and com-

plexity of the available literature, and
concepts such as complex frequency,
poles and zeros, contour integration,
the Heaviside operator, Laplace trans-
forms and signal-flow graphs seem like
insurmountable barriers to some
people. However, | believe that the vital
thing is to acquire sufficient theoretical
understanding to be able to appreciate
vividly the reasons tor the various
effects that occur, and what the avail-
able possibilities are for modifying the
circuit design as first conceived to give
optimum performance. The amount of-
detailed theoretical background
necessary to achieve this is in fact sur-
prisingly small — though some of the
mathematical enthusiasts will probably
deny this!

There are several reasons why it is
unnecessary for a good amplifier de-
signer to know as much mathematical
feedback theory as is sometimes sup-
posed. Firstly, much of the fundamental
analysis was originally done to find out
what the stability criteria were, and
how they could be expressed in forms
convenient for engineers to use. This
having been done, and being weil esta-
blished, the engineer can use the results
without needing to be able to prove
them. Secondly, provided there is a
proper qualitative understanding of the
problem, the precise optimum values of
some components are often best deter-
mined experimentally. This is largely
because, at the quite high trequencies
involved — which may extend up to
several MHz — some degree of
approximation to the true transistor
behaviour would inevitabty have to be
adopted in a purely theoretical, perhaps
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computer-aided, design approach. Some
people may say that arriving at opti-
mum values for some components by
trial and error does not constitute a
respectable modern design technique,
but 1 cannot agree with this outlook.
One way to regard such a trial-and-
error approach is to say that one is using
the actual amplifier circuit itself as an
analogue computer — changes are made
to the circuit values and the results are
displayed in analogue form on an
oscilloscope. If carried out in an intel-
ligent manner, this seems to me to be a
much more direct, economical and
generally sensible technique than that
of forming a mathematical model of the
circuit for processing by a digital com-
puter, but 1 recognise that what is best
done depends a good deal on the back-
ground and preferences of the designer.

In some quarters there is a belief that
the circuit designer himself should
spend his time in an office with paper
and a computer, and leave the practical
work to others, but I do not think that
this philosophy is the most effective
one. Experimental work is very stimu-
lating — some unexpected effect is
observed, and in a flash one may see
that a modification to the circuit would
be an improvement. This can often be
tried immediately, and may lead to pro-
longed thought and further ideas. At
some point a theoretical analysis may
be called for, followed by more ex-
perimenting. It is this continuous
alternation of experimental and theoreti-
cal activity that leads, in my experience,
to the evolution of novel and improved
designs. Of course, an almost inevitable
result of such activity is often that what
started off as a neat experimental board
tends to have become a somewhat un-
tidy bird’s nest at a later stage. How-
ever, 1 think most amplifiers having any
real originality of design have probably
evolved through such a stage before
reaching that of an elegant printed-
circuit board.

A very real danger is that it an engin-
eer becomes too absorbed in advanced
mathematical techniques, he may fail to
give enough attention to other more
down-to-earth, but very important,
aspects of the overall design work. In a
contribution some years ago®, | said
“whilst it is virtuous to be able to ana-
lyse a circuit, it may be even be more
virtuous to be able to see that a detailed
analysis is unnecessary, or to invent a
better circuit whose behaviour is more
easily predicted.”

The aim in what follows will be to
present the minimum theoretical back-
ground which is thought to be
necessary for anyone undertaking to
design the feedback stabilization
aspects of an audio amplifier with
understanding and in a properly
optimized manner. Little more than the
j-notation* will be employed. However,
some readers will doubtless wish for a
rather broader background of theory,
since much published literature on

amplifier design uses the concepts of
complex frequency, poles and zeros etc.
At a fairly elementary level, the excel-
lent series of articles by “Cathode Ray”
(M. G. Scroggie) in this journal in 1962
may be recommended® % 7 * A more
advanced and complete treatment of
teedback theory and practice will be
found in a very good book “Amplifying
Devices and Low-Pass Amplifier De-
sign” by Cherry and Hooper®. Though
they do not hesitate to use determinants
etc. when thought to be appropriate, a
true engineering outlook is evident and
the book contains much very en-
lightened practical advice on design
aspects.

In a.c. coupled amplifiers, stability
problems arise at both low and high
frequencies. Only the high-frequency
problems will be considered here, i.e. all
circuits will be treated as d.c. coupled
amplifiers, but the principles discussed
are very easily adapted, in common-
sense ways, to the low-frequency situa-
tion when necessary.

Some simple notions about transfer
functions will first be considered, be-
cause understanding these helps one to
appreciate better how the whole
negative-feedback story fits together. A
transfer function for a feedback
amplifier, or any other circuit, is simply
an equation giving V,,, as a function of
V.- It is normally assumed that the
amplifier is free from non-linearity
distortion, but apart from this reserva-
tion, the transfer function contains all
the necessary information about the
frequency response, phase response,
transient response and stability margins
of the amplifier. The snag is that, except.
in quite simple cases, deriving and sim-
plitying the transfer function for a
feedback amplifier is exasperatingly
tedious, even for those with a natural
aptitude for such things, which I cer-
tainly do not have! The Nyquist dia-
gram, and Bode amplitude and phase
plots considered later, represent a
vastly more convenient and practicable
approach for most amplifier design
purposes.

However, it is always theoretically
possible simply to use the j-notation to
calculate the currents and voltages
everywhere in the amplifier circuit due
to V,, and V_,, and thus to form the

43
transfer-function equation. Purely as an
illustration of the ideas involved, con-
sider the simple and somewhat idealized
circuit of Fig. 5. Using the j-notation
gives the current in C, as jwV,,C,. The
current in R, in the direction shown is
Vour/ Ry. The current in R, is the sum of
these currents, enabling one to calcu-
late V’. Continuing on these lines leads
to the result:

Vie = ~ VoulRin/Ry[1 + juCRy + Ry/Ry
+ jwCR, (1 + juCyRy + Ry;/Ry) +
jwGR, + Ry/Ry + R//R,] 6)]

This as it stands is not much use, for one
cannot easily see the physical
significance of it. The vital thing when
deriving transfer functions is to con-
tinue until they have been got into a
nice tidy, recognisable form. By collec-
ting terms and rearranging, equation (3)

.can be got into the form:

1

V! Vip = K X—m—————— (4)
1 + juT, — *T)}?

K in this is given by:
RiR,

K = (5)
R (R, + R, + R, + R)

T, and T, are time constants, each given
by a somewhat cumbersome expression
with several terms in. One can,
moreover, very usefully go a stage
further than (4), and get it into the form:

1
= K X (6)
1 + (1/Q)juT — *T*

Vv,

out

/V,

tmn

Here T is obviously equal to T, of equa-
tion (4), and we also must have /)T
=T, givingQ = T/Ty, i.e.:

Q= T,/T, (7)

Now the phys’ | significance of (6) is
instantly app. nt if one knows how to
“read” it. Q is the Q of a tuned circuit
arranged as in Fig. 6(a), having a
resonance frequency given by w, = 1/T.

Sometimes transfer functions such as

Gain assumed intinite

R> V! R

Vout

Fig. 5. Circuit relating to discussion of transfer functions.
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(6) are given in the form:

1
Vout! Vin = KX———— — (8)
1 + (1/Q)pT + p'T*
Comparing (6) and (8) it is evident that
p = jw. Though it is perfectly all right, in
a sine-wave context, to regard p simply
as a convenient abbreviation for ju, its
full significance is much deeper, for it is
Heaviside’s operator and means d/dt.
Equations such as (8) are thus appli-
cable not only under sine-wave condi-
tions, but also for any other kind of
input waveform. Mathematical techni-
ques are available whereby, given the
amplifier transfer function, the output
waveform resulting from a voltage step
or other transient input may be calcu-

lated. But in view of the ease with which’

such responses may be obtained using
an oscilloscope, the actual need for such
mathematical techniques seldom if ever
arises in normal amplifier design work,

in my experience. Sometimes when the
transient response of an .experimental
amplifier circuit is under consideration,
it is convenient to make up a little
simulator circuit, in which all time-
constants have been increased by a
factor of, say, a thousand compared
with the real circuit. The idealized res-
ponse can thus be obtained, and the
relationship between this and the res-
ponse of the original circuit may shed
light on the significance of stray
capacitance or other overlooked effects
in the latter. The ready availability of
type 741 operational amplifiers makes it
very quick and easy to do such tests.
Heaviside's operational calculus
tends to be somewhat out of favour
nowadays, but a very strong case in its
favour is presented by two authors from
the BBC Research Department in
reference 10. It is argued that the tech-
nique gives a much better physical in-
sight into the nature of the problem

being investigated than do the altern-,
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ative mathematical techniques avail-
able.

For amplifier designers, the import-
ant things to appreciate about transter
functions may be summarized as fol-
lows:

(2) Any linear network or amplifier has
a transfer function.

(b) However complex the network or
amplifier may be, the denominator of
the transfer function — if you're clever
enough — can be got into the form of a
number of factors, which may be either
quadratic ones as in equation (8), or
simpler ones of the form (1 + pT).

(c) If any of the quadratic factors in the
denominator have negative Q, i.e.
negative damping, the system will be
unstable.

(d) The numerator can take various
forms according to whether the system
has a low-pass, band-pass or high-pass
type of response, and whether there are
notches in the frequency response or
not.

Circuit Transter tunction Frequency response Phase response Step response
o
Vi
Wo )
=0 time
) 10 const.
° T
—90 o
0Wo
°
+90
B8 Yo
10
Oﬂ
10Wo
Vo 1+pT o
R EVARRETY:
R Vi P12
C 2 Wo=15
Vi k= Ty=CR2 °n transitional lag
C T, =C{Ry+R2)
o—-+ ;
Wy==—
1 T
Vi—
\/o= 14+pT T
Vv 1+pT2
wo=at
T=CRy 257 o .
D RiR2 transitional lead
Top=Cx [¢)
R1+R2 | 3
-_R2 b Y
R1+R2
£ Vo_ 1 /20dB/dec —00 dav_li
I; »C at =~ ¢
= T
tox®
20dB/dec /
F b =pC i +90
Vi
[¢)
+Vi
R Vo _1-pT
Vi T i+pT
G tiat
C SERAVA T=CR
9 S
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M =Kx ;‘-—ﬂ
Vin 1+ (Q)pT+p<T

5
Q=2 <--—1-+6d8
Vi 98 0 %/\\ 308
= — N _ e} e -
" NN
= = Vout
Wo=2Mig=UT T T -0
v - ‘00, O1fg fo
4 Frequency
(@) (b
(e) Any required response characteristic ~ Fig. 6.(a) Circuit giving same response References

whatever can be obtained from a com-
bination of suitably-designed feedback
amplifiers, without the need for any
inductors, this being the basis of the
whole subject of active filters."!

Though it is seldom sensible to try to
derive the overall transfer function of a
complete feedback amplifier, except in
the relatively simple cases which
usually apply in active-filter design, it is
quite important to be able to derive the
transfer functions of parts of the circuit
of a feedback amplifier, for this is really
the basis of most practical design work
on such amplifiers. The table gives some
simple networks familiar to most
readers, together with their transfer
functions and frequency, phase and
step-input responses. The relevance of
the all-pass case G will become evident
later. Though the transfer functions
may be worked out using the j-notation,
and p substituted for jw at the end, it is
really more convenient to work with p
trom the beginning. Thus the imped-
ance of a capacitor is 1/pC and the
impedance of an inductor is pL. Sup-
pose, for example, we have R and C in
parallel. The total impedance is given by

- - _RX(1/pQC)
R+(1/pC)

Multiplying top and bottom by pC gives

R
2= T¥pCR ©)
This is therefore the ratio V,,,/1,, for the
network, and as would be expected it
has the same form of transfer function
as network A in the table.

A simple illustration of the practical
utility of thinking of transfer functions
in terms of p rather than jw arises if one
considers the problem of determining
the output waveform to be expected
from network B in the table when the
input waveform is a linear voltage
sweep, or ramp. One simply ‘“‘operates
upon” the input waveform with bits of
the transfer function in turn, chosen in
the order that makes things easiest.
Thus the ramp waveform multiplied by
pT, i.e. differentiated, gives a step
waveform. The step multiplied by
1/(1+pT) gives an exponential output
waveform as shown at the top right-

as Fig. 5; (b) and (c) show the frequency
response and the step response
respectively for two values of Q.
Q=1/+/2 gives second order
Butterworth response.

hand corner of the table. A particularly
lucid and easy-to-understand paper
dealing with topics such as this was
written just after the war by Professor
F. C. williams'?. Though the practical
circuits are, of course, all valve ones, the
lengthy discussion of the overall design
philosophy is highly relevant to
present-day problems. The aim was to
evolve reliable circuits of precision per-
formance, suitable for trouble-free pro-
duction, using the minimum of mathe-
matics. Acknowledgement is made to A.
D. Blumlein for having provided much
of the early inspiration for this work.
Some of these pulse circuit ideas are of
greater interest to audio engineers than
in the past, even in the non-digital field,
because of the increased attention now
being given to transient response and
impulse measuring techniques.

In planning the feedback stabilization
details for most audio amplifiers, the
normal practice is to think in terms of
the rate at which the loop gain is atte-
nuated with rising frequency, bearing in
mind all along that the transient be-
haviour is closely related to this. The
relevant techniques will be discussed in
the next article.

Corrections to January 1978 article

InFig. 1, aresistor should be inserted in series
with Tr, emitter. The arrow in Tr,
collector lead should be labetied “I4..”" In
equgtion (6), the denominator should be
“2%Vy,". The equation just below equation (6)
is completely wrong and should be:

dew.rate it
Slew-rate limit _ ¢ &

In Fig. 3(a), the top waveform was inadver-
tently cut off at the bottom and should be a
complete sinewave. Apologies for the bad
reproduction of these waveforms. In the
fourth line of the footnote on page 55, the
word ‘‘is’” should be inserted before
“approximately”. On page 56, first column, 14
lines from the bottom, the word “amplifier”
should be inserted between “the” and “slew-
rate”.
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Wireless World, Feb.

Advertisement correction

We have been asked by E & L Instruments
U.K. to inform readers that there is an error
in their current series of advertisements in
Wireless World. This is an omission of the
fact that Quarndon Electronics, Slack Lane,
Derby, are also making the £12.50 special
offer for the SK10, cash with order. Quarndon
are also implementing, on behalf of E & L
Instruments, the lifetime guarantee on the
SK10 sockets.
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1.E.A. 78

The Instruments, Electronics and Automation Exhibition

List of Exhibitors

AB Engineering Co.
AGA Infrared Systems
AHB Heim-Electric
Adcola Products
Agmet Instrumentation
Albrecht, W. KG

Alma Components
Amelec Instruments
Anadex Instruments Inc.
Analytical Devl. Co.
Anderman and Ryder
Anders Electronics
Anglo Weld Equipment
ARI Industries Inc.
Ashford Controls
ASPO OY

Augat

Automatic Systems Laboratories
Avdel

Avery, W&T

Avtech Electrosystems

B & K Laboratories

B & R Relays

Bafco Inc.

Bahco Tools
Ball-O-Meter

Barry Instruments Corp.
Barry Belting Industries
Batley Valve Co.

Bauch, F. W. O.

Belix Co.

Bell & Howell

Berger Lahr UK
Blakeborough, J. & Sons
Bopla GmbH

Bourns (Trimpot)

Bristol Automation

BPL (Instruments)

British Sonceboz Co.
British Standards Institution
Bryan’s Southern Instruments
Budenberg Gauge Co.
Burgess Micro Switch Co.
Burr-Brown International
Butler, Howerd

CDC Elettromeccanica

CIL Electronics

C.S. 1. BV

CSM (Engineering)

Calex Electronics

Cambion Electronic Products
Carter Parratt Group

Cassenelli S.R.L.

Celdis

Cetronic

Charles Austen Pumps
Chemical and Thermal Controls
Chessell

Circuit Automation
Clarke-Hess Comms. Research
Corp.

Collison, H.F. — Goodwell
Conard Controls

Contraves

The Instruments, Electronics and Automation
Exhibition is again to be held at the National
Exhibition Centre in Birmingham alongside its
sister exhibition Electrex. The event, |.E.A. 78,
will run from 13th to 17th March and will be
open daily from 9.30 a.m. to 6 p.m. Price at the

dooris £1.

Control and Readout

Control Systems Research Inc.
Control Technology

Controls and Automation
Copes Regulators

Cosmocord

Coutant Electronics

Creative Instrumentation
Critchley Brothers
Cumbernauld Transformers

Data Precision Corp. USA
Daturr

Datwyler AG

Delta Controls

Digital Equipment Corp.
Digitran Endevco

Doric Scientific

Dresser Europe SA
Druck

Duncan Electronics
Dunegan Endevco

Du Pont (UK)

E & D Graphics

Eberle and Co. GmbH
Elcomatic

Electrical Contacts
Electronic Instruments
Elgenco Inc.

Elmside Group of Companies
Emerson and Cuming
Endevco

Endress and Hauser

EITB
Environmental Equipments

Eurotherm
Evans, Frederick W.

F.S.G. (UK) Fensteuergerite
Fabbrica Italiana Rele
Farnell Instruments

Feme SpA

Ferranti

Fithol S. J.

Fine Tubes

Flow Technology Inc.
Foreign Trade Co. Metronex
Foss Fasteners

Foster Cambridge

Fotherby Willis Electronics
Fothergill and Harvey
Frequency Devices Inc.

Gauges — Bourdon (GB)
General Eastern Corp.
Glenair International
Gould Advance

Grasslin (UK)

Green Electronic and Comms.

Guildline Instruments

Haefely Emile & Co.
Hamlin Electronics Europe
Helper Instruments Co.
Hemgstler GB
Hewlett-Packard

One of the products which will be on display at the Farnell
stand. This signal generator, type SSG520, is synthesized and
provides outputs from 10 to 520MHz. It has a resolution of
100Hz at maximum stability and a leakage of less than 0.2pV.
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Hinchley Engineering Co.
Hitachi

Hoke International
Holledge (Instruments)
Hollingsworth Terminals
Howden, R. D. P.

Hunter Equipment Sales
Hutson Industries Inc.

I.E.C. Electronique

IPC Electrical-Electronic Press
Icel SA

Imhof-Bedco

IMO Precision Controls
Inovan-Stroebe KG
Instagraphic Products

Instem

Institut, Reinhard Straumann
Insulation Systems Inc.

Introl

Iskra

Ivo Counters

KDG Instruments
Kappa Networks Inc.
Kaye-Dee

Keithley Instruments
Kenmeleon

Kent, George

Kent Automation Systems
Kent Instruments
Kent Meters

Kerry Ultrasonics
Klippon Electricals
Kovo

Krohnhite Corp.

L. A. Components

L. G. International

LNR Communications Inc.
L. T.H. Electronics

Landis & Gyr

Letromec Controls

Lee Engineering

Leeds and Northrup

Lemo (UK)

Lenco Italiana SpA

Licon Electronics

Light Soldering Developments
Litre Meter

Littelfuse (GB)

Littex

Loba

Lyons, Claude

Lyons Instruments

Machine Components Corp.
Mapco Inc.

Marden Electronic Systems
Markovits I.

Marvid European Electronics
McMurdo Instruments Co.
Measurement Technology
Medelec

Mentor GmbH

continued on page 87
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Logic design — 11

Design with m.s.i. — multiplexers and demultiplexers

by B. Holdsworth” and D. Zissost

“Chelsea College, University of London 1Dept. of Computing Science, University of Calgary, Canada

The introduction of m.s.i. circuits 1s
tending to result in the replacement of
the old methods of logic design.
Traditionally, the design engineer has
developed a logic function as the solution
to a particular problem. This function has
then been minimized using the methods
described earlier in this series and has
been implemented using s.s.i. Circuits.
However when implementing logic
tunctions with m.s.i. circuits such as the
multiplexer, the Boolean function is used
in its canonical form (i.e. each term in the
Boolean function contains all the
variables in the true or complemented
torm), and is implemented directly
without minimization.

THE CcosT of a digital system is
approximately proportional to the
number of i.cs in the system, hence, to
reduce the cost, the number of packages
used should be minimized. The logic
designer should therefore be looking for
the replacement of a large number of
s.s.i. circuits by one or more m.s.i.
packages. It is frequently better to use a
standard m.s.i. package even if this
introduces redundant or unused gates
rather than to design with s.s.i. circuits.

Data selector or multiplexer

The multiplexer selects one out of n
lines where n is usually 4, 8 or 16. A
block diagram of a data selector having
4 input lines, D,, D, D, and D, and 2
output lines f and f is shown in Fig. 1(a).
The device also has 2 control lines X and
Y and may have an “‘enable” line E. The
selector may be regarded as a single-
pole switch which selects 1 out of 4 lines
as shown in Fig. 1(b). The implementa-
tion of the multiplexer using gates is
shown in Fig. 1(c).

In essence the circuit is an AND-OR-

INVERT gate having complementary
outputs. The Boolean function which
represents the output of this circuit is:
f=XYD,+XYD, +X¥D,+XYD,.
Data lines can be selected by applving
the appropriate binary coded signal to
the control lines X and Y: when the
control signal XY =1 the output of the
circuit is D,, and so on. Some multi-
plexers are provided with an input en-
ableline as shown in Fig. 1(c). When the
input to this line is logical 0 the four
AND gates are enabled.

lThe number of data lines to be
selected can be increased either by

choosing a multiplexer with a larger
number of data lines or alternatively by
combining multiplexers. A combination
of two data-selectors, which allows the
selection of 1 out of 8 lines, is shown in
Fig. 2, the enable signal in this case

being used as an additional control
signal. The data lines are sequentially
selected with the aid of a binary
counter, the control signals X and Y
being clocked through the sequence 00,
01, 10 and 11, thus accessing the data

S
0> —_— f
D>
Dy ——> -~
——f
I I (a)

Dy—0
Dy
(b)

D4 (
D> 7
( f
Os
Dq '
Fig. 1. Symbols for 4-input
multiplexer (a) and its
mechanical equivalent (b).
/_rx v Circuit at (c) is multiplexer
:,_J using AND, NOR and inverter
£ X v gates.
= j'>0
Dsa———>( Ea Dig—» FB
Dop—> Ma fa Dog——> Mg fatfa
D1A-_> D1B_)
Doa———» Dog——>»
1 ] T I
Clock Binary
Counter

Fig. 2. Multiplexers can be combined to provide more inputs.
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lines in the order Dy, D;, —D;. A truth
table for the circuit is shown in Table 1.
This principle can be extended to allow
the selection of a larger number of data
lines. For example, the selection of 1 out
of 64 lines can be achieved using nine
8-input multiplexers, as shown in Fig. 3,
arranged in two levels of multiplexing.
An alternative way of looking at the
multiplexer is to regard it as a device
which converts parallel information
into serial information. For example, in
the arrangement shown in Fig. 2(a), the
two multiplexers M, and My can be
presented with an 8-bit word on the 8
input lines in paraliel form, and this can
be taken off in serial form by using the
sequential accessing technique.

Multiplexer as logic function
generator
The equation for a multiplexer having
four input lines is: _

f=ABD, + ABD, + ABD, + ABD,,
where the Boolean variables A and B are

used as the signals for the control lines

"X and Y. Hence A and B can be factored
out of any function of n variables, and
the residue functions of n 2 variables
can then be applied to the data lines. For
example if n=3, four signals of one
variable can be applied to each of the
data lines. Assuming that the third
variable is C the possible signals that
can be applied to these lines are C, C, 0
and 1. In ali there are 4*=256 possible
combinations of four input signals
which can be applied to the 4-input
lines; a multiplexer with 4 input lines
can generate any of the 256 possible
Boolean functions of 3 variables.

For the 4-input multiplexer there are
three possible choices for the control
variables — AB, AC and BC. These
various combinations of the control
variables can be associated with in-
dividual data lines as indicated in Fig. 4.
For example, with control variables A
and B, the input line D, is associated
with those cells marked A=0 and B=0,
that is the two top left-hand cells on the
K-map of Fig. 4(a). In effect, the K-map
for 3-variables has now been split into
four 2-cell, 1-variable K-maps, each of
these 2-cell maps being associated with
adata line.

WIRELESS WORLD, MARCH 1978

D
AABCD ABC
Q0 01 1110

oo|(C | Do 00

01 ] D) 01
EE 0> 11
10 02 10

(a)

Fig.

diagram at (c) is the implementation

T —>
o0 O1 1t 10 D —>
D)
GOl C—>
GlD S
® ®

(b)

DEF Table 1
lll E A B E, Eg
Do > o 0 0o 0 1
pU— 0O 0 1 0 10 Mg
Bz———-h 0 1 0 0 1 inhibited
e — Y 0O 1 1 0 1
Ds : 1 0 0 1 O
De 1 0 1 1 0o(m,
D7 —> 1 1 0 1 0 ( inhibited
DEF 1 1 1 1 0
D
Ds
D10
Bﬁ M,
12 !
D X ABC
Dia [}
Dis '
]
I -»Do
g_.’B‘l
2
10t64
3 g [12105
DEF Dg inputs
Dg
i—-PD7
D sg———> ] |
57—
e A— !
Dss— M, J
60—
Dgy — ) o .
Dgp ——> Fig. 3. Combination of multiplexers to
De3——» select 1 from 64 inputs.
BC BC BC
ANJoo 01110 ANJoo 01 1110 ANo0 01 1110
() | CH D olpo) | Chr ) | &d. oLEE)
1D | Co 02| (D | @ lvileilelle
(a) (b) (c)
Fig. 4. Association of data lines with control signals for 4-input multiplexer.
Control variables are A and B in (a), A and C in (b) and B and C in (c).
BC C
A0 01 1110 po-c
0 @ 13 D11 Q f
1 @ D2=0 L b4
D3=C C
(@) (b) T T
A B
Fig. 5. Generation of f= ABC + ABC + ABC+ ABC using a 4-input multiplexer.

6. Generation of f = 0,1,5,6,7,9,10,14,15. Association of data lines with
variable A and B is seen at (a) and the Karnaugh map is at (b). The

1]

C
CD+CD
t
: C+D
(S|

(c)
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Example 1. Implement the 3-variable
function

f=ABC+ABC+ABC+ ABC
using a 4-input multiplexer.

Plot the function on a K-map as
shown in Fig. 5(a) and make an arbi-
trary choice of control variables, say A
and B. Next simplify the four 1-variable
tunctions associated with each data
line. For example, the two cells
associated with D, are both marked
with a 1, hence the input to data line D,
is C+C=1. The remaining inputs are
determined in the same manner and the
implementation of the function is
shown in Fig. 5(b).

Example 2 Implement the 4-variable
function

f=20,1,5,6,7,9,10,14,15
using a 4-input multiplexer.

The function has been represented as
the sum of a number of canonical terms,
each term being represented as a de-
cimal number. For example the term
ABCD, represented in binary, is 0110=6
in decimal. )

Since a 4-input multiplexer is to be
used, the application of two variables to
its control lines will leave residue func-
tions of two variables to be applied to
the data lines. There are six possible
ways of choosing the control variables
~ AB, AC, AD, BC, BD, and CD. These
various combinations of control vari-
ables can be associated with the data
lines as indicated previously in Fig. 4. It
will be assumed in this example that A
and B are chosen as the control vari-
ables and the K-map associating these
control variables with the data lines is
shown in Fig. 6(a). The 4-variable K-
map has now been divided into four
4-cell, 2-variable maps and simplifica-
tion can only take place within the
confines of the 2-variable maps.

The K-map plot of the function is
shown in Fig. 6(b) and the data line

49

Table 2. Determination of the inputs to

inputs obtained from the four rows of
‘the 1st level multiplexer.

this map are: _ L
D,=C address AB _
D,=C+ D address AB

D,=CD+CD address AB ~ _____ LDE_ DE DE DE
D;=C address AB f=ABCDE ABC ___
. . . q . +ABCDE ABC
The implementation of the function is +ABCDE B C
shown in Fig. 6(c). +ABCDE ABC
It should be pointed out that it is +ABCDE ABC
useful to examine the various possible +ABCDE ABC
choices of control variables to ascertain +ABCDE  ABC
whether there is a simpler solution. In +ABCDE ABC
this case it is left to the reader to show +ABCDE _ ABC
that a simpler solution is obtained if C +ABCDE  ABC
and D are chosen as control variables. +ABCDE ABC 5
As the number of variables associated ::gggg ALais e
with the Boolean function to be imple- £ ABCDE ABE
mented increases, it becomes necessary +ABCDE ABC
to use more than one level of multi-
plexing and this technique is illustrated
in the next example,
BC A —>
o0 1 11 10 — o
A—>  |ABT+ABC+ABC+ABC
ol® ® M4
@ A —>
1 i
bk
BC A—» —
20 ©J 1] 1o A KBC+AI§C+£E
0 O) A—s P My
L @ ® o

TB c 1 a

BC f
00 O1 11 10 A "
ol® 0 A ?  |ABC+ABC+ABC+ABC
1 010 A
a
fa) B C (b)

Fig. 7. Five-variable multiplexer circuit to produce the function of example 3.

a 4-10 decoder at (b).

OONDD DWN=O

Fig. 8. Symbol for 4-16 demultiplexer is
shown at (a), with the logic diagram of

(a)

ABCD

(b)
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Example 3. implement the 5-variable

function
f=20,13,89,11,12,13,14,20,21 ,22.23,26,31

For the first leQ/el of multiplexing the
control variables D and E have been
arbitrarily chosen. The function is now
listed at the left-hand side of Table 2,
which contains four columns headed
DE, DE, DE and DE respectively. In the
column headed DE are listed all those
terms of three variables A, B, and C
example, in the case of the term ABCDE
the entry in the DE column will be ABC.
This procedure is repeated for each term
in the 5-variable function and an entry
is made in the appropriate column in
each case.

The input functions for the first level
multiplexer are now seen to be:

D,, = ABC + ABC + ABC + ABC

D, =ABC+ABC +ABC +ABC

D, = ABC+ABC+ABC

D, =ABT+ABT+ABC+ABC
These three variable functions can be
generated with 4-input multiplexers, as
described in example 1, at the second
level of multiplexing. However it should
be noticed that D,, = D,, and this func-
tion need only be generated once, hence
only three second level multiplexers are
required.

For the second level of multiplexing B
and C have been chosen as the control
variables. The K-maps for determining
the inputs to the data lines for the
second level multiplexers are shown in
Fig. 7(a) and from these maps the
various input signals are found to be:

Duz=7\ Dy;=0 Dy =A

D,,=A Djy=A D=4

Dp- A Dy=A Dy=A

D;¢2=A D33=§ Dy,=A
The implementation of the function is
shown in Fig. 7(b).

Decoders or Demultiplexers

A decoder or demultiplexer performs
the opposite function to that of a multi-
plexer. A block diagram of the device is
shown in Fig. 8(a). A single data input
line can be connected to one of many
output lines by the appropriate choice
of signal on the control lines. With 4
control lines A, B, C, and D there are
sixteen possible addresses and hence
the maximum number of output lines
that can be selected is sixteen.

A commonly used decoder has 4 input
lines and 10 output lines. The logic
diagram for this device is shown in Fig.
&b).IfA=0,B=0,C=0andD= 0, the
output line marked 0 will be at logical 0
whilst all the other outputs will be at
logical 1.

The device illustrated in Fig. 8(b) can
be used as a decoder, but in a4-to-16 line
demultiplexer there are additionally en-
able and data lines as shown in Fig. 8(a).
These are connected to the sixteen out-
put gates via the circuit shown in Fig. 9
which is in effect a NOR gate. This input
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decoder| . _5.Fg

Fig. 9. Input data and enable arrangements.
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Fig 10. Natural binary-coded decimal to Lorenz converter.

arrangement allows of two modes of
operation. In the first mode, if E = O &
D,=0, K=1, thus enabling all output
gates. For any other values of E & D,,
K =0, thus disabling all output gates.

In this mode the 4-to-16 line demulti-
plexer will act as a decoder allowing, for
example, a b.c.d. input on lines A. B. C
and D to be converted to a decimal
output. Alternatively the circuit can be
operated as a generator of the sixteen
canonical terms of four Boolean vari-
ables. If Py= ABCD is the input to the
control lines then the output on line 3 =
P3o
In the second mode E=0, D, =0,
hence K=1. Control signal P,=ABCD.
The output on line2=0=D,.

E=0, D,=1, hence K=0. Control
signal P,=ABCD. The output on line
2=1=D,.

In this mode the data on the data line
is transferred to the output gate
selected by the address applied to the
control lines, in this case ABCD.
Example 4 Using a 4-to-10 line decoder
develop a circuit for converting n.b.c.d.
to the Lorenz code.

The two codes are tabulated
alongside each other in Table 3.

NBCD Lorenz

A B C D P Q@ R S T
Po 0O 0O 0 0 v 0 0 1 1
P, 0 O 0 1 1 0 1 0 1
P, O o 1 0 1 1 0o 0 1
p, 0 0 1 1 O o 1 1 1
P, 0 1 O 0 0 1 0 1 1
P, O 1 o 1 0 1 1 0 1
Pe O 1 1 0 0 1 1 1 0
P, 0 1 1 1 1 0 1 1 0
P, 1 0 0 0 1 1 0 10
PP1 0 0O 1t 1 1 1 00

www americanradiohistorv com

From the tabulation:
P=P,+P, +P,+ P, +P,+ P,
Q=P,+P,+Ps+Pg+ P+ Py
R=P,+P;+P;+P;+ P, + P,
S=Py+P;+ P+ P+ P; + Py
T+ P+ P +P,+P3+ P+ Py

Now P=P;+ P,+ P+ Pg

Hence P=P;+P,+ P54+ P
and P=P, P, P; B

Similarly

.

S 1
ol
v
4
e,
E
o
N=3

The implementation of the code con-
verter is shown in Fig. 10.

The technique used in this example is
useful where there are many functions
of the same number of variables to,be
implemented. In comparison the multi-
plexer requires less additional gating,
but one multiplexer at least is required
to implement each function.

The second part of this article will
deal with the applications of read-only
memories.
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At the end of the test session
the communications engineer sang
the praises of our filters.

“What performance” he said, referring to the
capabilitv of the Barr & Stroud EF3 Filter System in
satisfying his signal conditioning needs. He and other
engincers in many fields arc equally complimentary about
our supporting range of Active Filter Modules and our
Custom-Built Filter Service.

We have fully descriptive literature which will
generate similar enthusiasm in yourself. Use the
journal reply system or call us, Barr & Stroud Limited,

1 Pall Mall East, London SW1Y 5AU (Dept. WW 1).
4 T'clephone o1-930 1541. Telex 261877.

EF3 Variable Filter System
Designed on a modular basis to give tlexibility in
usc and to match your budget. A plug-in system
developed for use in labs., test departments,
anywhere where signal conditioning is required.
Filter units can be used separately or combined
to give a wide variety of functions from low-pass to
band-separate.
“The current pass-band capacity is from d.c.
to 10 MHz.
Active Filter Modules
The ready-to-use convenience of small
cncapsulated filter units, each with a basic
function.

No filter knowledge required to set up
for specific characteristic or cut-off
frequency. These filters are equally suited
to the onc-ott lab. application and the

large quantity production requirement.
Available in low-pass, high-pass, universal
and notch designs with a range of cut-off
frequencies and attenuation rates.
Custom-Built Filters
The basis of our tilter activity, this service has
for 20 years provided solutions to customers
specific requirements. Based on in-housc
e computer facilities and an extensive
programme library we can design and
manufacture the filters not provided in
our standard range.
Designs can be passive or active
with cut-off rates up to several hundred
dB per octave in a frequency range up
to around 70 MHz.

e

Barr & Stroud

Add us to your resources

ELECTRONIC FILTERS.OPTICAIL. FILTERS. FIBRE OPTICS,
LASERS. SCIENTIFIC AND MEDICAL INSTRUMENTATION.
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DIGITAL ELECTRONICS
LACKS SOUND THEORY

THE digital electronics industry has sprung
up so quickly in the past ten years that the
theoretical foundation required has not de-
veloped at all. It is impossible to cross the line
separating the analogue and digital worlds.
The sine wave is a periodic, time varying,
steady state phenomenon, whereas a digital
signal is a fixed amplitude step (shock wave).
Each change of state is a single event in time
and cannot be correlated with any other
change. A dubious connection, via Fourier
analysis, is merely a mathematical arpeg-
gio, guaranteed to be worth a few exam
questions at least. A leading edge of astepisa
shock wave, it is a transverse electromag-
netic wavefront which travels at the speed of
light. Of course, it is possible to take this
single step and analyse it using Fourier
analysis, but this would mean combining an
infinite number of sine waves which exist
from minus infinity to plus infinity. This can
be easily seen to be quite absurd and of no
practical use.

The hard and fast rules laid down for
periodic sine waves must be cast aside and
new rules developed for the shock wave. An
obvious area to concentrate on is signal
distribution. We must have a basic under-
standing of the mechanism by which a block
or pulse of energy is transmitted in space.
This leads us into electromagnetic field
theory and it is here that the student will
learn and ultimately understand the subject
of digital electronics.

Unfortunately, nearly all the books written
on e.m. field theory are concerned with
steady state sine waves. There is no basic
theory written today which concentrates on
high speed digital techniques. How 1ns steps
propagate is known to only a few people. Yet
with the advent of emitter coupled logic and
Schottky t.t.l. this electrical phenomenon is
becoming widespread. Engineers today
attempt to put together fast, complex logic
systems which stand the risk of failure. The
paper design might well be satisfactory but
the problems that arise during testing and
commissioning seem endless. The unfortun-
ate engineer just cannot understand the
“gremlins” that keep upsetting his system.
Nowhere is he taught the important fun-
damental principles necessary for competent
digital system development.

To have a complete understanding of high
speed systems one must apply certain tech-
niques which are not taught in any
educational establishment in the country.
nor written about in any text book. One must
g0 back to the turn of the century to find any
suitable material. Then the main subject was
telegraph signalling, which is analogous to
digital transmission today. A 10-millisecond
risetime step travelling 1,000 kilometres
(telegraphy) is based upon the same
theoretical principles as a 1-nanosecond step
travelling 10 centimetres (computers).

Around 1890-1910 Oliver Heaviside and his
contemporaries Lodge, S. P. Thompson,
Hertz and Maxwell had developed many
theories which should be used today. By
thinking of digital signals as small, discrete
packets of “energy current’ flowing at the
speed of light between the wires (which
merely act as a guide) many of the present-
day design implementation problems could
be solved. The advent of the telephone and
wireless led to the predominance of sinu-
soidal time varying signals, so the concept of
“energy current” was lost as new theories

were developed to cope only with the
periodic waveform. We have now turned a
full circle and must look backwards before
we can advance.

The practical problems of digital systems,
such as cross talk (noise), power supply
decoupling, signal termination and drive
techniques, component pulse response, ear-
thing, and mains borne interference, need to
be studied. General models and original
concepts based upon Heaviside's "‘energy
current” idea can be used to tackle these

problems, making it possible to design com-,

plex digital systems in an orderly, scientific
fashion. Every practising engineer in digital
electronics must stop attempting to use
analogue ideas for digital systems: they will
not work. Pattern sensitivity, noise, power
supply problems are all raising their ugly
heads, and all quite unnecessarily. By fol-
lowing clearly defined design rules, systems
can be built which will work reliably and first
time, without the usual 3-6 month com-
missioning troubles.

The design concepts that are used are not
difficult. Although soundly based in theory,
they do not involve exotic mathematics and
are aimed specifically at practical problems
of hardware development. They are tools of
the trade to be used by ail engineers and
technicians.

Malcolm F. Davidson
CAM Consultants
South Mimms

Herts

ECONOMICAL TIME-
MARK GENERATOR

| AM surprised that Mr Winder has
apparently experienced trigger reliability
problems with the oscillator circuit of the
Time-Mark Generator (January letters), and
also at his preoccupation with improvement
of the rising edge of the output waveform.
Perhaps it was a case of ‘“"missing the
obvious”, but the 7490 is triggered from the
fulling edge of the waveform, and the fall-
time of my own circuit is better than 10ns,
well inside the manufacturer's recommended
SUns maximum.

His advocation of a 10MHz frequency
standard to enhance the capability of the
generator is, of course, a sensible idea, but
only echoes the same suggestion made in the
article.

Mr Winder's suggested method of setting
up the oscillator frequency to a high degree
of accuracy is unnecessary. Even manufac-
turers of top-flight oscilloscopes rarely claim

better than + 3% accuracy for their timebase
ranges. There seems little point in going to
the trouble of achieving better than about
*0.3% accuracy in the generator — amoun-
ting to a permissible error of *3kHz in
IMHz! I very much doubt that a 1MHz
crystal could be pulled off frequen cv by that
amount by even the most strenuous efforts.

As to the question of how Fig. 3 of the
article was achieved, the answer is quite
simple. The “alternate” sweep mode of the
dual-trace oscilloscope is chosen so the two
frequencies are displayed separately in
alternate sweeps, and the triggering is de-
rived from each frequency alternately. In this
way, two stable traces are obtainable and the
measurement may be made with little diffi-
culty.

A small drawing error did creep into the
article, however, for which I must apologise.
In the one-shot circuit, R, is shown con-
nected to pin 15, which does not, of course,
exist. Pin 9 is the correct connection, and |
am grateful to Mr Stewart Danks of Glasgow
for pointing out the error.

S. Roberts
Sheffield

THE ULTIMATE FIDELITY
TEST?

AS A humble amateur [ would like to raise
my voice for once in the discussion about the
audibility of imperfections in sound
reproducing equipment (November issue,
p.63).

It struck me that the instrument for the
ultimate measurement usually is a
testperson’s very subtle feeling of difference
between two not simultaneously generated
sounds. There are some “shrieking” sounds,
such as the scraping of a piece of chalk on a
blackboard at a certain angle, or the scraping
of a knife-blade on a metal surface at a
certain angle, that cause strong physical
reactions, such as shivering or goose pimples,
in people who are susceptible to this (one out
of every ten, I would say).

Using this type of sound as programme
material in a recording and reproducing
system, its performance could be judged by
its ability to cause shivering and goose
pimples among a selected, susceptible group
of testpersons. In this way the human
psyche, including possible bias, is bypassed,
as the final determining reaction comes from
the nervous system, rather than from the
‘conscious mind.

Although it’s just an idea, and  am not in a
position to work on it, I doubt whether there
is much equipment that could pass such a
fidelity test. '

Hein E. Riegstru
Amsterdum
Netherlands

AUDIO MIXER DESIGN

A MINOR disadvantage of transistors
compared with valves is that the output is
not completely isolated from the input, even
when an emitter follower is used. Thus if the
output from, say, three emitter followers is to
be mixed for further amplification, rather
lossy T-networks must be interposed, with
consequent worsening of signal-noise ratio.
This drawback can be avoided if optoelec-
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tronic isolators are used, one for each audio
input, or if desired an emitter follower for
each audio input can terminate in an le.d,
the illumination from which is picked up on a
phototransistor for subsequent amplifica-
tion. It would be possible to control levels
and possibly also tone of the three signals
mixed, by interposing optical filters between
the le.ds and the phototransistor, which
could well be cheaper and more compact
than potentiometers. The method could be
applied to the mixing of signals from
microphones or to the mixing of various
pitches and tones in electronic organs, and
would obviate risk of intermodulation at the
mixer stage.

K. J. Young

Derby

———
——

INTEGRATED CIRCUITS
TOO SMALL?

THE article “Wiring by touch” in the January
issue shows a level of determination which
should be an example to all of us who have
full sight. F or myself as I have grown older 1
have noted that components have shrunk in
physical size to an alarming degree so that
now, even with the benefit of glasses, and a
midget iron, I find it quite hard enough to
make the proper connections.

I am inclined to think that many experi-
menters would agree with me in thinking
that integrated circuits are just too small for
comfort and there is really no need in amat-
eur construction for quite this degree of
miniaturisation. I realise that commercially
this is necessary, but there is a solution.
There exists a standard circuit board for
0.15in pin spacing, so that if some enter-
prising small manufacturer could be persu-
aded to produce a socket accepting the
standard 16-pin i.c. but with its own connec-
tion pins spaced at 0.15in this would, I feel,
meet a very real need — and [ am not at all
sure that some of the development boys
would not use this slightly larger scale for
initial testing. 1 suggest a 16-pin socket as the
other i.cs with 14 or fewer pins could still fit
into the same socket.

I hope someone will take up this idea as 1
feel that Mr Jones, who wrote the fascinating
January article and many others with limited
sight, as well as thousands of other experi-
menters with normal human sized fingers,
would find such a socket adaptor to be a
boon.

B. R. Smith, GINNM
Herne Bay
Kent

PHASE-FILTERING WITH
TIME-REVERSAL

ONLY a subset of filtering operations that
can be formulated are physically realisable
(see reference 1). Further, only the subset of
these known as minimum-phase filterings
possess a true physically realisable inverse. If
Y(w) denotes the complex amplitude of a
physically realisable filtering as a function of
angular frequency w, then YY™' = exp (juwr),
with 7 = 0 and Y 'realisable if Y represents a
minimum-phase filtering. Otherwise a
realisable approximation Y’(w,7) to the

inverse of Y can be found only in the sense
that YY’ = exp (jwr) for non-zero time-delay
7. The tendency of phase-shift to 90° when
the slope of the amplitude-response is
6dB/octave over a sufficiently large
frequency interval, and what is usually called
the phase-integral theorem’, both belong to
the domain of minimum-phase filterings.

Hansen & Madsen? have described an
application to the investigation of aural
phase detection of the method of Beau-
champ? for cancelling the phasal part of a
filtering operation. Essentially the method
consists in recording with filtering Y(w) and
replaying the recording backwards through
an identical filter Y. The time reversal of the
recording has the effect of making the first
filtering equivalent in real-time to Y(—u«) =
Y*(w), where the asterisk denotes complex
conjugation. The combined effect of the two
filtering operations acting in cascade
therefore becomes Y*Y = | Y|*with respect
to the time-argument of the recorded signal.
For eventual use, the backwards signal
resulting from this process may of course be
re-recorded and replayed with a further
compensating time-reversal.

The purpose of this letter is to make two
inferences of significant generality from the
Beauchamp method. The first of these, which
is the more philosophical, concerns the lapse
of time between the original recording of the
signal and the time at which the processed
signal becomes available. Evidently the
minimum possible interval is twice the
duration of the recorded signal, and in
practice will often be much greater. This
interval is so long compared with the
transient response-time of any likely filter as
to effectively circumvent the restrictions of
physical realisability. In this sense the
Beauchamp method is just a way of ensuring
that the delay 7 is adequately large. In
addition, of course, it provides a convenient
technique for exploiting the freedom thus
conferred. As we have seen, a phaseless
amplitude filtering |Y|*results from including
a filter Y in both the initial and the
time-reversed steps, while any desired
phase-filtering can be approximated by
all-pass filtering in either or both of these
steps. In practice of course the amplitude and
all-pass filters would be concatenated and
condensed together, so that in general the
filtering would be different in the two steps.

The second general inference is more
practical. Phase-shift (other than pure
time-delay) between input and output of a
signal-processing system is usually undesir-
able, and indeed is often called phase-distor-
tion. Sometimes it may be useful however,
and more frequently there is advantage in
phase shift at intermediate stages that is
afterwards compensated in whole or in part.
For example relative phase shifts, usually of
90° and as accurately frequency-independent
as possible in the working band, are
employed in single-sideband modulators and
processors, and in directional encoding of
surround-sound on two or more channels’

Another application concerns overload
limits of signal-handling equipment, and
especially recording devices. In general there
are overload points dependent on the
signal-amplitude and on its time-derivatives
and time-integrals of various orders. In
power amplifiers, limitations on amplitude
and its rate-of-change (slew rate) are of
practical importance. In disc recording,
groove spacing, the maximum slope that can
be tracked, and the stylus radius set
respective limits on the amplitude, slew-rate
and acceleration of the signal that can be

recorded satisfactorily. It is customary to use
amplitude-filtering, adapted to the expected
power spectrum of the signal, to mitigate the
effect of these overload points; similar
considerations apply, mutatis mutandis to
other methods of recording, e.g. magnetic
tape. Equally, knowledge of the phase
character of the expected signal (e.g. that
peaks are percussive) can be used to
introduce phase-filtering which delays the
onset of overloads of any order; “chirp” radar
may be considered an example of this.
Another use of phase-shift is to give to a
signal characteristics which are distinct from
those of expected errors, for example
distinguishing digitally recorded bits from
tape drop-out effects by recording them as
impulse-equivalent signals.

The Beauchamp method provides a
convenient technique for realising these
various advantages without concomitant
undesired phase effects in the final signal.
Wideband 90° (or other) phase shifts
between channels are normally obtained as
the difference between frequency-dependent
phase shifts of substantial amount affecting
all channels; time-reversal recording enables
these overall phase shifts to be compensated
leaving only the required relative shifts.
Similarly the the method enables “chirp” or
other deliberate phase-shifts to be removed
from the final signal after they have served
their purpose.

The techniques that have been discussed
above are unlikely individually to occasion
any surprise, but they seem to have been
exploited surprisingly little in view of their
potentiality. This unified discussion has the
aim of catalysing more systematic conside-
ration of them by systems designers.

P. B. Fellgett
Department of Cybernetics
University of Reading
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COMPETITION FOR
VIEWDATA WELCOMED

VIEWDATA is no monopoly. The service
which we will be offering in the market trial
starting this June, and in the public service
which we hope to start in 1979, involves the
retrieval by customers of information held in
remote computer data banks, using the
telephone network as the transmission
channel. Such services are already provided
by the private sector, using conventional
computer equipment. It is equally open to the
private sector to establish and run computer
centres, operating in Viewdata format. Any
customer with a Viewdata-equipped televi-
sion set could access these private data
banks by dialling the appropriate telephone
number, in the same way that he would
access the Post Office Viewdata computers.
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In your February editorial “Viewdata
needs encouragement” you called on the
Government to provide an opportunity for an
experiment in private operation of
Viewdata-like computers. That opportunity
already exists and we will welcome competi-
tion from the private sector. There is scope
for competition not only in the running of the
computer centres, but also in the provision of
the terminal equipment, and the provision of
information. Once a public Viewdata service
is launched, any terminal equipment
manufacturer will be able to supply suitably
equipped television receivers to the public,
subject only to technical and safety approval
by the Post Office for attachment to the
telephone system. Likewise it is open to any
organisation to rent space in the Post Office's
Viewdata computers.

We see the Viewdata project not as some-
thing under the sole charge of the Post Office,
but as a co-operative venture, drawing
equally on the resources of the Post Office
and the private sector. Indeed much of the
marketing of the service will be done by the
tv set suppliers and the information pro-
viders. In short, the course we are pursuing
is, [ think, exactly the one you advocate, and
I am very glad that you feel it to be right.
A.A. L. Reid
Viewdata Project Manager
Post Office Telecommunications
Headquarters

THE EAR IN PHASE
AUDIBILITY

IN all these arguments about phase audibility
and the experiments of Dr Shanefield
(October issue) has anyone considered the
organ of Corti and the information handling
between it and the auditory cortex? Simple
reference to this makes it unlikely that phase
relations can be detected as such, unless
there is an additional wavefront detector that
we know nothing about. The ear transducer
is a fluid-filled coiled tube containing
stretched fibres of different lengths and
tensions. Sound waves are pulsed through
the fluid and each sensory fibre is attached to
a cell which codes amplitude of vibration as
frequency of nerve pulses. Intensity of
stimulation is coded logarithmically, so that
a small stimulus produces a small rise in
frequency but a large stimulus produces
progressively less and less change as it gets
louder. The reason for this is that a nerve has
appreciable capacitance and is in this respect
like a transatlantic cable. It has an upper
frequency response. The 20 Hz sound could
have its wavefront represented by the first
pulse down the nerve but at 8kHz several
hundred cyvcles may have passed at low
intensity before the first nerve pulse can be
emitted.

It has to be admitted that surgical skill
limits experimental work on nerves in the ear
but it stands to reason that if the gap between
pulse one and pulse two is to represent
intensity then the system cannot be expected
to keep the nerve cell in readiness to emit a
pulse at wave peak on the first wave. What is
more, the cochlea is a delay line. The sound
wave progresses down it but is detected only
as it passes its “resonant” element. This
means that the nerve net ought to contain a
compensating delay line. In the case of the
electric eel, where exactly the same

information problem is faced, compensating
delay lines are found in the nerves that
supply the electric organ. Informationally
the problem of discharging all the little
electrolytic capacitors in the electric organ is
identical to preserving the phase relation of a
wavefront. It can be done if an animal needs
to do it. On the other hand, what use would
phase coherence be to an animal like us?
Wavefront difference between two ears is
another matter as it can give direction in a
creature with miserable little ear flaps. Even
so it is hard to see how it is done.

In conclusion may I point out that in a
television programme on famous violins
where more great violins were gathered in
one place than ever before, the tone analysis
was only done by oscilloscope and the phase
relations between different violins were the
most noticeable feature. These may have
simply been due to different bow strokes. The
commentator was unaware that the shapes
would reflect phase more than harmonic
content. .

Detecting equality is the best possibility of
human performance. Dr Shanefield should
try to dope the recorded sound until it
produces equivalence and does take in the
observer. He should try thumping damped
objects as the tone is played to remove the
possibility that sub-audible percussion is
being picked up by the listener’s body. If two
violins can be made to give marked phase
differences, he should try to see if people can
distinguish them after their tone differences
have been equalised. Two recorded sounds
with phase differences are a fairer test than
real and recorded sound, if the ability to hear
phase is under investigation. The simple
expedient of picking up a sound, feeding part
of its harmonic structure into an amplifier
and reissuing it should phase shift real
sounds and this experiment should be quite
conclusive.

F. C. Allen
Cambridge

WHAT Mr Naish says in September letters is
undoubtedly true, but most of it, for example
the exact shape of resonance curve and
which part of a nerve carries which informa-
tion. is not relevant to my suggestion.

Any amplitude to frequency converter
working directly from the a.c. input is more
likely to fire near peaks than near zero,
unless one puts in extra complication to
inhibit this. Even if the brain does not want
the phase information there is no point in
providing the extra complication.

The reversing phase experiment is
interesting and demonstrates that a process
of adding the inputs from the two ears takes
place, a not surprising fact. When
the signal is about the same level as the noise
it is not surprising that a change in the
relative pattern of the firings from the two
ears causes one to detect the firings. This
does not established that cognisance is taken
of phase. There are many other possible
explanations. For example, two firings, one
from each ear, occurring together may be
more easily detected than separate firings or
perhaps a shorter time between firings after
the adding process makes the signal easier to
detect in low signal, high noise conditions. To
what extent is it the sense of the two signals
as distinct from phase that renders it audible
in this experiment?

J. H. Asbery
Wembley
Middlesex

THE BLUMLEIN

YOUR news item about the unveiling of a
plaque to honour the late A. D. Blumlein in
the August [977 issue prompted me to look
up the account of his work by M. G. Scroggie
in the September 1960 issue of your
magazine. With the benefit of the passing of
the years it is now possible to refute
Scroggie’s complaint of the non-
commemoration of Blumlein’s name in any
‘‘device, law or discovery ...”” He has
achieved posthumously a place in the ranks
of those like Watt, Joule, Mackintosh,
Macadam, etc. whose names are used alone
and not adjectively but with the unique
distinction additionally of incorporating a
pun. I refer of course to the “Blumlein”, the
reflective delay line invented by him to
generate submicrosecond pulses. In the
modern development of high power
relativistic electron beam generators the
Blumlein plays an important role in the form
of three coaxial conductors and is frequently
described in the literature as such.

J. W. Marks

The Weizmann Institute of Science

Rehovot

Israel

DIRECT PERCEPTION OF
RADIO WAVES?

HAVING read Mr Wood’s letter in the De-
cember 1977 issue, | would like to make some
remarks on my own experience. When [ was
achild (maybe 7-10 years old) and | was lying
in bed at night [ often heard weak morse-like
signals. My room, situated under the roof of
my parents’ house in a small town (5° 36’
East, 51° 08’ North), was very quiet and I
could hear nothing but myself. I never asked
anybody about this because I supposed they
would not believe me. Later in my life [ have
several times had a similar experience but
now [ live in noisier surroundings and I fear
my ears are too old.

Now [ know there are radio stations
transmitting that kind of slow morse at very
low frequencies, where ultra-sound and radio
meet and overlap each other. I do not know
whether a military air base a few kilometres
away transmitted something like that or
whether the tram rails in front of our house
could have acted as a sort of waveguide. |
have only one explanation for the phe-
nomenon: that waves of suitable frequency
may be somehow transformed, perhaps rec-
tified, in the inner ear.

Jan Smeets
Barcelona 9
Spain

DEKATRON R.I.P.

WITH reference to Mr R. E. Williams’ letter
in the January issue about the “‘Dekatron”
tube. we have used the Texas integrated
circuit TIL306 for several vears. This device
will count, latch. decode. drive and display an
actual number (in seven-segment form) and,
unhke the Dekatron, only needs five volts.

J. Baker

Department of Engineering

University of Warwick
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" Broadcast stereo coder

Three decoders assessed, a reference decoder circuit, filters, and a v.h.f. oscillator

by Trevor Brook, Surrey Electronics

This article concludes the series on the
high-quality stereo coder design with a
low-distortion decoder circuit.
Performance details of the coder,
assessed using this decoder, were given
in the October issue.

NEED FOR A REFERENCE DECODER for per-

formance checks on the coder prompted”

an investigation of some commonly
available types of decoder. Some de-
coders produce their best channel
separation from a-degraded multiplex
signal, such as is likely to emerge from
the demodulator of present receivers,
and the crosstalk measured in Table 3
using an ideal signal is given as a guide
to what to expect when testing decoders
fed directly from a coder. The setting of
the free-running frequency of the
phase-locked loop i.c. decoders can also
have a considerable effect on channel
separation and the best readings
obtained are given in Table 3. The 1310
used was the best of seven selected for
low mono distortion. All were very
similar in stereo but two of the seven
gave mono distortion readings of 0.45%
on one of their outputs.

The use of a low-pass filter pre-
ceeding the decoder is bound to reduce
channel separation if it does not have a
linear phase characteristic and low
amplitude ripple and this effect can be
seen in the Skingley and Thompson
circuit (WW May 1974 page 124).
Though a sacrifice in channel separa-
tion results, such simple filtering does
achieve its purpose of dramatically
reducing “birdy” interference from ad-

jacent stations, which otherwise is sub-
jectively far more irritating.

Two odd effects appeared when tes-
ting CA3090 decoders using the RCA
data sheet circuit. The decoder would
trip out of stereo if full level 15kHz M
signal was fed into it and limiting of the
audio outputs accompanied by large
beat tones occurred with full S signal for
15kHz audio. These effects are presum-

e

=~ i el

DEGREES

Fig. 13. Response of the audio filters in
the coder and their measured phase
response. The filters are two Toko
BLR-2011-N units, each consisting of a
modified = arrangement. Over 65dB
rejection is provided at 19kHz and the
ripple below 15kHz is less than 1dB.

Table 3. Stereo decoder comparison when fed with ideal multiplex signal.

Input Distortion (%) Crosstalk
mVv mono stereo ) d8
1kHz 15kHz 1kHz 15kHz
MC1310
CA1310 300 0.09 0.09 0.67 40 37
1310 &
filter 300 - — — 40 20
CA3080 180 0.17 0.18 1.7LorR 43 30
3 S at
—10dB
Portus &
Hayward 600 0.05 0.38 1.3 — -
P&H
modified 600 0.04 0.04 0.35 30 3

Stereo distortion measured at full L, R, M or S level. Worst reading of two channels shown. By altering the pilot
phase on the coder channel separation on the modified Portus and Haywood decoder will reach 54dB at 1kHz
and 50dB at 15kHz. This has the same effect as adjusting the oscillator trimmers on the 1310 and CA3090 for
best channel separation, not necessarily at a free-running frequency of exactly 76kHz.

www americanradiohistorv com

ably due to the 15kHz, or lower side-
band of the S signal, confusing the
19kHz phase locked loop.

Finally tested was the Portus and
Haywood decoder (WW Sept 1970).
Needing principally lower harmonic
and beat tone distortion, 1 devised the
following modifications, included in the
circuit of Fig. 14.

® Change Trll and Tr12, formerly
BC108 types, for 2N2369, ZTX313 or
any high-speed switching transistor.

® Change Trl4 and Trl5 for high-
gain audio types, BC109C, ZTX109C,
etc.

@ Convert the input_amplifier to a
compound emitter foliower, now with
a lower emitter resistor and a gain
potentiometer at the input. This can
be done neatly on the original Inte-
grex p.c. board using only one link.
This modification is only suitable if
the input amplifier is not required to
provide any gain.

@ Operate the decoder with only 1.4V
at TP2, the pilot level test point, not
1.5V.

These modifications brought the
1kHz distortion in stereo to 0.06% and,
with the further suggestion by Mr
Portus of fitting pull-up resistors Ry, Res
onto the bases of Trl4 and Trl5, gives
the excellent figures in Table 3 with the
only penalties a couple of dB lower
audio output and higher switching
waveform on the outputs. Low.
frequency channel separation is easily
improved by paralleling 1000pF 10V
electrolytics across C; and C,;. Though
irrelevant for normal listening, good
separation is desirable when measuring
the coder’s noise level.

All decoders proved sensitive to’sup-
ply hum and noise and filtering along
the lines shown, Fig. 15, is needed to
reduce the noise output fromi.c. voitage
regulators to allow signal-to-noise
measurements beyond 64dB or so.

VHF oscillator

A simple v.h.f. oscillator with a varicap
arrangement which has low enough
capacity along the multiplex path to
avoid h.f. loss is shown in Fig. 16. The
oscillator coil is printed on the p.c.
board alongside a coupling link which
gives roughly 70 ohms output imped-
ance through R;. Coupling is low en-
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BC108, ZTXAN
Other p-n-p BC309 ZTxA21
1544 or equivaient

ough to avoid frequency jumping with
various loads. This device is only in-
tended for use on a fixed frequency and
there is no varicap sensitivity or
linearity correction. Calculation for this
circuit suggests distortion at full devia-
tion of less than 0.5%. “or a fully tune-
able generator with calibrated attenua-
tor the coder could be fed into the
wideband modulation input of the
Sound Technology FM1000 signal
generator.

On stereo it is important for the de-
viation to be set correctly. Without an
analyser or deviation meter the best
way is to measure the pilot tone level
before deemphasis when tuned toa BBC
stereo station transmitting silence.
They tune to the frequency selected for
the oscillator and adjust its deviation to
produce the same voltage. All the BBC
stereo stations 1 can receive have pilot
deviations within 1.5dB of Wrotham
Radio 3. The output from the oscillator
at around 60mV is adequate to feed a
passive distribution system or with
coaxial attenuators it can be used for
receiver checking. Thirty decibels of
attenuation (at 1.9mV) will still keep
any reasonable f.m. receiver in full

A Fig. 14. Modifications to the Portus
and Haywood decoder to improve both
distortion and channel separation.
Faster switching times and high gain
transistors in the matrix with a
different input amplifier arrangement
give 1kHz distortion better than 0.04%.
Voltage levels of points A, B and C

can be either + 12, +6 and 0V or

+6, 0 and —6V respectively.

quieting on stereo while a further 6dB
attenuation (685mV) will quieten a
good tuner.

Fig. 15. Stereo decoders proved
susceptible to noise on the supply line
and filtering is needed to measure
signal-to-noise ratios much above
60dB. Regulator should be mounted
out of the transformer’s magnetic hum
field. 2000pF capacitor should have
low internal resistance. y

+15/24V -

pt—o-—9 Regulator
E MVR12V

+

2R2

+12V to tilters etc

+12V supply
tor decoders

2000pF |
16V

Common

+
10,000 6.8
T)’ F -ITuntulum

%470
Portus and
+ ———— 5V (Haywood
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The oscillator will run from either
+12 or +15 volts so it can be run from
the coder’s supply or tapped from the
receiver under test. The capacitor types
used should be observed as they were
¢hosen empirically to reduce the tem-
perature drift. Wiring inside the box
onto the p.c. board should use thin
flexible wire with a slight slack left so
that microphony is not transmitted
from the input and output connectors
onto the board.

The phase and amplitude mangling of
the S signal which occurs in most
receivers is so large that degradation is
clearly visible on the demodulated
composite signal even without any ver-
tical magnification. Both low S
amplitude and phase shift should be
seen at 15kHz with S amplitude loss
being predominant for lkHz modula-
tion. Oscilloscope synchronization will
be helped by locking to the audio input
to the coder or the deemphasized audio
output from the receiver’s active chan-
nel.

15kHz filter

This is just a convenient p.c. board
which runs from 12 volts and will
remove switching frequencies at de-
coder outputs without introducing
significant distortion, so allowing
distortion and signal-to-noise measure-
ments. The resistor from pin6 to supply
draws a small current to stop the
crossover distortion which 741s other-
wise generate with only a 6-0-6V supply.
To make distortion measurements be-
low about 0.15% two such filters are
needed to completely remove ultrasonic
components.

1 think the coder design presented
here has reached a cost/performance
plateau. Many of its identifiable de-
ficiencies can be attributed to the
balanced modulator i.c., and £80 or so
spent on a precision multiplier will pro-
vide some further improvements. The
lack of inductors and single p.c. board

"make for a repeatable unit with stable
performance.

The work described forms the basis of
stereo coders for broadcast transmis-
sion, outside broadcast radio links and
test units. O

A Fig. 16. Circuit of a v.h.f. oscillator
using a printed coil and providing a
simply repeatable output level. Output
voltage into 75 ohms is 55mV at
108MHz and 65mV at 87.5MHz.
Temperature stability over 20 to 57°C
at 96.4MHz is 4kHz / deg C. Deviation
sensitivity at 104MHz relative to
88MHz is +5dB.

Fig. 17. The v.h.f. oscillator shown just
fitting into the smallest diecast box
available (RS Components 509-923).
Coaxial attenuators provide lower
signal levels for receiver alignment . ¥y

This series was written by . . .

Trevor Brook, who is keeping quiet for the time
being about his latest idea, being a method of
reducing noise in cassette tape machines he has
decided to approach manufacturers with it first.
But starting the electronic side of a new company
to make film and tv equipment directiy after
leaving South London College (then Norwood
Tech) must have convinced him that he could do
the same sort of thing for himself, for he formed
SurreyElectronics five years ago with a capital of
£200. So we may see him making noise reduction
modules as well as distribution and monitoring
amplifiers, peak programme meters, and

to audible frequencies. Acquiring a transmitting
licence in 1966, he looked for good auroral
openings by charting a tv sound channel from a
transmitter 700km away, and heard a 20 watt
repeater at Kilkeel over a 500km path ‘“‘passing
directly through Snowdon with unusual diffrac-
tion effects’’. With the aim of detecting
sporadic-E backscatter and aurora be obtained a
Home Office licence for an experimental pulse
radar, but never quite o the probl of
receiver blanking with a good noise figure.

frequency shifters. His interests are not confined .

v Fig. 18. Circuit of a convenient filter
for removing ultrasonic signals when
making decoder measurements.
Distortion at +11dB, 0.04%. Response

—34dB at 19kHz, —45dB at 38kHz;
ripple below 15kRHz is less than 0.5dB.
Crosstalk —80dB at 1kHz, —55dB at
15kHz. Noise —96 to —82dB over gain
adjustment range of +4to + 14dB.

+12V
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35V
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%100!(
1
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W
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other 648
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CIRCUIT

D

Multiple station

two-way intercom

This circuit shows a four-station, two-
way intercom, where any station can
communicate in privacy with any one of
the others. Each two-station link-up is
assigned a code, three bits being suf-
ficient as there are six possible link-ups.
The appropriate code is selected by
Sw 1-4, and is generated at each station.
All the station codes are “OR-ed” by IC,
and decoded by IC, to drive a matrix of
analogue switches which couple the
appropriate audio inputs and outputs.
Code 000 is allocated to a system-free

Components

IC, CD4071  (C, CD4011
IC, CD4081  IC, ., CD4025
IC; CD4075 A, LM380
IC, CD4028 A, 741
ICy 5 CD4016

Station

links Code

1t02 001

1t03 010 Electronics

1t04 011 housed in

2103 100 station 4 as all

2104 101 three bits are

3to4d 110 used.

selected, the station inhibit output is

preventing any further codes being
generated at the station outputs. How-
ever, if a station wishes to use the
system and selects any of the other
stations while the system is busy, it will
flash a code for a time determined by CR
thus interrupting the established link.
If the electronics are housed in one
station, only two code wires are req-
uired to the other three. The system can
be easily expanded up to six stations,
where there are fifteen possible link-
ups, by using a 4-bit code and a CD4514,
4-t0-16 line decoder with an enlarged
matrix of analogue switches.
B. Voynovich,

zﬁtxs;;gfgﬁit,efs?s’t;&d:islii?j?c:tzglg? taken high and this forces the enable =~ Norwood,
the l.e.ds flashing. When a code is inputs on all other stations low, thus Middx.
Ic, IC2, 7
e o o
My > !
OQJ | —
Mp —>— !
R r1Cs.6.7
Oy +—~ ] | 5
M34= y. o 4,
— I /
\\ 1k o)
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Cross coupled transistor
bridge

THis circuit shows a full wave rectify-
ing bridge which has an off-set voltage
an order smaller than conventional
diode bridges.

2N1309

2N1308

The graph shows transfer character- 0O
istics for a conventional full wave
silicon diode bridge in curve 1, a ger-
manium diode bridge in curve 2,‘ and the 2N1309 NERR
cross coupled transistor bridge in curve
3. The off-set voltage of the transistor
bridge is about 30mV with good
“linearity above the knee.
The circuit was developed for use in a 50
simple but sensitive field strength
meter. The meter is protected by the
base-emitter junctions of the transis- 40
tors. With the devices shown, the ~
frequency response is up to 30MHz and < (3] 2]
the optimum value of R, is about 2k{. t 30
L. D. Thomas, E
Burton on Trent, €
Staffs. 3]
S 20
Iy
3
0 / 7
o) 02 04 06 08 /1-0 12 14
INPUT VOLTAGE (V)
+5V
Raq
27k
3
A=B 3
INOT4 Programmable strobe
WHEN using magnitude comparators to
A<SB {>C evaluate the dynamic operation of
digital counters, the output data for
A< B A>B, A<B, and A = B is compared
1C,4 with a known conversion time for each
7406 bit by enabling exclusive OR gates with
three separate strobe pulses. This
circuit uses a monostable which, with
the aid of three open collector inverting
Clock o gates, will generate strobe pulses of
Ic 7.8us, 10ps, 12ps, and a 15us pulse to
74122 74836 clear counters,etc.
> The pulse widths can be increased or
W IC4 decreased by altering the value of C for
A b_)D—] 7430 the longest pulse and the three resistors
! in parallel for the three strobe pulses.
""’)) > ! D. J. Greenland,
. B / Cambridge.
From device
under test ’_‘)
c DJ_E
: ) o
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“EEV Triodes and Tetrodes
coming through
loud and clear”

High quality components from [ =~ — — T T T ——— ol
EEV are the best replacements in ,_Toz EEV, Chelmsford, Essex, CM1 2QU, England.

fixed station, portable or transportable I;‘lee[‘;ffdzesndmme details of EEV Triodes and |
radio transmitters. ) _ .

EEV are one of Europe’s leading General information. [J Please tick. I
manufacturers in this field with Or information for equipment type ... .. |

|

|

. |
unparalleled experience and | Name ) B |
expertise. . |
Many types are available in the 50 | Position |
to 1000 watt range, but only one | Company ) , |

standard of quality, the highest. | Addre

If you want to know more, please | ress |
fill in the coupon and send it to us at | . |
Chelmsford. | Telephone Telex |

S5166/ww

EEV/M-OV

Members of GEC- turnover £1902 million

ENGUISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM12QU. TEL (0245) 61777 TELEX 99103. GRAMS ENELECTICO CHELMSFORD
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The Sinclair PDM35.
A personal digital multimeter foronly £29.95

(+8% VATI

1

Now everyone can afford to
own a digital multimeter

A digital multimeter used to
mean an expensive, bulky piece of
equipment.

The Sinclair PDM35 changes
that. It's got all the functions and
features vou want in a digital
multimeter, vet thev're neatly
packaged in a rugged but light
pocket-size case, ready to go
anvwhere.

The Sinclair PDM35 gives you
all the benetits of an ordinary digital
multimeter - quick clear readings,
high accuracy and resolution, high
input impedence. Yet at £29.95
(+8% VAT ), it costs less than vou'd
expect to pay for an analogue meter!

The Sinclair PDM35 is tailor-
made for anvone who needs to make
rapid measurements. Development
engineers, field service engineers,
lab technicians, computer specialists,
radio and electronic hobbyists will
find 1t ideal.

With its rugged construction
and battery operation, the PDAM351s
perfectly suited for hand work in the
field, while its angled display and
optional AC power facility make 1t
just as useful on the bench.

What you get with a PDM35
31/ digit resolution.

Sharp, bright, easily read L.L1:D
display, reading to = 1.999.
Automatic polarity selection.
Resolution of I mV and 0.1 nA
(0.00011LA .

Direct reading of semiconductor
forward voltages at 5 different currents.
Resistance measured up to 20 M.
1% of reading accuracy.

Operation from replaceable battery
or AC adapror.

Industry standard 10 M (1 input
impedance.

Compare it withan
analogue meter!

The PDM 35% 1% of reading
compares with 3% of full scale fora
comparable analogue meter. That
makes it around 5 times more
accurate on average.

The PDM35 will resolve I mV
against around 10 mV fora
comparable analogue meter — and
resolution on current 1s over 1000
times greater.

The PDM35% DC input
impedance of 10 M (11s 50 times
higher than a 20 k(1/volt analogue
meter on the 10 V range.

The PDM35 gives precise
digital readings. So there’s no needto
interpret ambiguous scales, no
parallax errors. There’s no need to
reverse leads for negative readings.
There’s no delicate meter movement
to damage. And you canresolve
current as low as 0.1 nA and measure
transistor and diode junctions over
5 decades of current.

To: Sinclair Radionics Ltd, London Road, St Ives, Huntingdon, Cambs.. PE17 4H].

Please send me qty PDAM35:s

« £33.00 ine £2.40 VAT and 65p P&

eachi . ik
1qty) De-luxe padded

carrying casersy 2 £3.00 (inc VAT

—  (qty,ACadaptor(s, for
240V 50 Hz power @ £3.00

I enclose cheque/PO made pavable

to Sinclair Radionics Ltd for

indicate total amount)i.......cconeun. L

Iunderstand thatif T am not completely

satisfied with my PIDM 35, I may return it
L\:‘ilhin ten days for a tull cash refund.

WW — 007 FOR FURTHER DETAILS
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Technical specification

DC Volts (4 ranges)

Range: 1 mV 10 1000 V.

Accuracy of reading 1.0% £ 1 count.
Note: 10 M (1input impedance.

AC Volts (40 Hz-5 kHz)

Range: 1 V1o 500 V.

Accuracy of reading: 1.0% £ 2 counts.
DC Current (6 ranges)

Range: 1 nA to 200 mA.

Accuracy of reading: 1.0% = 1 count.
Note: Max. resolution 0.1 nA.
Resistance (5 ranges)

Range: 141 to 20 M.

Accuracy of reading: 1.5% + | count.
Also provides 5 junction-test ranges.
Dimensions: 6 inx 3inx 121n.
Weight: 6% oz.

Power supply: 9V battery or
Sinclair AC adaptor.

Sockets: Standard 4 mm for
resilient plugs.

Options: AC adaptor for 240V

50 Hz power. De-luxe padded
carrving wallet. 30 kV probe.

The Sinclair credentials

Sinclair have pioneered a whole
range of electronic world-firsts - from
programmable pocket calculators
to miniature TVs The PDM35
embodies six vears' experience in
digital multimeter design, in which
time Sinclair have become vne of
the world’s largest producers.
Tried, tested, ready to go!

The Sinclair PDM35 comes to
vou fully built, tested, calibrated and
guaranteed. [t comes complete with
leads and test prods, operating
instructions-and a carrying wallet. And
getting one couldn't be easier. Just fill
in the coupon, enclose a cheque/ PO
for the correct amount (usual 10-day
money-back undertaking, of course,
and sendit to us.

Sinclair Radionics Lid, .ondon Road,
Stives, Huntingdon,Cambs., PEI7 +H],
England. Regd No: 699483.

& Ssincl=ir- |

- World leaders in fingertip electronics
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Analogue gate applications

The final background article in the series

by J. Carruthers, J. H. Evans, J. Kinsler and P. Williams, Paisley College of Technology

THE HAZY WORLD between analogue and
digital systems is populated with a
variety of strange and legendary crea-
tures. One of these is the perfect switch,
as hopelessly quested after as the Holy
Grail as hunted as the Snark. As a
long-time connoisseur of Boojums it has
become obvious that we can hope for no
better.

Good design is always a question of
exploiting the behaviour of the avail-
able devices, of working within their
limitations and not against them. The
first step is to identify these limitations
for the alternative devices, to see the
implications and applications that fol-
low. Consider first the on-off switch.
This function can be duplicated by any
device for which the resistance can be
charged between two distinct levels.
Ideally the resistance should be zero in
one state infinite in the other and with
no injected error voltages or currents.
An adequate performance is possible
provided the off-on resistance ratio is
greater than 10%, though useful results
are obtained at ratios down to 10* while
ratios above 10% are becoming com-
monplace.

The changeover switch presents a
different kind of problem. There is no
direct electronic equivalent of such a
switch, and it has to be synthesized by
two separate on-off switches driven
antiphase. This is not easy since if the
conduction periods overlap then two
different e.m.fs are placed temporarily
in parallel. If there is a gap between the
conduction periods problems arise with

any current source that is open-

circuited. The problem is clearly worse
in multipole systems.

So far the switches, by implication,
are able to operate between any pair of
points regardless of their potentials. To
bring ourselves down to earth (or
ground) the transistor and f.e.t.
switches of Figs 1, 2 and 3 illustrate the
realities. Each can be switched from an
off state where the resistance is very
high to an on-state of moderately low
resistance — anywhere between 10{ and
1k{} depending on the device. In the
bipolar transistor the off-state is the
normal one, with a forward bias vol-
tage/current required to bring the
collector-emitter path into conduction.
This base current flows on through the
emitter to the supply common line. For
a junction f.e.t. which is a depletion-

mode device the drain-source path is
normally conducting and a reverse bias
on the gate is needed to switch it off.
The enhancement-mode device of
Fig. 3 requires the same sense of voltage
drive as for the bipolar transistor to
bring it into conduction, but the gate
current is vanishingly small. The ad-
vantage is clearly seen by drawing the
bipolar transistor switches with non
grounded terminals as in Fig. 4. The
base current then has to flow in either
the source or the load. Further, the
required drive voltage is affected by the
magnitude and sign of the signal vol-
tage, since at one extreme the device
might receive excessive bias while at
the other the signal might be sufficient

This raises the question of how the
drive voltage or current is to be derived.
In the junction f.e.t.,, for example, the
gatedrive voltage is of opposite polarity
to the normal drain source voltage and
will normally require a dual supply
system. The m.o.s.f.e.t. avoids the cur-
rent requirements of the bipolar tran-
sistor and the reverse voltage needs of
the junction f.e.t.

To summarize the imperfections that
can exist Fig. 5 shows one equivalent
circuit for a bipolar transistor in its
switching mode. When the switch is
open (no base current) the finite R
still permits some current flow. When
the switch is closed there is a voltage
drop that depends in part on a resistive
term R on, but includes a voltage V, the

to hold it permanently off.
/'I

Fig. 2

Fig. 4 -
RO"
Ron .
)t e
Fig. 5
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pedestal voltage that is present even in
the absence of current flow. This last
term is absent from the equivalent
circuits of both forms of f.e.ts making
them preferable for low-voltage appli-
cations. The equivalent circuit is partial;
it applies only to the static conditions,
takes no account of the load presented
to the switching voltage, and more
important does not indicate the effects
of the transients in the switching vol-
tage. At high frequencies, low voltages
or both these transients inject error
currents into the output that can have
the same overall effect as offset and
drift voltages in operational amplifiers.

These limitations are very relevant to
the process of muitiplexing, of using a
singlechannelto convey multiple sets of
information. As a simple example, Fig. 6
shows a set of switches which can be
used from left-to-right to transfer a
single signal to one of a number of lines.
Alternatively it can be used from right
to left as a data selector i.e. transferring
one out of a number of signals onto a
single line.

A quite different application where
transient properties are important is
that of a switch that is periodically
opened and closed (Fig. 7). If the rate at
which this happens is very fast
compared to any signal frequencies
applied to the switch, then it is the

fraction of the time for which the switch
is closed that is significant. For a given
voltage applied to the switch, the cur-
rent remains inversely proportional to
the resistance, but its average value is
halved if the switch conducts for only
50%of the time; it is reduced to a quarter
if the switch is closed for only25%of the
time and so on. The average current and
hence the equivalent value of resistance
is varied by the mark-space ratio of the
switching waveform. This is an applica-
tion of pulse width modulation to the
control of circuit and system behaviour.

The examples quoted so far, have the
switches used in open-loop systems.
They can be very effective within feed-
back systems and two applications are
shown in Figs 8 & 9. The first shows the
switch at the location that would be
occupied by a diode in a well-known
form of precision rectifier. In fact if the
switch is activated by a separate com-
parator that senses the input, it dupli-
cates the function with some advan-
tages. Replacing the resistor by a
capacitor, creates a peak rectifier in the
case of a diode, and a sample-and-hold
circuit in the case of a switch. It is a
testing application for the switch, since
the speed of response should be high,
the on-resistance low to allow the
capacitor to sample rapidly, and the
off-resistance should be high to avoid
discharging the capacitor in the hold
mode.

These are some of the areas in which
analogue gates can be applied. Analo-
gue gates are economically available in
c.m.o.s. form. They have excellent per-
formances in respect of drive input
impedance which is virtually infinite,
and an off-resistance which is also ex-
tremely large. Their on-resistance is less
ideal though falling as new devices are
introduced. The high-frequency be-
haviour is such as to permit operation to
above 1MHz, while they are useful both
as low-level choppers and as high-level
switches. The gate-drive voltage is
logic-level and the analogue signal may
have any potential between the supply
limits. It is for the flexibility that they
add to circuit design that they are per-
haps most welcome — no more need to
waste time on special drive circuits, but
instead use that time on applying them
to a wide-range of useful functions. []

Twenty circuit cards devoted to analo-
gue gate uses — sets 34 & 35 — concludes
the Circards circuit information service.
Individual back sets are available for £2
each (ten cards minimum) inclusive of
UK and surface mail (ten sets are £18)
and reprinted bound volumes of sets 11
to 20 are still available for £14.50.
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Broadcast
frequencies

Changes in broadcast frequencies, to
take place on November 25th, 1978, are
shown on the sticker presented in the
U.K. edition of this issue of Wireless
World.

The main changes are in the medium
and long wave bands. Radio 1 will
achieve national coverage on 285m and
275m and will have an additional
wavelength in the Bournemouth area of
202m.

Two medium wavelengths will carry
Radio 2 nationally — 433m and 330m.

Radio 3 is confined to a single
frequency — 1215kHz, which is 247m.

Coverage of Radio 4 will be obtained,
in the main, by two long wavelengths —

"1500m and 1322m. Ulster will be served

by 417m, Scotland by 202m and 207m,
the north-west by 202m and north-east
by 498m.

Local radio in Leicester will change to
189m and in Bournemouth to 221m.

All medium-wave stations will have
to change frequency by one or two
kilohertz to comply with an internatio-
nal agreement, but most listeners will be
unaffected by such a small change. Only
push-button selectors may need to be
reset. V.h.f./f.m. channels remain un-
changed.

Frequency and wavelength
Multiplying frequency in megahertz
(MHz) by wavelength in metres (m)
gives the result 300. To convert from
one to the other it is only necessary to
divide the known quantity into 300. For
example, the wavelength corresponding
to 100 MHz is 300/100=3m. Similarly,
the frequency of a 10m signal is
300/10=30MHz. The wavelength of
Radio 4 on 200kHz (0.2MHz) is 300/0.2
or 1500m.

Units
1 Hz=1 hertz=1 cycle per second.
1 kHz=1 kilohertz=1000 cycles per

second.
1 MHz =1 megahertz= 1,000,000 cycles
per second.

Abbreviations

a.m. amplitude modulation
f.m. frequency modulation

h.f. high frequency (3-30MHz)

k.w. short-wave (German)
Lf. low frequency
Lw. long-wave

m.f. medium frequency (0.3-3MHz)
m.w. medium wave

s.w. short wave

u.h.f. ultra-high frequency (300-
3000MHz)

v.h.f. (German)

very high frequency (30-
300MHz)

u.k.w.
v.h.f.
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Integrated-circuit memories — 1

A summary of techniques developed in the last ten years

by John Dwyer

Few sections of the electronics industry
have seen such rapid increases in sales
volume as that seen recently in
semiconductor memories. In the first part
of a two-part series the author gives a
summary of developments in the
fastest-growing part of memory
technology, the random-access memory,
and outlines what has led to that growth.

A MEMORY is any information-storage
device. Its history goes back to the
marks primitive man made in the sand,
but the need for electrical storage of
binary information did not arise until
the first electrical calculating machines
were developed towards the end of the
second world war.

So many types of memory have been
described, and even developed, since
then that it would be impossible to
name but a fraction of them. For the
purposes of this brief summary of the
current memory scene we must assume
that readers are familiar with the
better-known magnetic devices, such as
drums, discs, tape and magnetic cores,
and concentrate on the developments
that have taken place in the last decade.

All these are still being used, and in
increasing numbers, but their growth
has been very slow compared with that
of the semiconductor memory, which
offers greater speed, greater capacity in
a smaller space and is cheaper. Other
magnetic devices may not surrender to
new technology as quickly as the core
has, partly because the drum and disc
have different uses. The memories we
will look at are mainly those within a
computer as opposed to those storage
devices which retain data in a library
outside it and are brought to a
peripheral device, such as a magnetic
tape player, for reading into the com-
puter.

Yet even these have a limited life once
the storage capacity of non-mechanical
systems becomes large enough. One
reason is that discs, and the motors that
drive them, wear out. A floppy disc lasts
about three months. A more important
reason is that these storage devices
depend on human labour, and there will
soon (five to ten years) be no need to
depend on a man or woman bringing a
tape to a machine when its contents can
be called up from a store within the
electronic reach of the computer. Tech-
nology is now dedicated to the elimina-
tion of human effort as too costly, and it

may be that the devices about to be

described will have greater social -
impact than anything since the steam

engine.

Where peripheral devices are con-
cerned, their slowness compared with
the rapidity with which the data is
operated upon within the computer, at
sub-nanosecond gate speeds very often,
has been taken for granted for years.
The putting in and taking out of infor-
mation is performed by humans or
mechanical printers. This may change
but until recently it affected the size and
arrangement of the various parts of a
computer, its “architecture.” A com-
puter was so expensive, and its input
and output devices so slow, that users
began to be concerned about how little
of the computer’s time was spent com-

Motorola’s 6810 128 x 8 bit static r.a.m.
This n-channel device works from a
single power supply and was the first
of Motorola’s memories to use
depletion load techniques, reducing the
area of the chip by around 40%. Chip
size is 149 x 117 mils and access time is
500ns.

g P 7 LY » r *

puting, as opposed to waiting for in-
structions and data to be read in and
read out.

The solution, which came into
general use around the mid-sixties, was
to make greater use of the fact that a
central processing unit, the part which
performed the arithmetic functions,
could deal with any calculation pro-
vided the instructions came with the
data. The computers arranged their
work'in a queue, so that if the computer
engaged on one task had to wait for a
new piece of information it went on to
another task, drawing new data and
instructions from its memory, and on to
others, then went back to the first. Time
sharing made the use of the computer
much more efficient and was partly
necessary because the storage capacity
of a computer was usually much greater
than was needed for a single user. The
reason for that was, and is, that the
hand-made core memories then in
general use only became cheap enough,
per bit used, if they were large.

A development of the queueing idea
was that of multiplexing data into the
computer so that the tasks were hand-
led continuously instead of continually.
But computer-sharing met much -
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greater resistance than had been pre-
dicted partly because of the fear of users
that the information they put into the
computer might find its way to someone
who shouldn’t see it. This may have
been an imaginary fear, but it was an
added stimulant to research into l.s.i.
techniques that would allow computers,
and their stores, to become small and
cheap enough for everyone to have a
computer of their own. It then followed
that the uses of computers proliferated,
making them even cheaper.

“Their tasks are now so complicated
that much routine calculation is per-
formed by the terminals to which the
central processor is connected, so-
called intelligent terminals. The load on
processors has become very high, and
accounts for the emphasis on speed of
processing as one instruction from one
terminal rapidly follows another in-
struction from a different terminal. The
video display units now in use, for
example, are very hungry for data so
much of the processing needed to pre-
sent them with the information they
need is done at the data terminal itself
rather than by the processor. It follows,
therefore, that the terminals will require
some ability to store data.

Computers are not the only things
that require memory, of course, es-
pecially with microprocessors about to
come into more widespread use than
pocket calculators now have, but they
provide a convenient background for an
account of the uses and development of
various memory devices.

Before we look at the development of
the newer devices there are certain
terms which must be defined.

Access time: the time taken for a
randomly-chosen computer word to be
taken from the memory to the central
processor or another memory.

Cycle time: the minimum time during
which successive reading, writing, or
reading and writing operations may
occur. The cycle time is related to the
access time depending on whether the
memory cell is static or dynamic.

Dynamic memory: one in which the
data has to be continually refreshed,
usually 500 times a second or more.

Static memory: one which holds its data
without the need to be clocked or
refreshed.

Read-on memory (r.o.m.): once the
memory is programmed no information
can be read into it. It contains standing
instructions which do not need to be
altered, such as what bits to transmit
when a letter on a keyboard is pressed.

Random-access memory (r.a.m.):
strictly-speaking this should be called a
read-write memory, since a r.0o.m. may
also be random-access. As normally
understood, a r.a.m. is a device which
data can be written into and read from
at random, the access time being inde-
pendent of its location in the memory.

Some storage devices are continually
circulating shift registers and data can
only be taken out in the same order in
which it was written in. This means
access cannot be truly random, though
they can be arranged to behave in a
similar way.

Destructive read-out (d.r.0.); each time
a number is read from a memory with
destructive read-out it is lost unless
replaced, as in the magnetic core.
Semiconductor memories mostly have
non-destructive read-out.

Volatile: a memory which loses its data
when the power supply is removed is
said to be volatile.

E.c.c.: error correction code. Most of the
data going round in a computer con-
tains at least one parity bit, a binary
digit which checks automatically
whether the accompanying number is
correct. But now semiconductor
memories sometimes contain, on the
same chip as the memory itself, a set of
circuits which checks the data that goes
into a memory, and the data that comes
out. A code, the error correction code, is
added to the ingoing data, then the
outcoming data and accompanying
e.c.c. are checked. If an error has oc-
curred the e.c.c. will identify not just
that this has happened but where the
error is, and will correct it. The e.c.c. is
then removed before the data goes out
to its destination.

A memory may have to do a number
of tasks. It may have to store large
amounts of data which are only re-
quired from time to time and thus for
which speed of access is not a prime
requirement as long as the cost of
storing each bit is low. There may not be
a great deal of calculation to be done so
much as compilation, as in the case of
personnel, bank records and so on.

On the other hand, a memory may
have to store the results of a complex
calculation ready to give the informa-
tion out so that another part of the
calculation can be performed.

Fig. 1. Dynamic memory cells store the
information as the charge on a
capacitor. They now use one transistor
where three used to be needed. The row
select line turns on the transistor,
allowing the capacitor either to charge
up from the data line or discharge into
it, depending on whether the operation
is write or read.

Dynamic
memory cell

I

Row select

<
a

Data

WIRELESS WORLD, MARCH 1978

Memories which store these inter-
mediate calculations need to work very
fast indeed if they are not to slow down
the calculation process.

A third type of memory may be re-
quired, when presented with a number
at its input, to give out its square root,
or square, or reciprocal, or log. Thisis a
code conversion or table look-up opera-
tion which would be performed by a
r.o.m.

In general the first type of memory is
now more generally suited to tape or
disc storage, and the second and third
are where semiconductor memories
have most to offer. At first, indeed, their
use was confined to high speed
‘scratchpad’ and small buffer memories
where, say, information had to be
clocked in at one speed and clocked out
at a different one.

Random-access memories

Bipolar semiconductor r.a.m.
memories usually consist of t.t.l. ore.c.l.
flip-flops. E.c.l. is inherently fast since
the transistors are non-saturating, but
t.t.l. can be made aimost as fast by the
use of Schottky diodes to clamp the
collector-base junctions out of satura-
tion. This technique was used by IBM in
the 1K r.a.m. they put in their system
370 and System 7 computers introduced
in 1973. IBM had produced a computer,
the System 70, which used wholly-
semiconductor memories as early as
1971. Bipolar access speeds in the mid-
70s were less than 50ns, and are now
under 10ns.

The first m.o.s. devices were p-
channel, depending for their operation
on holes as majority carriers instead of
much more mobile electrons. The use of
n-channel devices has improved access
speeds, now under the 50ns mark that
bipolars had reached two or three years
ago. N-channel also allowed static
m.o.s. r.a.m.s to have a single power
supply, and all m.o.s. devices to have
t.t.1.-compatible inputs and outputs.

Early semiconductor memories con-
sisted of a matrix of storage cells. All the
addressing, timing and control logic had
to be made up from conventional inte-
grated circuits mounted externaily.

To improve their speed and cost, es-
pecially in large systems, dynamic
memories have to be used. The data has
to be re-entered each cycle, and since no
reading or writing can take place during
the refreshing period this means that
cycle time is increased and efficiency, in
terms of possible operating speed,’
reduced. In general, unlike static
memories, dynamic memories cannot
operate down to zero frequency.
Efficiency is defined by

.

E=c-rn X100
c

(about 98.3% for dynamics)

where c is the cycle time, r is the refresh
duration and n is the number of refresh
cycles needed in each cycle for all of
the cells to be refreshed. Usually a
number of cells are refreshed at once,
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and most of the refreshing circuits are
now on-chip. Dynamic cells have a
minimum operating frequency which,
unlike that for static cells, does not
extend to d.c. Dynamic cells also con-
sume power each cycle, and power
consumption in dynamic cells is
sometimes quoted in mW/cycle, while
static consumption may be expressed in
mW /bit.

The normal dynamic cell is a
m.o.s.f.e.t. whose gate capacitance
stores the data as an electrical charge
(see Fig. 1). At first bipolar r.a.ms were
preferred because of their higher
speeds. But m.o.s. is cheaper, needing
fewer masks in the diffusion process, its
speed is catching up that of the bipolar
devices, and it also offers greater pack-
ing density and lower power consump-
tion.

The need to refresh an m.o.s. dynamic
cell arises because its capacitively-
stored charge leaks away. The leakage
can be reduced by introducing a layer of
silicon nitride between the metal gate
and the oxide insulator.

A static memory cell can be formed by
cross-coupling two m.o.s.f.e.ts as flip-
flops, but this usually means using four
or more transistors and the number of
cells available on a single chip is thus
reduced. Dynamic r.a.m.s have reached
densities of 16K (16,384 bits)/chip
compared with 4K for a staticr.a.m. The
dynamic r.a.m. is also cheaper, though
this effect is mitigated by the need to
provide some external refreshing
circuitry, and three power supplies.

M.o.s. used to suffer from the disad-
vantage that it needed an interface
between the t.t.l. levels used by the logic
and the 20V or so used by the memory.
All these requirements for additional
circuitry could only make sense if the
required memory capacity was large
enough to reduce the consequent
additional cost per bit. Such interfac-
ing is now on-chip, but it remains true
that the greater packing density of
dynamic r.a.ms only outweighs the need
for more complex indirect or servicing
circuitry if the system is a large one. An
earlier analogy was that magnetic disc
peripheral memory systéms were
economic for large systems once the
cost of the drive motor could be spread
over a great number of bits of informa-
tion. -

In an m.o.s. static memory the load
resistor is replaced by another m.o.s.
transistor with its gate connected to the
drain to form a small-area non-linear
resistor. The reason for using this is that
it takes up less space on the chip, and
enables more gates to be packed in. Yet
Mostek have now introduced a 4K static
memory, the MK4104, which uses resis-
tors as loads to save space. This
apparently backward step reduces
space because the resistors are ion-
implanted polysilicon devices which
can be put almost on the same area as
the drive transistors. Mostek say the
device has the additional advantage of

" drawing only 1nA.
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Fig. 2. This device uses resistors where
most devices have another f.e.t. The
row line turns on Trl and Tr4, allowing
the two column lines to sense the state
of the flip-flop or during write, to
change its state.

In the c.m.o.s. technique the load
resistor is replaced by a complementary
transistor. Since, in theory, only one
transistor of the complementary pair
can conduct at one time the only cur-
rent that flows is the leakage current
through the top, load transistor. In
non-complementary circuits power is
continually dissipated through the load.
Dissipation is thus very low in c.m.o.s.
memories but they are slower, offering
access times of around 500ns, compared
with 150ns claimed for the 4104, and
consume much more chip-space.

In practice the transistors do, for an
instant, conduct together when the cell
is changing state causing a power pulse.
The reason for the slower operation is
the parasitic capacitances that exist
between the gate and the substrate and
in reverse-biased p-n junctions, all of
which have to be charged and dis-
charged. These effects have been
countered By the use of a sapphire
substrate with the transistor built above
it. The sapphire insulator allows the
speed of the c.m.o.s. device to increase
around four times, but the use of sap-
phire is never likely to be cheap enough
to be practical.

A continuing disadvantage of semi-
conductor r.a.ms of whatever type
remains, however, that they are
volatile. The usual way round this is to
provide a low-power or stand-by mode
of operation, and this may entail the
need for extra power supply connec-
tions to the chip which are disconnected
when the device is on stand-by. The
remaining power supply serves to keep
the memory alive as programmed.

Another technique, used in Motoro-
la’s 6802, is to use an on-chip reservoir
capacitor to sense a loss of power. When
power does go down 32 bytes of infor-
mation is transferred from wherever it
was when the power went down to a

part of the memory which is kept alive
on batteries. Power consumption is
reduced by turning off peripheral de-
vices on the non-storage part of the
chip. The 32 bytes that must be pre-
served are chosen in advance.

Another technique we reported in
February 1977 (p.75) was that used by
Toshiba, where charges are stored for
up to a year in normally unused m.n.o.s.
f.e.ts to which the date is transferred
once a power failure has been sensed.
This, though described as a non-volatile
r.a.m, is a hybrid r.o.m/r.a.m. The
number of transfers is limited to about
1,000 since there is a degradation of the
ancillary f.e.t. switches each time they
are used.

By 1974 it had become clear that i.c.
memories had largely replaced core
memories in new computer main
memories. Western Electric had an-
nounced the development of a 4K n-
channel r.a.m. to go into telephone
switching the following year. The de-
vice had an access time of 250 ns, and a
cycle time of 700ns. Bell were to phase
out their core memories in favour of
m.o.s. devices on grounds of cost.

That year a number of manufacturers
offered 4K r.a.m. samples, including
Siemens of Europe, whose S142 was t.t.1.
compatible, with access and read-
refresh cycles of 350 and 600ns.
Altogether, about 50 semiconductor
r.a.ms were being used in 1974 for every
one in use only two years earlier, and
70% of new memories were being de-
signed with semiconductors.

The responsibility for displacing the
core has been attributed to the Intel
1103, a 1,024 bit dynamic r.a.m. which,
though introduced in 1971, was still
selling at a million a month world-wide
last year, though in an improved form.
In terms of cost per bit, core, with an
access time of lus, became more ex-
pensive than the 0.5us dynamic p-
channel memory at the beginning of
1972, when they were both 0.7 cents/bit.
Dynamic n-channel, also at 0.5us, be-
came cheaper at the beginning of 1974
(0.4 cents/bit) and static n-channel
(1ps) at the beginning of last year. Yet
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core still appears to be selling fairly well, I_-———
largely as a result of its non-volatility,
and the above figures may reflect 4
merely the huge growth in the demand
for memory devices of all kinds. Never- |
theless the core is slow and requires a

great deal of interface and other perip-
neral circuitry.

By the middle of the decade the
number of different types of semicon-
ductor device had increased from two
— the 64 and 256 bit bipolar array and
the 1K p channel m.o.s. — to over a
dozen, each suited to various tasks from
the low speed, low power peripheral and
terminal r.a.ms, with main memory
applications inbetween.

Now the choice is even greater. In
just two or three years we have seen
improvements in e.c.l. and t.t.l. which
have brought bipolar access times down
to 7ns for e.c.l. and less than 50ns for
t.t.l. Last year Intel claimed they had
produced a m.o.s. r.a.m. which has an
access time of around 25ns, which puts
m.o.s. in the same class as bipolar for all
but the very fastest applications. Users
can choose from 4K and 16K dynamics,
4K fully and partially (clocked) static
types, 1K and 4K fast statics, 4K and
16K integrated injection logic (I2L)

Address
select

Fig. 6. The four-position, two-pole selector is
replaced by a gate circuit which has the
address information sent to it on two
address lines.

dynamic and static memories, as well as
the newer c.c.d. and bubble memories,
though these strictly speaking are serial
memories, or recirculating shift reg-
isters. Texas are reported to be working
on a 65K r.a.m. The variety of read-
only memories is equally large.

The large number is mainly due to
improvements in semiconductor fabri-
cation techniques, particularly in m.o.s.
technology; it has been said, indeed,
that bipolar devices are less good than
they could be if a little more research
attention were paid to them. Recent
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m.o.s, polysilicon multi-layer processes,
h.m.o.s. (a not-so-simple scaling down
of existing circuits to one half or one
third their previous size), electron beam
etching, ion implantation, and depletion
load techniques. ]

At the moment the rate of progress is
about the same as it has been for the last
ten years. Packing densities and speeds
have about doubled their improvements
every year or, more accurately, there
have been fourfold improvements every
two years. Memory capacities go up in
powers of two and the capacity is nor-
mally a perfect square. Thus a 1K
memory holds 1,024 bits which is 322

The next logical step, therefore, is to
go up to 4K (64?) since it would take two
years to design the device, and by that
time users would be ready for a new
device. Thus while there were a number
of 2K memories about a year after the
first 1K chips appeared, the biggest
growth was the following year, when
4K chips were launched with be-
wildering frequency.

Equally bewildering was the number
of packages available. Intel introduced
the 2107 4K dynamic r.a.m. in 1973,
followed closely by Texas Instruments.
These were both 22 pin packages while
the industry standard socket, and
therefore the cheapest socket and the
one easiest to fit, was 16 pin. In addi-
tion, the Intel and TI pin configurations
differed from each other. Eventually
Intel adopted the TI pin configuration
but AMI and Motorola together pro-
duced a third 22 pin version which
conformed to neither of the previous
configurations.

Then Mostek produced a 16 pin 4K
r.a.m. They did this by multiplexing the
12 address pins that had appeared on
the 22 pin packages down to six. The six
address pins are presented alternately
with six-bit row and column addresses.
Apart from offering cheaper packages
and sockets for users, the device offers
much greater packaging densities per
memory board, though it means the
designer now has to provide multi-
plexing circuits. TI then advocated an
18 pin package, and steadfastly refused
to go to 16 pin address multiplex. The
confusion was about complete.

Now that 16K dynamic r.a.ms have
arrived, however, all the manufacturers
agreed on the same pin configuration.
Moreover, it is one which enables 16 pin
4K users to make one address ling
change and simply plug the new 16K
memory straight in.

Memories can be organised in various
ways. Let us consider a static memory
cell as simply a flip-flop which, when
presented with both a number (0 or 1)
and a clock pulse, holds the number by
switching into one of its two possible
states. Looked at in another way, the
arrival of the clock pulse transfers the
input number to the output where it is
stored until the next clock pulse arrives.
(Fig. 1). The data is now written into the
memory and will stay there as long as
the power supply remains connected.


www.americanradiohistory.com

WIRELESS WORLD. MARCH 1978

By itself this flip-flop constitutes a one
word, one bit (1 X 1) memory.

If the state-indicating output of the
flip-flop and another line are connected
as two inputs to an AND gate then the
new line could act as a read line, only
showing the output of the flip-flop when
the read line goes to 1. This would
provide a latched output. However,
there is no need for two lines. If the read
and write lines were both active at once
the output during a read cycle might be
changed in mid-cycle by the write line.
One line is used, which is either read or
write. The latched output to the cell is
provided by a chip-select (CS) pin which
shows the output of the cell if that cell
on that chip has been selected and read
has also been selected.

However, in some cases the cell can
operate in read-while-write mode,
where a binary digit stored in the cell
can go out to the output within the
specified access time, and then another
bit can be read into the cell within the
same cycle period.

If we had a chip with four memory
cells, a typical size when the first
semiconductor memories appeared in
1965, we could arrange it in a number of
ways. We could connect it as 4 X1, 1 X4
or 2 X 2. The diagrams show the first two
arrangements. In the first case there is a
four bit parallel input, a common clock,
or write line, and four separate outputs.
If, however, we want to place the bits in
the memory so that they were available
serially, one at a time, we would need to
arrange the memory cells as four words
of one bit each. We would need to take
each of the clock lines separately out to
a selector, and each of the output lines
would need to be selectable too. The
arrangement is shown in the next fia-
gram.

This also means that each bit would
need to be accompanied by the address
for which it was destined. The address
could be selected either by a multipole
switch or, in reality, by logic routing.
There are four possible addresses in this
case, and the first four numbers could
g0 to them in any order, provided each
number was accompanied by a two-bit
address which said where the digit was
to go.

The more possible destinations the
digit has, and the bigger the memory,
the more the address lines that are
going to be needed. The 1 X4 memory
needed none, the 4 X1 memory needs
two since those two address lines can
define four states or addresses, and the
2x 2 memory would need one, since this
can define two states, or addresses
which the two-bit number could go to.

In the case of a 16 bit memory
arranged 4% 4 the number of address
lines needed is two (defining four pos-
sible addresses for the four bit number).
A 16 X1 r.a.m. would need four address
lines since 2¢ is 16, while 1X16 needs
none. In general terms, a z bit memory
arranged as X XY (where z=X.Y) will
require log, X address lines, where X is

69
e i
= 1
|
— |
|
A |
|
|
!
e |
i
E— |
|
= l
|
|
_._\ |
|
e |
|
= \ |
— ——0
1
|
1
|
- |
!
amm—— E——O
|
[
™, |
| E— I
i
— \ |
3 2o e 1I | O
s | |
1 |
| !
| 1
— | |
| |
| |
, - . —o
|
|
o
b
|
[ Lo
] b
! I
| [
Jrma— | [
! |
/ | |
! |
f— | |
| |
| |
| |
i i |
I|I | |
I |
/ 1
________ VA
Recd7write Address

Fig. 7. A 16-bit (4 X 4) memory. The four
parallel bits coming in are each presented
simultaneously to a group of four cells. The
top bit, for example, goes to cells 1, 5, 9 and
13, and so on. But only one group of four
cells will be clocked at one time, according
to a write instruction being present and the
correct address. The address connects the
write signal to the correct group of cells, as
selected in the shaded area. The outer
dotted line corresponds to the block in the
previous diagram which, when an address is
selected for “‘read” delivers the

appropriate word at the parallel output.

the number of words, and Y the number
of bits per word. Y is also the number of
input and output lines that are needed.
In a practical case the 16 bit memory
might be on one chip, or it might be
spread among four chips. Chips are
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arranged in different ways, and for
small amounts of memory the number,
of data in and data out lines can easily
be provided on a conveniently-sized
chip.

But as the amount that each chip can
store goes up to 16K or more it is un-
‘reasonable to expect adequate addres-
sing and data lines to be available for
every configuration that might be reqg-
uired. Therefore the bigger the chip the
more likely it is that it will have one data
in and one data out line. If parallel
outputs are required more than one chip
has to be used.

In another case, not enough storage is
available on a single chip, and data has
to be addressed to one chip of a number.
This is where the chip-select (CS) pin
comes in. If the 16 bit memory men-
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tioned above had to be spread among
four four-bit chips then only one chip
would be selected at a time and the four
chip selects would be decoded down to
two lines just as the addresses on the
4 x 1 memory had been.

Thus if there are N chips, each with P
address lines, D data input lines and Q
data output lines, then the data-in lines
are all connected to each other, the
data-out lines are also commoned, and
the address lines are also connected,
giving P address lines for the group of
chips. From each chip the CS line is
taken to a decoder which selects one of
N, and the number of lines which will
come from this will be log,N. Thus the
total number of address lines needed for
the collection of chips will be P +
Log,N, which would write into, or read
from, one chip at a time.

As the size of semiconductor
memories has increased so has the
number of pins. A 4K X 1 memory needs
12 address bits. With data in, data out,
three power supplies for a dynamic
memory, chip enable or select, and
other pins this meant that the first 4K
memories were designed with 22 pins.

The newer 16-pin dynamic memories
still have data in and out and three
power supplies (four pins) but the 12-bit
addresses are multiplexed on to six pins.
A row address select (RAS) pin is
activated, the six row address bits are
presented to the six address pins, then
the column address select (CAS) is

operated and the column address pre-
sented, at the same time as read or write
are selected, and the cycle then con-
tinues.

This arrangement means the designer
has to decode the address into rows and
columns where this used to be done on
the chip, and multiplex the two ad-
dresses onto the correct pins. But the
use of standard 16-pin sockets has a
great many advantages in cost and
tooling. In addition, multiplexed
memories can be doubled in speed for
some applications by holding the row
address low and feeding in successive
column addresses without the need to
supply the row address more than once.
This is called page operation, and the
application of successive column ad-
dresses is known as “strobing” the col-
umns.

As already mentioned, some chips
have latched outputs. The 4K chips on
the market have latched outputs, the
latch being provided by a combination
of the chip select and column address
lines. Most of the 16K memories, how-
ever, have unlatched outputs, partly
because of the need to use the CS pin as
another address. An exception is the
Intel 21186.

Normally refreshing is done by put-
ting a clock signal on the address lines,
one row or column being refreshed at a
time. A timer on the memory card sends
a request to the clock circuit to carry
out a refresh, and the memory cycle is
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halted until the refresh has taken place.
A signal is then sent that the refresh has
finished and the timer may start a new
cycle.

There are normally a number of
boards in a memory, and each of their
timers, left toitself, might send a refresh
request at a different time from all the
others. Therefore one board is usually
determined as the master, and its
refresh clock determines the refresh
times on all the other boards. [t may be
that a link is removed on all the boards
except one.

In addition, many computers work in
two phases, with one lot of boards going
through a read or write cycle while the
other lot of boards are being refreshed.
Any card that is not in use during a
cycle may have a refresh signal applied
toit.

The high output impedance of m.o.s.
circuits allows them to be connected
together on the same output bus with-
out the need for a buffer. T.t.l, on the
other hand, will not, because, unlike
m.o.s., it will drive a load. Whatever the
device, if it is to be operated into a
common bus it must have a three state
output: high, low and floating. While an
m.o.s. output would not be damaged by
putting a 1 onto a bus that had a0 on it
from another device the bus needs to
see the output of the one device along it
that has been selected, with all the other
outputs floating for the moment to that

level. []

Continued from page 39

lutely forbidden for amateur stations to be
used for transmitting international com-
munications on behalf of third parties.” The
regulations even forbid the content of any
messages to be conveyed to a third party, so

that the television crew who recently filmed.

amateurs at work were technically in breach
of the regulations.

Some countries have agreed between
themselves to waive certain parts of the
regulations, so that Brazil and the US, we
understand, have mutually agreed that amat-
eurs in those two countries can transmit
third party messages. But no such agreement
exists between Britain and the US, and so the
Americans were, as the Home Office said,
breaching the regulations.

If an amateur is talking to someone within
his own country then he is subject to the laws
of the national PTT, in our case the Home
Office. In many countries there is no restric-
tion on talking to third parties non-
internationally, and that used to be the case
here until 1954 when, because of abuses, “the
syllabus for radio amateur licences was
strengthened,” according to a Home Office
spokesman.

We did, however, discover one lophole in
the Wireless Telegraphy acts which govern
such matters. It appears that Crown property
is exempt from the provisions of the Wireless
Telegraphy Acts on the grounds that licences
are granted by the Crown and the Crown
could not logically license itself.

Whatever else may be said about the Home
Office, the anniversary incident shows that
at least they are consistent. 1t is, indeed, the
bedrock of the British Constitution that the
monarch is as subject to the law as anyone
else.

That, at any rate, is the theory. At least two
photographs exist of the Duke of Edinburgh,
the Patron of the RSGB, at the microphone of
an amateur radio station. He is not licensed.
Oddly, the palace could not, when we asked
them, recall any of these incidents.

@ The Cornish amateurs have accepted the
Home Office’s attitude with good grace,
though they confess to being disappointed.
Their transmission wasn’t too successful
either. Supposed to be broadcast for 45
minutes on the hour every two hours from
one until five on the great day, reception
appears to have been poor. They planned to
re-run Roosevelt’s message, then a message
from Marconi’s daughter, then finally a
message from Carter, in Morse. On the first
transmission at one o’clock the first three-
quarters of the Roosevelt message were
heard through a lot of static but then the
signal disappeared. Yet reports from other
amateurs indicated that the Carter message
had been picked up elsewhere. The Cornish
amateurs would like to hear from anyone
who copied any of the messages. As someone
involved in the celebration remarked, “It's
funny, they could do it in 1903 but not in
1978.” (]
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Red faces all round

THE “DISAPPEARING BUILDING” in the
computer simulation of Brussels airport, used
during assessments of microwave landing
systems, has caught up with the FAA, the US
aviation authority. Interested parties in the
UK, among them Plessey and the Civil Avia-
tion Authority, who were a little downcast to
hear that Lincoln Laboratories’ simulation
proved that the British Doppler system

~would suffer degradation in a Brussels-like

scenario, were amazed to discover that the
postulated seat of the trouble — a large
hangar — simply did not exist. This was all
the more puzzling in that exact dimensions of
the “building” were used in the computer
simulation.

It seemed clear to Plessey and the CAA
that the FAA or the companies involved had
tried to mislead and to gain some kind of
advantage for the US scanning-beam systém,
and the House of Representatives Subcom-
mittee has announced hearings, starting on
January 31, to investigate the charges.
Whether any conclusion will be reached in
sufficient time to affect the final decision, in
April, by ICAO on the system to be adopted
1s open to question, but a spokesman for the
CAA told Wireless World that the results of
tests so far conducted with British and US
equipment at several “difficult” airports have
not changed their opinion that Doppler is a
much superior system.

One wonders why the Americans felt the
need to cloud the issue at Brussels, if, in fact,
they did so deliberately. (]
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A SPECIAL
FREE OFFER FROM
DORAM

. Buy either of these superb-value new Doram units,
eitherready-built orin kit form, and we'll enclose this free
digital desk thermometer complete with perpetual calendar
and pencil holder, beautifully finished in anodised
aluminium.

But hurry! Offer closes March 10th 1978

LOW DISTORTION
AUDIO OSCILLATOR

Attractive styling in
satin finish avocado and
black. Ready built and
tested, only £99.95 plus
8% VAT

KEY DATA

Range 10Hz-100KHz in 4 decades
Sinewave distortion < 0 005% at 1KHz

Qutput TmV-3V pp plus 0-10V square wave
Supply Mains 115/240v 50/60Hz

Save £20! Buy i kit form

HARMONIC DISTORTION
METER

A perfect match in
top quality and styling for
the audio oscillator. Ready
built and tested, only
£99.95 plus 89 VAT.

70 O . FER W
79.95 plus 8%, VAT

KEY DATA :
Continuously variable 20Hz - 40kHz - in
7 steps

60mV - 65V in 3ranges

Distortion range 100% - 0.03% FSD reading to 0.003%,
High impedanceinput  >75c0

BNC connectors. 500 Hz filter Residual output provided

Frequency range

Inputrange

Save E20! Buy in kit form - £72.95 plus 89 VAT

Doram Electronics Limited, PO Box TR8, Leeds, L$S12 2UF, West Yorkshire

I—Please send me the following umits | enclose cheque/PC value £ j
| Low distortion audio oscillator Order code I
| Ready-built: £99.95 + 8% VAT. [ 74-710- 7WM |
| Kitform 1£79.95 + 8% VAT. [0 60-610-7WM |
| Harmonic distortion meter |
| Ready-bullt:£99.95+ 8% VAT [J 74-720- 0WM |
| Kit form :£79.95 + 8% VAT. [ 60-612-1WM |
NAME . ... ... . ..

: ADDRESS . .. Dnl‘Am :
| BEmpe s m mmmm e Department WM |
U PO Box TR8
| COUNTY : R Leeds LS12 2UF |
l_ Offer closes March 10th 1978 West Yorkshire _l
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MEMORY
GOMPONENTS

RAM — ROM — EPROM - CCD

MEMORY
OfOTEMS

ADD-IN, ADD-ON, STAND-ALONE

As always Intel leads the way with an even more
powerful range of easy-to-use integrated memory
devices. They give hitherto unobtainable system _
performance (reduced package count and cost for I
user designed systems)...memory boards and
fully-packaged systems for integration into user I
hardware ...plus add-in and add-on for proprietary
computers...and stand-alone for bulk storage.

All popular devices from stock. We deliver, install

and maintain packaged memory systems. For all

your Intel memory products, just memorise our
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— . This easy-reference descriptive price list
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delighted to send it to you by return of post with
our latest up-date material. Just use the reader
reply service or send this coupon to

I L — :ﬂ_ GEC Semiconductors Ltd..
I E:]:ﬂ East Lane, Wembley. Middx HAS 7PP,
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THE BENEFITS OF A TEST SET

— forthe price gf a gnal genesator!

arnell’s new synthes;zed 10 to 520MHz signal generator, the SSG52O It outperforms other
units in many respects, and, with its remarkable ease of setting, repeatability and SINAD
facility gives you most of the advantages of a receiver test set costing much more.

Typical tests the SSGs20 does with speed and simplicity are :—
checking and zligning channel frequency and bandwidth

1.f. and filter alignment

sensitivity tests (so easy with SINAD)

mute/squelch performance

adjacent channel rejection (using two units) and

signal to noise and a.f. distortion tests are made casier using the SSG520.

R.F. leakage is remarkably low, permittting totally unambiguous sensitivity measurements
down to 0.2,V (o. 05/:V if you like,using a 20dB pad). There’s no leakage from counter dis-
play holes—there isn’t one; you don’t need a counter with our thumbwheel setting/readout.
The S8G520 can be tuned in 100Hz steps under locked conditions with maximum stability
over the entire frequency range.

* Contrast this with competitive instruments which have either a mere 2° tuning range before
re-lock or will only fast synthesize in 100kHz steps! Stability and accuracy are excellent and
an optional ovened crystal version is available. Sideband pbase noise is better than ~100dB/
Hz and harmonics better than -25dB. Any combination of a.m. and f.m. modulation, in-
ternal or external is possible. Qutput is calibrated and automatically levelled over the whole
frequency range and the attenuator is set by adjacent 10 and 1dB click stop controls giving
direct reading of dBm and volts —quicker to operate and enabling accurate mute/squelch
settings.

So if vou want to improve service or production
throughput of mobile radio telephones, fixed receivers,

handportables, public correspondence radiophone and
paging systems without spending as much as vou would have
thought, use this magazine’s reply svstem now to obtain full

details and price.
Yoou ceill also recerve, wirh our compliments, a free copy of our
pocket card of useful Telecommuoncarions Data.

191
3

FARNELL INSTRUMENTS LIMITFD, SANDRECK \WAY WETHERE Vo ST OIRKSHIRE LS27 (00 TEL 0937 »3 3% 0L 5o /BT TNRIST G LuNDUN DERILE TEL 01 e /03
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Pickup-arm design techniques

History of the development of pickup arms, with a description

of design methods used in a modern arm ,

by Tejinder Singh Randhawa VU2TSR

THE AUTHOR of this article has recently
designed and constructed his own pickup
arm based on the experience he gained
on an earlier inferior design. The
following text does not attempt to
describe the constructional details of the
new pickup arm, but instead
concentrates on the methods employed
in its design. In addition to attempting to
remove some existing fallacies on the
subject of pickup arms, the author has
traced the history of their development
from the end of the nineteenth century to
the present day.

“Mary had a little lamb,” history’s first
recorded phrase, squeaked out from the
hill-and-dale recording of the tinfoil-
layered cylinder of Edison’s phono-
graph in 1877. The gramophone, which
substituted wax for tinfoil, was
patented by Chicester Bell and Charles
Tainter in 1886. In the following year,
the precursor of the modern record
player — a gramophone using laterally-
recorded discs — was developed by
Emile Berliner, and in 1890 the English
artist Francis Berraud painted the form
of Nipper, quizzically peering into the
reproducing horn of a gramophone,
listening to “His Master’s Voice”.

It was to the credit of these older

record reproducing machines that the-

sound box arm, a rough equivalent term
to the present day ‘pickup arm’, was of
substantial design and construction.
With the introduction of electrical
transducers came the early pickup arms
of the simple stub type and, over the
years, precision pickup arms have de-
velopedinto the pleasingly intricate and
technically perfected designs common
today.

Tracking error

One of the first problems faced by
pickup arm designers was tracking er-
ror, which is illustrated in Figs 1a and
1b. It was not the resulting distortion
which brought the problem to their
attention, but the excessive record
wear. According to extracts from 1937
issues of the American magazine Elec-
tronics, it is probable that European and
Australian audio firms were the first to
benefit from the use of a bent arm to
decrease tracking error, as follows: “A
survey of the literature indicates that
the situation has been thoroughly
appreciated abroad. Notable examples
of tone arms which correct for tracking

angle can be found in the products of
manufacturers in England, Continental
Europe and Australia. All of these de-
vices are of the bent arm type'.” In
October 1937, C. J. Lebel wrote?, “the
only fundamental improvement in
pickup arms to appear in a long while is
the use of the bent arm. This has been
standard practice in England for some
time. A consideration of the theory, as
given by P. Wilson and G. W. Webb?,
shows that the reduction of needle
tracking error is very great. . . . Ameri-
can manufacturers will undoubtedly
change over as their dies wear out.”
When Lebel wrote this, the Wilson
alignment protactor’ was already being
marketed in England by The
Gramophone. A month later, B. Olney®
recorded, “For several years past a
feature of phonographs produced
abroad has been some special arrange-
ment of the pickup arm for minimizing
the so-called tracking error, but it is
only lately that such devices have made
their appearance in this country. In 1930

_the author became interested in this

The author’s record deck showing
the turntable and pickup arm.

subject through an article published in a
British journal Wireless WorldS$...”

At about this time, in America, atten-
tion was drawn to the distortion pro-
duced by tracking error. In 1941, H. G.
Baerwald carried out a rigorous mathe-
matical analysis of tracking error and
the resulting distortion’, and derived
the fundamental equation (Equation 1)
relating tracking error distortion to
recording variables. In a simpler ana-
lysis in 1945, B. Bauer® derived the two
compact equations (Equations 2 and 3)
to determine the optimum offset angle
and overhang for a pickup arm. Bauer’s
equations held their ground until 1966
when J. K. Stevenson® derived new
formulae, which gave results slightly
nearer the optimum than Bauer's for-
mulae because the approximation
(Sin(X)= X Radians for small values of
X) was not used.

Two years ago the author developed a
‘direct’ method which, by using a com-
puter iteration method, gave marginally
better results than the geometrical ana-
lyses employed in 1941, 1945 and 1966.
The table shows the results obtained by
the author’s method. On the whole
Stevenson’s and the author’s analyses
give results which are slightly better
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- Reproduced sine wave distorted
due to tracking error

Fig. 1. (a) illustrates tracking error
distortion. Due to the error, angle o, the
stylus moves from A to C, instead of B.
Consequently, the reproduced signal
amplitude is proportional to AD and
not AB. The rest of the playback curve
is produced in the same way. (b) Shows
to scale, pickup arm positions relative
to a record. The force triangles for
skating force are shown for an

T
| Reiative movernent

I of cartridge axis

,' with respect to curve

optimum design and also for a straight
arm having no overhang or offset
angle. In the latter case the tracking
error is equal to 8, which produces

a considerable skating force.

By applying the cosine law to the
triangle at angle E, and remembering
that Cos(E) is equal to Sin(B), the
tracking error equation, Equation 4, can
be derived.

Equation 1: D,=100V tan(a)/S

For recorded velocity equal to 10cm/s
r.m.s., groove speed for 33 rev/min,
and correcting for a recording gain of
4dB/octave (by multiplying by 10-42¢
for playback) the above equation
reduces to:

D,=100.85 tan(a)/R
=100.85a/R approx.

Note that the term that requires
minimizing is a/R, not just o. This
means that more tracking error can be
tolerated at a larger radii than at a
smaller radii.

Equation 2: Offset angle (degrees)
D=R,(1+R,/R)57.3/AB
where B=0.25 (1+R,/R)*+R,/R,

Equation 3: Overhang

C=(R)*/AB
Equation 4: Tracking error (see Fig. 1b)
a=sin"(R/2A + (2AC - C%»/2AR)-D

To get the zero tracking error points for
a combination of C and D, insert the
values in Equation 4, equate to zero and
solve for R.

KEY

V, is the peak recorded velocity, D, is
the percentage second-harmonic
distortion, « is the tracking error, S is
the groove speed, R is the groove radius,
R, is the minimum recorded radius, R, is
the maximum recorded radius and A is
the pickup arm length from pivot to
stylus.
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Fig. 2. Design curves for a 9in pickup
having optimum offset angle and
overhang values. (a) Tracking error. (b)
Tracking error distortion. (c) Variation
of skating force with reference to the
value at the zero tracking error points. -
Main radii are: the first and second
zero tracking error radii, R, and .R; at
2.32in and 4.62in respectively; the
minimum recorded radius, R, at
2.125in; and the maximum recorded
radius, Ry, at 5.75in.

Table

Pivot to Optimum Optimum % 2nd harmonic Zero tracking error points Maximum tracking

stylus overhang offset distortion due in inches from record centre error

length (inches) angle to tracking error First Second {degrees)

(inches) (degrees)
7.5 0.76 27.62 0.91 2.34 4.61 2.93
8.0 0.69 25.56 0.85 2.31 4.60 2.77
8.5 0.65 24.00 0.79 2.33 4.58 2.58
9.0 0.62 22.70 0.74 2.32 4.62 2.33
9.5 0.58 21.33 0.70 2.30 4.60 2.23
10.0 0.55 20.19 0.66 2.34 4.56 2.1%5
10.5 0.52 19.24 0.61 2.33 4.59 2.00
1.0 0.50 18.38 0.58 2.33 4.61 1.87
11.5 0.48 17.59 0.56 2.33 4.62 1.76
12.0 0.45 16.67 0.54 2.31 4.58 1.75
12.5 0.43 16.01 0.51 2.31 4.58 1.66
13.0 0.41 15.40 0.50 2.31 4.60 1.8

Notes. (1) Do not compare values above with other computations without checking the values of minimum and maximum recorded radii used by
them. (2} The minimum recorded radius on a 33" rev/min LP record is 2.625in and on a 45 rev/min record itis 2.125in. The maximum recorded
radius on a 33% rev/min LP record is 5.75in. Design figures given in table are for R between 2.125in and 5.75in, and the differential speed
between 2.125in and 2.625in has been accounted for. {3) Column 4 is for a recorded velocity of 10cm /s r.m.s. The last column is for an arm having
the optimum offset angle and optimum overhang.

www americanradiohistorv com


www.americanradiohistory.com

76

than Bauer’s results, but when setting
up an arm, mounting errors can often
give rise to more distortion and nullify
the effect of these accurate calculations.
Bauer's equations can therefore safely
be used for as near optimum results as
possible.

As can be seen from the table, a well
designed and mounted 9in (effective
length) pickup arm will give less than 1%
harmonic distortion. These calculations
are based on a worst case analysis —
that is, for a completely monophonic
lateral recording. 1In stereo (45-45)
recordings, the corresponding distor-
tion figures will be approximately
divided by two. The introduction of
45-45 stereo brought the problem of
vertical tracking error, and the resul-
ting distortion, but helped in reducing
distortion due to lateral tracking error.
This indirect benefit comes because, in a
45-45 stereo recording, the total signal is
the sum of a lateral and a vertical com-
ponent (because the groove wall is at an
angle of 45 degrees to the vertical) and
the vertical component is not affected
by lateral tracking error. As the vertical
tracking angle is controllable there will
be a net reduction in tracking error
distortion. Vertical tracking error — the
difference in angle between the vertical
tracking angle of the cutting stylus and
the playback stylus* — has now been
eliminated because the vertical recor-
ding and reproducing angle has now
been standardized at 15 degrees. Until
recently this was a big source of distor-
tion. The 15-degrees vertical tracking
angle was recommended in 1961 by the
Engineering Committee of the RIAA,
but as late as 1965 vertical tracking
angles of commercial pickups were
measured'' to be anything from 6 to 38
degrees.

*This is a very simple, idealized definition and in
practice problems are created by the springback
action of the record material which has to be
accounted for. See reference 10 for details.

Design curves for a 9in pickup arm
having an optimum offset angle and an
optimum overhang are shown in Fig. 2.
Each curve is plotted with respect to the
radius of the recorded groove. Curve A
is a plot of the tracking error and Curve
B shows the percentage of second-
harmonic tracking error distortion.
Curve C indicates the percentage
variation of the skating force with res-
pect to the value at the zero tracking
error points.

Figure 3 illustrates how the overhang
and the offset angle combine to reduce
tracking error.

WIRELESS WORLD, MARCH 1978

Front-side view of mounting post and
weighting arrangements for author’s
pickup arm.

The next part of this article will in-
clude analyses of tracing error distor-
tion, pick-up resonance, damping and
skating force.
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Microcomputer design — 5

Introduction to microcomputer programming

by Phil Pittman B.Sc in association with NASCO Ltd

A microcomputer is capable of storing
information, controlling other devices,
performing calculations, making
decisions based on the results and
completing a given task very rapidly. The
processor cannot, however, perform
these tasks without direction. Each step
which the computer is to perform must
first be worked out by the programmer.

Put 1st. no.in
temporary store

v

Compare 2nd.no
with
temporary store

Put 2nd. no.in
temporary store

D —

Compare 3rd. no

with contents of
temporary store

Put 3rd. no. in

temporary store

-

Transter largest
no. to memory

As explained in previous articles a pro-
gramme is a list of instructions for the
computer to follow in order to execute a
given task. When a complex task has to
be performed the programme may in-
volve many steps, and writing it often
becomes long and confusing. A method
for solving a problem which is written in
words, and possibly mathematical
equations, is extremely difficult to fol-
low, and compiling computer instruc-
tions from such a document would be
equally difficult.

A technique called “flowcharting” is
used to simplify the writing of pro-
grammes. A flowchart is a graphical
representation of a given problem, indi-
cating the logical sequence of opera-
tions that the computer is to perform.
Having a diagram of the logical flow of a
programme is a tremendous advantage
to the programmer when he is deter-
mining the method to be used for
solving a problem, as well as when
writing the coded programme instruc-
tions. In addition, the flowchart is often
a valuable aid when the programme

Fig. 1. This flowchart is a preliminary
to writing a programme for selecting
the largest of three numbers. The
programme itself is shown in Fig. 5.

Fig. 2. Common symbols used in
flowcharts.

checks the written programme for
errors.

Fig. 1 is a flowchart which shows the
sequence of operations for a pro-
gramme which selects the largest of
three numbers. The assumption is that
the numbers are stored in consecutive
memory locations and that the selected
largest number is to be stored in the
fourth consecutive location. To help
with Fig. 1, Fig. 2 shows some common
symbols used in drawing flowcharts.
The rectangle represents an operation
to be performed within the programme.
The diamond shape is used to indicate a
decision point where one of two or more
paths is selected by the programme.
There are other symbols for various
other functions, but those shown are
the most frequently used ones.

The flowchart of Fig. 1 clearly illust-
rates the method for selecting the larg-
est of three numbers. Essentially, ad-
jacent numbers are compared and the
larger at each comparison is saved and
used as one of the numbers for the next
comparison. At the end of the sequence
of comparisons the last “saved” value
will be the largest from the group. By
repeating the process the method may
be extended to any number of values.
For more complex problems the initial
flowchart may not give as much detail
about the operation of the programme
as is shown in Fig. 1. For example, the
task of selecting the largest of a group
of numbers may be only a small part of a
much larger item of software. Conse-

Represents the start, the end, or an interruption of
the programme depending on the word contained

inthe box.

Represents a given task accomplished by the pro-
gramme, the description of the task being briefly

indicated inside the rectangle.

-

Indicates that a test must be made to determine the
subsequent path taken by the programme. The test
is specified within the diamond and its results
marked above the appropriate output paths.

Represents one or several operations which are
not detailed on the flowchart in question but are
detailed on another flowchart. A sub-programme
is often represented in this way.
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quently, on a different flowchart this
complete operation may be represented
by a single box, as indicated in Fig. 3.
The very first flowchart for the
operation of a microcomputer project
may contain very little detail of the
actual method by which the central
processing unit will solve the problem.
However, each block must then be
broken down into smaller and smaller
operations, probably resulting in
several “levels” of flowchart, depending
on the complexity of the problem, being
generated along the way. Finally, as

with the Fig. 1 example, the flowcharts.

will contain sufficient detail to be
translated directly to machine instruc-
tions. By adopting this method of
generating various levels of flowcharts,
a more orderly solution to the software
problem will result.

Programming models and
instruction types

Flowcharts are generally “machine in-
dependent” in that identical flowcharts
can be used as a basis for generating
programmes for virtually any com-
puter. However, in order to translate a
flowchart into a programme for a parti-
cular machine, the programmer must be
completely familiar with the instruction
set of the c.p.u. (see December 1977
issue, p.56 and p.59) and know which
registers within the c.p.u. are accessible
by these instructions.

Fig. 4 shows what is called the pro-
gramming model or internal register
organization of the Z80 microprocessor
chip. Before proceeding with a pro-
gramming example it is necessary to
study these aspects of the c.p.u. Note
that some of the registers are duplicated
in the Z80 and are referred to as the
main and alternate registers sets.
Within the Z80 there is a means for
selecting one or other set for current
‘working. The current discussion will be

i
1

Select largest
of N1 numbers

v

|
v

Fig. 3. Example of a flowchart referring

to a sub-programme.

limited to considering the main set only,
plus some of the other special-purpose
registers. Each register has a particular
significance in the overall operation of

the c.p.u.

There is a register known as the
accumulator. This 8-bit register, which
is denoted by the letter A, is always used
for one of the operands in any 8-bit
arithmetic or logical operation, and as
such is a very special and important
register of the c.p.u. For example, if two

Fig. 4. Diagram showing the

organization of the internal registers of

the Z80 microprocessor, known as a
“programming model”.

Main register set
A

Alternate register set

A,

4 N R
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Stack pointer SP
Programme counter PC
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8-bit numbers are added, subtracted,
compared, etc., one of them must reside
in the accumulator and this is also
where the result of the operation is left.
Registers called B, C, D, E, H, L are
general purpose 8-bit registers which
may be used as stores in a similar way to
any external memory locations. How-
ever, being part of the c.p.u. means that
they may be accessed faster and more
easily than external memory. In addi-
tion to being general purpose stores,
registers Band C,D and E,and H and L
may be used in pairs to form 16-bit
registers for many types of arithmetic
operations. Also, these 16-bit registers
may be used to hold memory addresses
for certain memory reference opera-
tions. This is particularly true of the H
and L pair, which may be used to con-
tain an address for many register-to-
memory and memory-to-register data
transfers, arithmetic and logical opera-
tions.

Register F in Fig. 4 is not really a
register in the normal sense but is the
collection of c.p.u. status bits which are
affected by the a.l.u. operations and
which may be tested by the conditional
jump instructions.

Registers [X and IY are 16-bit reg-
isters used primarily for holding
memory addresses for special “indexed”
addressing operations. Arithmetic
operations may also be performed,
using these registers.

The SP or “stack pointer” register is
another special purpose address register
whose function will be explained in a
later article. Register PC is the 16-bit
programme counter which keeps track
.of the current instruction address in the
programme memory.

Registers I and R have special func-
tions which will also be explained in a
later article.

Instructions which operate on data
within the above registers or memory
locations may be classified into various
groups. Any computer will have similar
instruction groups, although the actual
instructions within these groups are
likely to differ between different designs
of c.p.u.

The instruction set of the Z80 consists
of 158 different instructions, which may
be broken down into the following
major groups.

Load and exchange

Block transfer and search
Arithmetic and logical
Shift and rotate

Bit manipulation

Jump, call and return
Input/output

Basic c.p.u. control

The load instructions move data in-
ternally between c.p.u. registers or bet-
ween c.p.u. registers and external
memory. All of these instructions must
specify a source location from which
the data is to be moved and a destina-
tion location. The exchange instruc-
tions can swap the contents of certain
c.p.u. registers.
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A unique set of block transfer in-
structions is provided in the Z80. With a
single instruction a block of memory
data of any size can be moved to any
other area of memory. These instruc-
tions are extremely valuable when large
strings of data must be processed. The
block search instructions are also valu-
able for this type of processing. With a
single instruction a block of external
memory of any desired length can be
searched for any 8-bit character. When
the character is found, the instruction
automatically terminates.

The arithmetic and logical instruc-
tions operate on data stored in the
accumulator and other general purpose
c.p.u registers or memory locations. The
results of the operations are placed in
the accumulator and the appropriate
flags are set according to the result of
the operation. This group also includes
various 16-bit arithmetic facilities.

The shift and rotate instructions
allow data in the accumulator or other
8-bit registers to be shifted or rotated in
various ways, often including the carry
flag as a ninth bit.

Bit manipulation instructions allow
any bit in the accumulator, any general
purpose register or any external
memory location to be set, reset or
tested with a single instruction. This
group is especially useful in control
applications and for controlling “soft-
ware flags” in general purpose pro-
gramming.

The jump, call and return instructions
are used to transfer information bet-
ween various locations int the user’s
programme. This group uses several
different techniques for obtaining the
new programme counter address from
specific external memory locations.
Programme jumps may also be
achieved by loading the contents of
registers H and L, 1X or 1Y directly into
the programme counter, thus allowing
the jump address to be a complex func-
tion of the programme being executed.

The input/output group of instruc-
tions allow for a wide range of transfers
between external memory locations or
the general purpose c.p.u. registers and
the external i/ o devices.

Finally, the basic c.p.u. control in-
structions allow various options and
modes including instructions for effec-
ting the interrupt response.

Coding the programme

With the instruction set at his disposal,
the programmer can begin to translate
the detailed flowcharts into actual
machine instructions. In the case of the
“selection of largest number’ pro-
gramme, the flowchart of Fig. 1 is suf-
ficiently detailed to give approximately
a one-to-one correspondence between a
flowchart block and a c.p.u. instruction.
This will not always be true as problems
get more complex and as the program-
mer becomes more proficient and con-
fident. In Fig. 5 the flowchart has been
translated into a list of programme
instructions.

Address pointer

«—{ = L

Memory image

1st. no

2nd. no

3rd. no

Result

Load HL with address of 1st number

-

Load A from memory (addressed by HL)

Increment HL

P PN

Compare A with memory contents
(addressed by HL)

Jump if no carry
Load A from memory
ncrement HL

Compare A with memory contents

© ® N o @

Jump if no carry

10, Load A from memory
11Increment HL

12. Load memory from A

13. HALT

Fig. 5. Actual programme to select the
largest of three numbers.

Notice that in order to address the
sequential data memory locations it is
convenient to use the 16-bit pair of
registers H and L of the c.p.u. This is set
up at the start of the programme (line 1
in Fig. 5) to contain the memory address
of the first number in the data list.
Consequently, as the other numbers
have to be accessed the HL address
pointer, as it is called, may be advanced
by one each time with a suitable in-
struction (lines 3, 7 and 11 in Fig. 3). An
alternative method would be to include
the absolute address of each number as
part of a suitable instruction at the
relevant parts of the programme. How-
ever, in this case it would have resulted
in a more inflexible programme and
would require additional memory loca-
tions for the 16-bit address values to be
stored in the programme.

The temporary store referred to in the
flowchart has been chosen to be the
accumulator register of the c.p.u. This is
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because in order to compare two
numbers, one of them has to reside in
this register. Therefore, unnecessary
data movements can be avoided if this is
used as the temporary store in this case.

Once the data address is set in the HL
register, there are instructions available
for loading the accumulator from
memory address by HL (line 2) and vice
versa (line 12). Also, other operations
such as “compare A with memory” use
the contents of HL as a memory address
(line 4 and 8). Remember that the com-
pare instructions work in a similar way
to a subtraction, in that if the memory
content is larger than the accumulator
content then a carry (or borrow) will be
generated, thereby setting the carry
flag. The “jump if no carry” instructions
will test this flag and decide whether the
accumulator contains the larger value
or whether it needs to be loaded into the
accumulator from the currently ad-
dressed memory location. Conse-
quently, before the execution of the
instruction at line 7 or line 11, the accu-
mulator will contain the largest value so
far.

Instruction mnemonics
Programmes are rarely written as
shown in Fig. 5 since it becomes very
tedious to write out all the instructions
in this form. The c.p.u. instructions are
commonly abbreviated as shown in
Table 1. Mnemonics are used for the
various types of instruction, e.g. load —
LD, compare — CP, jump — JP, incre-
ment — INC, etc. Also, the operands for
the instructions are specified by suitable
abbreviations for the storage locations
in which they are held, for example A,
HL, (HL).

These mnemonics are collectively
known as the programming language.
In particular they are the assembly
language of the Z80 c.p.u. Some com- .
puter systems have an ‘“‘assembler”
which is a special programme for
automatically translating the assembly
language mnemonics into binary
machine code.

Note that the parenthesis in the case
of (HL) means that the operand is not
actually the contents of the HL register
but the contents of memory “addressed
by’ the contents of HL. Note also that

Table 1 — Mnemonic coded programme with comments

Line No. Instruction
1 LD HL, 0900
2 LD A, (HL)

3 INC HL

4 CP (HL)

5 JP NC, LINE 7
6 LD A, (HL)

7 INC HL

8 CP (HL)

9 JP NC, LINE 11

10 LD A, (HL)

11 INC HL
12 LD (HL). A

13 HALT

Comment
Set data address in HL
Get 1st data byte into accumulator
Update address pointer
Compare 2nd data with 1st
Test carry flag
Carry, so put larger in accumulator
Update address pointer
Compare 3rd data with accumulator
Test carry
Put larger in accumulator
Update pointer
Store largest in memory
Halt c.p.u. at end of programme
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Table 2 — Machine coded programme listing

Line No. Address Machine Instruction mnemonic
1 0800 21 0009 LD HL, O900H
2 0803 7€ LD A, (HY
3 0804 23 INC HL
4 0805 BE CP (HU)

5 0806 D2 0A 08 JP NC, LINE 7
6 0809 7E LD A, (HU)

7 080A 23 INC HL

8 080B BE CP (HL)

9 080C D2 1008 JP NC, LINE 11

10 ) 080F 7E LD A, (HL)

11 0810 23 INC HL

12 0811 77 LD (HL), A

13 0812 76 HALT

for the jump instructions the addresses
of the instructions at lines 7 and 11
would, in practice, need to be inserted as
part of the jump instruction.

In order to make the programme
more readable it is good practice to
include comments as shown in Table 1,
indicating how the programme opera-
tions relate to the task in hand.

Finally, before the programme can be
entered into the computer’'s memory the
instructions must be converted into the
appropriate binary codes. This is done
by referring to the c.p.u.’s instruction
set details. At this stage it is also
necessary to allocate memory addresses
both for the programme and also for
any data which must reside in memory.

The r.a.m. of the microcomputer kit
(November 1977 issue, p. 45) starts at
address 800 (hex), this being the begin-
ning of the third 1K address block (De-
cember 1977 issue, Fig. 4). Consequently
this would be a suitable address at
which to store the programme. Four
data memory locations are also required
and so addresses 900 to 903 (hex) could
arbitrarily be chosen for these.

We are now in a position to generate
the machine code programme. Table 2
shows the resulting programme, indi-
cating the relevant memory addresses
for the instructions. Note that the
hexadecimal number system has been
used throughout. Where an instruction
requires more than one memory loca-
tion all the bytes of information have
been shown on one line and the memory
address of the next line is adjusted
accordingly. The Z80 c.p.u. requires that
whenever a 16-bit address is specified as
part of an instruction, the least
significant byte must be placed first in
the memory, followed by the most
significant byte.

Initially it is not possible to fill in the
jump addresses at lines 5 and 9 until the
memory addresses of the jump destina-
tions (lines 7 and 11) have been estab-
lished. So, on the first pass through,
memory locations must be reserved for
these values. Having established the
memory locations required, one can
then fill in the remaining memory
references. For example, the jump in-
struction at line 5 must contain the

address of line 7. Consequently the
value 080A must reside in memory
locations 0807 and 0808.

Running the programme

The following paragraphs illustrate
how the above programme may be
verified by running it on the microcom-
puter kit. A typical operational
sequence is given, starting with the
entry of the programme into the com-
puter's memory, continuing with
executing and verifying, and finally
making a permanent record of the pro-
gramme on cassette tape. In the discus-
sion which follows the display listing
produced by the kit is given. Those parts
shown in bold characters are those
which are typed by the user. The
remainder is generated by the system.
The reader should refer to Part 2 of this
series (December 1977 issue) for a de-
scription of the system commands.

The first step is to type the pro-
gramme into the memory using the M
command. Each byte of machine code is
entered starting from address 800. The
M command responds with the current
memory contents. The user must then
type a space followed by the new value
required. A carriage return then gives
the contents of the next memory loca-
tion on a new line and so on as shown
below.

o M 800

0800 00 21
0801 00 o0
0802 00 09
0803 00 7E
0804 00 23
0805 00 BE
0806 00 D2
0807 00 oA
0808 00 08
0809 00 7E
080A 00 23
080B 00 BE
080C 00 D2
080D 00 10
080E 00 08
080F 00 7E
0810 00 23
0811 00 77
0812 00 76.
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The programme memory may be
checked by using the “tabulate” com-
mand:

o T 800 812

0800 21 00 09 7E 23 BE D2 0A
0808 08 7E 23BE D2 10 08 7E
0810 23 77 76

Three data values must be entered in
addresses 900-902. These can be any
convenient 8-bit numbers and may be
entered with the M command:

o M 9500
0900 00 12
0901 00 34

0902 00 0Be

Everything is now ready for the pro-
gramme to be run. However, it is rarely
advisable to try to run the whole of a
new programme without any interven-
tion by the operator at any point since
even the simplest programme is likely to
contain errors initially. It is therefore
desirable to set a breakpoint at a con-
venient place, after a few instructions
will have been executed. A suitable
point is at line 7 (address 080A). A
breakpoint here will cause the pro-
gramme to stop before the INC HL
instruction is executed. At his stage of
the programme the accumulator should
contain the larger of the first two
numbers. The following print-out shows
the setting of the breakpoint, the start
of programme execution and the dis-
play of programme counter and accu-
mulator contents when the breakpoint
is reached.

e B80A
o E 800
080A 34

See that the programme has stopped
with the programme counter at address
80A as specified by the breakpoint in-
struction. This confirms that at least
some of the programme has indeed been
executed. The accumulator appears to
have the value 34 which is the larger of
the first two numbers. However, in
order to check that the programme
branches correctly it should be tried
again with numbers of different relative
magnitudes.

To check the next part of the pro-
gramme a breakpoint could be set at
address 812. This will ensure that the
final c.p.u. register states will be pre-
,served for examination if required. The
following sequence sets the new break-
point, continues programme execution
from the previous breakpoint, and dis-
plays the final programme counter and
accumulator contents.

e B8I12

o E

08012 34

° Continued on page 88
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Theamazing, |
automatic,_ .
Logic
Monitor
LIVl

Just clip it over your IC.
It instantly and accurately shows both

Try the LM-1 and

static and dynamic logic states, you won't know how
on a bright, 16-LED display.

It finds its own yquhever_ n'1anaged
power. without it!

It cuts out
guesswork,

saves time, and
eliminates the risk
of short-circuits.
LM-1 is suitable for all dual-in-
line logic ICs; DTL, TTL, HTL, CMOS;
upto 16 pins.
LED on=logic state 1 (high), LED off=logic ‘

state O (low), and each LED is clearly numbered /
1 to 16in the conventional |C pattern. : ;

h - J ‘/
Brief specification Applications
(nput Threshold 2V + 0.2 voits. Design, breadboarding, testing and
Input Impedar;?ce 500,1000 Ohms 15 ot checking new logic systems.
Input Voltage Range m\égiztmnal?rgg; an;/towg fDU]r:i'ft rqa|—'ume momtormg of logic it's Easy to Order
: ion in operating equipment.

or more input leads Long-term testing of individual ICs. Ring us (01-890 0782) with your
Maximum Current Drain 200mA®@ 10 volts Identification of unused elements, Access, Barclaycard or American
Maximum Input Frequency” 10,000 Hz 50% duty cycle| 1o find room for an extra gate, clocketc. ~ Express number and your order
Operating Temperature Range 0°C to 50°C Observing relationships between ICs will be in the post that night.
Weight 3ounces (85 grams) on different boards of multiple board Alternatively, send a cheque, or
Maximum Dimensions 4.0x2.0x 1.8 systems (you need more than one postal order (don't send credit

102x51 x 45mm LM-1 to observe simultaneously, cards!) and it still only takes a
‘LM-1 will respond to signals up to 0.1MHz when the input of course). few days.
signal swing exceeds the threshold voltage by more than Plus dozens of other uses. You'll find Otherwise ask for our complete
0.5 volts. them. catalogue.

Plus 8% VAT, plus post CONTINENTAL SPECIALTIES CORPORATION
and packaging, S— _
total £32.34 including box R
and instructionmanual.

CONTINENTAL SPECIALTIES CORPORATION (UK) LTD..  SPUR ROAD. NORTH FELTHAM TRADING ESTATE FELTHAM MIDDLESEX TW140TJ TELEPHONE: 01-8900782
REG INLONDON 1303780 VAT NO 224 8074 71 TRADE MARK APPLIED FOR « CSC (UK) LTD 1977 DEALER ENQUIRIES WELCOME TELEX: 8813669 CSCLTD
WW-—025 FOR FURTHER DETAILS
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Now ...
the next

generation of
bench DM Ms!

Two New Keithley Models offer uncompromising
performance and outstanding value!

@ Accuracy 3%2's can’'t match: 0:4% + 1 digit on dc
voits and ohms

@ Large, bright, 20,000-count LED display that's quick
and easy to read.

@ Convenient bench size that won't get “'lost’’ yet
doesn’t crowd

@® Exceptional reliability

P DIGHT AL MURT

Modet 178

Model 178 offers functions and ranges for
most measurement needs 100,V to 1200V
dc, 100,V to 1000V ac, 0-1Q 1o 20MQ.
Model 179 is a full-function, multi-feature model
offering the same advantages as the 178. Plus
TRMS AC; 10,V Sensitivity; Hiand Lo Ohms; AC and DC
Current Yet it's still half the price you'd expect. Only £199

Both models feature designed-in reliability

Rugged circuits use a minimum of parts — high quality, off-the-shelf
parts — carefully assembled and tested by Keithley.

Outstanding overload protection and rugged mechanical design keep
both units going even after severe abuse. One-year accuracy
specifications minimise recalibration costs

A battery option, user installable, gets you off "“line’" for critical
measurements or for field use

For complete specifications on the 178 and 179, call Keithley
Instruments, 1 Boulton Road, Reading. Phone 0734 861287

KEITHLEY

The measurement engineers.
WW—039 FOR FURTHER DETAILS

A range of communications
amplifiers having power
ratings from 15 to 200 watts,
plug-in input facilities ensure
individual requirements can
be provided.

Manufacturers of
sound systems
and electronics

Station Road, Wenden
Saffron Walden
Essex CB11.4LG

Saffron Walden
(0799) 40888
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A basic radio telescope — 2

Construction, performance and testing

by J. R. Smith

WHEN NO SIGNAL coherent with
the square-wave generator is pre-
sent the noise blocks are symmetric-
cal about the zero line and the mean
d.c. output is zero. If the signal
and the square-wave are coherent the
noise blocks are not symmetrical about
the zero line and the d.c. output appears
with a polarity dependent upon the
phase of the noise blocks with respect
the square wave. Integration of the
output signal is carried out by a RC
circuit. The time constant is adjusted by
a variable 2MQ resistor and the capaci-
tor is selected for low leakage. The
maximum time constant obtainable is
20 seconds. The d.c. amplifier consists of
a bootstrapped pair of transistors with
'some carefully matched devices to pro-
vide an acceptable temperature
stability. Field effect transistors are
used for the input stage to provide a
high input impedance which permits a
long time constant. To obtain an equal
mark-to-space ratio, an asymmetrical
astable multivibrator is used to drive a
divide-by-two monostable multivibra-
tor, see Fig. 8. Buffer transistors provide
low impedance outputs, and normal or
inverted square-wave outputs at IkHz

Fig 8. Square-wave generator

are available as required. Early trials
showed that these outputs require
filtering to prevent radiation of r.f.
fields. Values for r.f. chokes and capaci-
tors are best found by trial and error,
but excessive filtering degrades the
shape of the square wave. The 12v
power supply must be stable to within
5mV. As the total load current is about
55maA dry batteries can be used for short
periods or a car battery for longer
periods. With the last mentioned the

-voltage should be stable, after a charge,
if it is partially discharged before use by
about 5%.

The values of most of the com-
ponents are not critical although high
stability resistors are used in potential
divider circuits and the d.c. amplifier.
Radio frequency chokes are made by
winding between twenty and thirty
turns of enamelled wire on polythene
tubing of 5mm in diameter. The i.f.
chokes consist of twenty to thirty turns

Measured performance of various stages

Stage V,when / to Noise

/is0 double factor

V\A

v mA No dB
Aerial
amplifier 037 a7 5.7 6.7%
and coax
Frequency
changer  0.15 14 15 1.5
Fitter 0.2 - - -
1t
amplifier  0.12 5 6 1.1

Noise
figure

Iy dl, Stage gain

v, v

mA mA per Absolute  dB

v v

08 8 16.2 12
0.1

13

0.1 130 13 10.5
38 L

0.03 1270 28 —145
45

0.1 45 105x10° 702

— Multivibrator

* A 3N140 f.e.l. should achieve a noise figure of 4dB. Some
improvement in gain should also be possible.

V,is the detector voltage. Output power is assumed te be
proportional to 1/ because a square faw detector is used.

< hy2 Drivers

/,is the diode anode current. The diode resistor is'5042 and
the voltage gain of the d.c. amplifier is 18.5 (absolute).

82k %5\)&

2kHz

APProx

(0-4V)

>_| (4-5V)
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:: 1000u
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wound and glued onto OBA ferrite
slugs. A ImA recorder that can be
centred or end-of-scale zeroed is used
with a chart speed of one inch per hour
for most observations.

Noise diode
A valuable piece of test equipment is the
valve noise diode, Fig. 9, which pro-
duces signals of a similar character and
strength to a celestial radio source. The
diode is modulated by supplying 240V
a.c. to the anode while the detector
output is fed to the Y plates of an
oscilloscope. The X plates are fed from
240V a.c. through a phase adjuster.
With the diode connected to the input of
the correctly tuned aerial amplifier or
i.f. amplifier a display similar to that
shown in Fig. 9 is obtained. The left
side of the trace corresponds to the
receiver noise, and the right side to the
receiver and diode noise. The system is
adjusted to produce the largest dif-
ference between the two. The noise
diode can also be connected to a dipole
aerial which in turn can be placed near
an aerial which requires adjustment for
best performance. In this case, a pair of
headphones is connected to the detec-
tor. The modulated noise can then be
heard and adjustments made to produce
the loudest buzz.

Because the noise diode operates at a
high voltage, all exposed metal, in-
cluding the dipole, must be correctly

Fig. 10. Pen recordings from the
telescope used in the phase switched
interferometer mode. Portion (a) shows
Virgo A, galaxy M87. (b) Hercules A, a
galaxy 1500 million light years distant.
(c) Taurus A, Crab Nebula. (d)
Cassiopeia A, a super nova reminent.
(e) Cygnus A, a galaxy 600 million light
years distant. (f) active sun.

(a)
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Phase
adjuster

Fig. 9. Noise diode test circuit and

typical oscilloscope display of a.c.
modulated noise.

earthed. As the centre point of the
folded dipole is at an r.f. voltage node,
this point can be bonded to the earthed
box without affecting the r.f. perfor-
mance. All mains earthing leads must be
made as secure as possible, and a one
amp fuse should be placed in the mains
line lead. Similar precautions are
necessary for the transistor equipment
when running from a mains operated

(b)

/ ® © I.. 3 EST
| | |
LIAVAVA
| |'

I-II |

(e)
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power supply. Fig. 10 shows some
typical results. The voltages given in the
circuit diagrams were measured with a
meter having a 100k resistance. The i.f.
amplifier gain was determined from the
noise diode output corrected for the
difference of the if. 4AMHz bandwidth
and the 0.5MHz filter bandwidth,
divided into the change of the detector
output power. []

(c)
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Keyboard switches only 300 X 135 X 445mm, and exceptional performance and
A high-

Low-profile keyboard switches,
from Osmor Moulded Products
Ltd, are available individually or
they can be supplied mounted as
complete keyboards to cus-
tomers’ specifications. The
switches. which have a life of 10
x 10" operations, are only 0.45in
(11.45mm) high and they have

integral tops which are available
in a range of colours. The switch
contacts, s.p.s.t. n/o, are gold-
plated phosphor bronze with
cross-bar switching reliability
and are rated at 2.5W (50V,
50mA). Osmor Moulded Pro-
ducts Limited, 75 Bensham
Grove, Thornton Heath, Surrey.
wWWw 301

T.w.t. amplifier

The AF161P is a travelling wave
amplifier unit which has been
designed for incorporation in
ground-based microwave landing
svstems in the 5.00 to 5.25GHz
frequency band. The unit uses
an easily-replaceable miniature
t.w.t., and together with the
associated power supply, manual
and remote control facilities, and
monitoring and protection de-
vices. This unit, which is de-
signed to fit a standard 19in rack,
meets all the requirements of
both the Doppler and scanning
beam systems specifications for
military environments and has a
c.w. output power of 20W. ITT
Components Group, Electron
Device Product Group, Brixham
Road, Paignton. Devon.

WW 302

15MHz oscilloscope
The PM3211 oscilloscope, from
Philips, is a 15MHz, 2mV instru-
ment having a 8 X 10cm screen.
It is a compact unit, measuring

because of its construction and
the use of i.cs in the amplifier
stages, its down-time on mainte-
nance and repairs is low. In com-
mon with other Philips
oscilloscopes, the PM3211 meets
the IEC standards 348 class 11 or
VDE 0411. Consequently, no
earth connection is required and
measurements can be made in
safety without earth loops and
hum influencing the results.
Triggering can be in an auto
mode or in level-set modes and
multisourced, eliminating the
need to change probes. Channel
B can be used as an X input or it
may be inverted, giving an A-B
mode, to allow maximum advan-
tage to be taken of the 2mV sen-
sitivity. Pye Unicam Limited,
York Street, Cambridge.

wWWw 303

Microwave
spectrum analyser
The 7L18 microwave spectrum

analyser, from Tektronix, is
claimed to offer a combination of

n,«.,w
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ease of operation.
stability phase-lock system yields
a resolution of 30Hz at frequen-
cies up to 12.5GHz, while exter-
nal waveguide mixers extend the
overall frequency range up to
60GHz. In addition, the 7L18 in-
cludes microprocessor-aided
controls, a split digital-storage
system, and y.i.g.-tuned filters for
a spurious-free display from 1.5
to 18GHz. The instrument is a
three-module wide plug-in unit
for the Tektronix 7000 series of
modular instruments. External
waveguide mixers extend the
frequency coverage to 60GHz
with a response flatness specified
at =3dB or better. The stability
resulting from the phase-lock
circuitry, measured in terms of
residual frequency modulation, is
specified as 10Hz or less up to
4.5GHz (about four parts in 107).
A split memory allows the com-
parison of a reference with an
existing spectrum, or a calculated
display of the difference between
two spectra. The storage circui-
try includes a maximum-hold
capability that allows frequency
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or amplitude signal variations to
be monitored. The mocroproces-
sor provides automatic resolu-
tion and sweeptime/division
modes to optimise setting up the
display and reduce operator er-
rors. The instrument can also be
converted to a high-quality
microwave receiver for time-
domain measurements by setting
the frequency span to zero and
using the calibrated time base.
Tektronix UK Limited, Beaver-
ton House, P.O. Box 69, Harpen-
den, Herts.

ww 304

Motorized
potentiometers

Precision, motorized poten-
tiometers, announced by F.5.G.
(UK), are available in a variety of
constructions enabling the drive
motors, gears and potentiometer
types to be selected to optimise
performances for particular
applications. Typical uses for the
potentiometers would be found
in slave systems for bridges and
compensation circuits, in the
measuring systems of indicators,
recorders and signal converters
and in analogue computing
circuits. They can also be applied
to signal stores and delay units.
Accessories such as switches,
wiper return mechanisms and
impulse devices can also be fitted.
F.S.G. (UK), 16 Conolly Road,
London W7 3JW.

WW 305

www americanradiohistorv com



www.americanradiohistory.com

86

WIRELESS WORLD, MARCH 1978

Low-cost soldering

The Adcola Unit 333
temperature-controlled soldering
iron operates direct from an
existing transformer or 24V
alternating supply. It is a 50W
iron, based on the Model 101, and
it has a thermocouple sensor
providing a temperature accu-
racy to within *+2% of the dial
temperature, which ranges
from120 to 420°C. The dial can be

WW 306

locked in any position for the
desired iron temperature. Iron
plated or copper soldering bits of
the plug-in type are retained by a
stainless steel shim. A pulsating
neon light indicates when the
operating temperature has been
réached. Adcola Products
Limited, Adcola House, Gauden
Road, London SW4 6LH.

WW 306

Radio-telephone

test set

A compact, lightweight test set,
the Teleset C, is intended for f.m.
and a.m, v.hf and u.h.f. radio
telephone systems. It provides
facilities for high-accuracy
measurements by incorporating
the functions of a signal genera-
tor, a frequency counter, a
modulation meter, an r.f. watt-
meter, a digital a.c./d.c. vol-
tohmmeter and an a.f. generator.
The r.f. generator provides a high
stability signal over the range 25
to 520MHz, and may be
modulated internally or exter-
nally. Accurate if. testing is pos-
sible using three preset crystal-
controlled frequencies which are
push-button selected. The a.f.
generator has a range from 30Hz
to 30kHz and the counter covers
af. and r.f. with a frequency
range from 10Hz to 520 MHz.
Direct reading measurements of
r.f. power can be made over the
range 0.1 to 25W on the standard
equipment and up to 50W on an
alternative version. Aspen Elec-
tronics Limited, 2 Kildare Close,
Eastcote, Middlesex HA4 9UR.
WW 307

Precision wattmeter
The D4000 wattmeter, produced
by Norma Messtechnik of
Vienna, is now available in

the UK. This instrument offers a
wide range of power measure-
ments combined with an overall
accuracy of *0.1% from 45 to
65Hz, and +0.2% from 15 to 45Hz
and 65 to 400Hz. The built-in
current and voltage ranges are
selected by switches on the front
panel and measurements in the
range 0.IW to 5.5kW can be made
without additional accessories.
The current ranges are protected
up to 20A continuous and the
voltage ranges up to 650V, with
overloads being indicated by
l.e.ds. The display is a 4'%-digit,
12mm-high 7-segment t.e.d.
showing both the sign and unit of

-measurement. Since the instru-

ment is a double wattmeter,
measurements of active power in
both single and three-phase,
unbalanced-loaded three-wire
systems is possible. Current and
voltage transformers are avail-
able for extending the measure-
ment range. Cropico — Croydon
Precision Instrument Company,
Hampton Road, Croydon CR9
2RU.

WW 308

Coaxial switch

A high-reliability transfer switch
introduced by Transco Products
Inc., is suitable for the remote
switching of coaxial r.f. lines car-
rying signals from 0 to 18GHz.
The switch, which was designed
to meet the environmental

WW 309

specifications for space applica-
tions, has a latching action and
operates by means of a balanced
rotor actuator having a current
requirement of only 75mA at a
direct voltage of 28V. 1t is fitted
with SMA connectors, and has an
insertion loss of only 0.2dB. The
switch is capable of withstanding
sinusoidal vibrations of up to
100g at frequencies from 100 to
1000Hz. Aspen Electronics
Limited, 2 Kildare Close, East-
cote, Middlesex HA4 9UR.

WW 309

Helical antenna

The model ASO-1560A is a spiral
helix antenna suitable for the
frequency range 0.5 to 18GHz. It
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provides circularly polarized po-
lar patterns over more than five
octaves within a package which
is only one-tenth of a wavelength
in diameter at the lowest
operating frequency. The an-
tenna is suitable for airborne
amplitude-comparison, direction
finding systems, broadband dish
feeds, or any other application
where broad frequency coverage
is required in a small package.
American Electronic Labora-
tories Inc., P.O. Box 522,
Lansdale, Pa. 19446, USA.

wWw 310

Low density resin
A very low density, single-part,
casting resin, designated the
Stycast 1091, has been formu-
lated as a result of customer de-
mand. The resin, from Emerson &
Cuming, is supplied as a liquid
which is cured, at an elevated
temperature, into a tough, rigid

WW 311

solid. It has a good seif stability
and will withstand much higher
temperatures (200°C) than other
one-part systems, according to
the makers. Typical applications
for this material are encapsula-
tion in airborne systems, and for
‘providing buoyance in under-
water systems. Since it is a syn-
tatic foam, it has a very low water
absorption rate, even at great
depths. Other properties include:
a specific gravity of 0.62, a ther-
mal conductivity of 0.83
cal.cm/s.cm?.°C, dielectric con-
stant at IMHz of 1.91 and a dis-
sipation at 1MHz of 0.012. Emer-
son & Cuming (UK) Limited,
Colville Road, Acton, London.
WWw 311

Thumbwheel

switches

Three ranges of thumbwheel
switch, made by Digitran
Endevco, have been introduced
to offer users switches which
incorporate l.e.ds for illumina-
tion. The switches have a min-
imum life of one million opera-
tions, and they are claimed to
have a more uniform illumination
level than switches with incan-
descent lighting. The 43000 series
consists of 0.5in-wide rear-
mounted switches, the 44000
series of rear-mounted 8mm-
wide switches and the 45000
series of front-mounted 8mm-
wide switches. The switches are
available with “white” or red
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lighting, or no illumination at
all. They have ten switch posi-
tions and include types for popu-
lar standard codes such as
single-pole decimal, b.c.d., comp-
lement of b.c.d., b.c.d. true/not-
true, s.p.d.t., nine's complement,
complement of nine’s comple-
ment and nine's complement
true/not-true. The thumbwheel
switches are rated at 28V, direct
or alternating, 50mA resistive at
25°C. Contact resistance is less
than 100m¢. Digitran-Endevco
UK Division, Back Road, Mel-
bourn, Royston, Herts SG8 6AQ.

wWWwW 312

Transformer bobbins
The Michael range of high-
insulation transfer bobbins and
accessories from Germany, has
been made available in the UK.
These products include
reinforced plastics bobbins and
coil covers, solder tags and pins,
and injection-moulded encapsu-
lation covers. The basic range
meets BS, DIN41.307 and
VDEO0551 specifications and, if
the coil covers are used to totally
enclose windings, it is claimed
that these specifications can be
greatly exceeded. Bobbin sizes
available are suitable for minia-
ture pulse transformers and
transformers having VA ratings
from 1 to 80VA. These products

wWw 314

are available ex-stock from Albol
Electronic & Mechanical.Pro-
ducts Limited, 3 Crown
Buildings, Crown Street, London
SE5 OJR.
wWWw 313

‘Hot’ mains plug

A ‘hot’-condition, non-rewirable
mains plug, designated the L1958,
and a matching inlet, the L195%

both conform to [EC 320 require-
ments for use with electrical

appliances such as kettles and
heat trays. The units, from Bel-
ling & Lee, which are rated at
10A, 240V alternating, are avail-
able in p.v.c., silicone, and
cotton-sheathed types. Both
units can be supplied as separate
components with cables cut to
customers requirements. Belling
& Lee Limited, Great Cambridge
Road, Enfield, Middlesex ENI
3RY.

WW 314

Low-profile rotary

switch

The makers of the low-profile,
Elma 08 rotary switch claim that
it can greatly improve packing
density when p.c.b. mounted. By
staggering the switch wafers, a
spindle spacing of 18mm can be
achieved, and the switch can be
adapted to suit most p.c.b.
layouts having pitches of 2.5 or
2.54mm. The wafer spacing is
infinitely adjustable and the
switches can be supplied either
assembled or in pieces. There is a
choice of gold or silver contacts
with up to four switching circuits
per wafer, twelve shorting or
non-shorting positions and a
fully-adjustable stop. Radiatron
Components Limited, 76 Crown
Road, Twickenham, Middlesex.
WWw 315

Continued from page 46

Menzel & Sasse KG
Mepco/Electra Inc.

Miles Roystone

Millivac Instruments Inc.
Miteq Inc.

Miyakawa Trading Co.
Monroe Calculator Co.
Monsanto, ESP Div.

Moore and Wright (Sheffield)
Muirhead Vactric Components

Neff Instrument Corp.

NF Circuit Block Design Co.
NH Research Inc.

Neill (Sheffield), J.

Neohm (UK)

Neptune Measurement
Newtronic Controls Intern’l
Nicolet Instruments

Nicolet Scientific Corp.
Norbro

Normalair-Garrett

Ohm R. Electronics GmbH
Oldham and Son
Olman Instruments

Panduit

Papst Motoren KG

Parimpex

Parmeko

Partex, A. B.

Penny and Giles Data Recorders
Pepperl & Fuchs

Plasmoulds

Platon, G. A.

Plessey Semiconductors

Precision Monolithics Inc.
Prefag Carl Revoir GmbH & Co.
Printed Motors

Process Measurement Systems
Proper Equipment

Pulsetek

Pye Ether

Pye of Cambridge

Quiller Components

R.D.P. Electronics

RKB Precision Products

Racal Group Services

Radio Resistor

Raytheon Semiconductor
Reliance Gear Co.

Riken Denshi Co.

Rochester Instrument Systems
Roxburgh Electronics

SE Labs (EMI)

Sanford Corp.

Hans Schaffner AG (Instr. Div.)
Schleicher Export GmbH
scientific Instrument

Seatham Instruments
Semiconductor Specialists (UK)
Semikron UK

Semtech

Sensors and Systems

Sepkarn

Setpoint

Siegert Widerstandsbau GmbH
Sifam

Sirco

Sirena SpA

Smith Meter Systems Div. —
Geosource UK

Solid State Controls
Sonnenschein Accumulatorenfa-
brik GmbH

Souriau (UK)

Southern Transformer Products
Struthers-Dunn Inc.

Superlfexit

Superior Electric Eng.g. Serv. BV
Swiss Instr.& Components
Swissap Equipment

Switchcraft Inc.

Syace

Symonds, R. H.

Symot

Syntest Corp.

TDS Circuits (Blackburn)
TEM Sales

Takbro Industrial (London)
Tandberg (Data Div.)
Tape Recorder Spares
TEC UK

Techna International
Techni Measure

Tekflo

Teko S.A.S.

Tel-Tru Mfg. Co.
Tempatron

Thorn Automation
Thousand and One Lamps
Tierway (Vega UK)
Tokyo Keiso Co.

Torin Corp.

Tormo

Toshiba (UK)

Townsend Coates
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Tri-Phenix Electronics
Trident Engineering
Trio Laboratories
Trumeter Co.

Tucker Fasteners
Turner Electronics

Unimax Switch
Unitra

Vectron Laboratories Inc.
Vega-Grieshaber KG
Vero Electronics

Vero Systems (Electronic)
Verospeed

W. Controls

Wallis Electronics
Watanabe Instruments Corp.
Watson's Anodising

Weber AG

West Hyde Developments
Westinghouse Electric
Weyfringe

Wheelwright Griffiths
Widney Dorlec

Wika Pressure Gauges (UK)
Williams, Henry

Zeal, G. H.
Zeiss Jena, Veb Carl
Zeta Research Inc.
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The accumulator contains the value
34, which suggests that the programme
is working correctly since this was the
largest of the three numbers.

To finally verify the correct opera-
tion, memory address 903 should be
examined.

o M 903
0903 34°e

If for any reason the programme had
required changing, this could be
accomplished with the “modify” com-
mand again. For example, if we wish to
select the smallest rather than the larg-
est of the numbers, this can be achieved
by changing the *“‘jump if no carry”
instruction to a “jump if carry.” This
involves changing the JP NC,... (op
code D2) to JRC, ... (op code DA), e.g.

o M 806

0806 D2 DA o
o M 80C

080C D2 DA’

The programme could now be
executed again in a similar manner to
that shown above.

Finally, to keep a permanent record of
the programme it can be saved on tape
by the “dump” command. This also
produces a display of the saved infor-
mation.

e D 800 812

0800 21 00 09 7E 23 BE DA 0A
0808 08 7E 23 BE DA 10 08 7E
0810 23 77 76

At a later time the programme may be
quickly re-loaded into the memory with
the “load” command.

oL

These examples have illustrated some
of the fundamental principles and
implications of writing programmes for
amicrocomputer or any other computer
system. However, much more detail
than can be given here is required in
order to get a greater appreciation of
the programming facilities offered by
the c.p.u. and the techniques for ex-
ploiting these facilities. Future articles
will go some way to explain these very
important aspects of microprocessor
system design.

Reference
The Z80 c.p.u. Technical Manual 0

Owing to production difficulties the
remainder of Dr Shelton’s articles on micro-
computer hardware have had to be post-
poned, but will be resumed as soon as pos-
sible.
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All Finniston’s persons

THE first meeting of the committee of inquiry
into the engineering profession, chaired by
Sir Monty Finniston, took place on De-
cember 20 at Great Smith Street, London.
The names of its members, announced a few
days before, were: Catherine Avent, careers
guidance ILEA; W. Buckley, Warrington
technical college; T. Crispin, T & GWU; H.
Darnell, British Steel; J. Dawes, ex-Rolls
Royce; J. Dickinson, North Staffs polytech-
nic; J. Horlock, Salford University; W. Howie,
New Civil Engineer; B. Lindley, ERA; H.
Macdonald Smith, Army; W. McCall, In-
stitution of Professional Civil Servants; J.
Menter, London University; H. Nelson, Ran-
some Hoffman Pollard; J. Powell, EMI; E.
Sadler, Ove Arup Partnership; D. Weir, Scot-
tish Business School; J. Wilson, Tayside
Region.

The secretary to the committee is Mr M. V.
Boxall, who will accept submissions at Abell
House, John Islip Street, London SWI.

Dr Powell’s career has led him to the
Clarendon Laboratories, Oxford University,
Ottowa’s National Research Laboratory,
Marconi, where he worked on semiconduc-
tors, and Texas Instruments, where he
moved from engineering to management. He
joined EMI in 1974.

An article in the journal of the Institution
of Production Engineers points out that,
surprisingly, none of their members is
represented on the committee. “Apparently
eschewing the talents of MIProdEs, the
committee includes seven educationalists, a
magazine publisher, a civil servant, a trade
unionist and four industrialists.” The list
does, indeed, have the look of a fairly typical
selection from the Book of the Great and the
Good, and one would have thought the civil
service is going to have quite enough in-
fluence on the committee’s work without
putting one of its members on the committee
as well. []

Defence research spawns commercial success

THE 1977 MACROBERT award has gone to a team
of five who developed a device, the Malvern
correlator, which uses lasers to measure flow
rates. The range of applications is said to
extend from the flow of blood through the
blood vessels at the back of the eye, the only
non-invasive method of doing this, to the rate
of flow of gases through an engine.

Four of the winners come from the Physics
group of the Royal Signals and Research
Establishment, Malvern, and the fourth is the
managing director of the firm which pro-
duced a commercial version of the device,
Malvern Instruments Ltd.

The instigator of the project was Dr Roy
Pike, one of the RSRE team, who was en-
gaged in a study of the structure of light. In
particular, they wanted to study laser light.
The laser had only just been invented and
few uses had been found for it. They reasoned
that once they understood the nature of what
came out of the laser it might be put to
practical, probably defence, use.

They began to concentrate on the meas-
urement of the characteristics of laser pho-
tons. The flow measurement technique stems
from that. A laser beam is split into two
beams, which converge in the centre of the
flow. The optical fringes formed by the
interference of the two beams, when
observed at the other side of the flow, are
disturbed by the flow particles. This disturb-
ance, or scattering, is caused by the photon
pulses bunching together as the particles
move through a light area of the optical
fringes. The intensity distribution of the
fringes therefore gives a guide to the particle
velocity. The periodicity of the pulse train is
measured by auto-correlation technique —
multiplying the pulse train by many time-
delayed versions of itself.

One of the team, Mr D. S. Trudgill, left
RSRE in 1971 and with help from the NRDC,
set about making a commercial version of the
equipment. The firm of which he is now
managing director, Malvern, started selling
them in 1972 and last year won a Queen’s
Award. The firm has 35 employees compared
with the six it had when it began. They have
sold over 200 Malvern correlators.

The MacRobert award is the most pre-
stigious in UK engineering. It is worth
£25,000 and a day at Buckingham Palace,
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where Prince Philip presented the awards at
a private ceremony just before Christmas.
The chairman of the CEI, which sponsors
it, Sir Charles Pringle, reminded those who
gathered after the presentation that no
award had been made last year for lack of

-entries of a high enough standard. This year,

however, there had been a number which
would have been eligible, and the problem
this year had been one of selection. Perhaps
the absence of an award last year had given
the MacRobert prize a shot in the arm. [

IN BRIEF

Marconi are to supply tv signal monitoring
equipment for the studios broadcasting the
1980 Moscow Olympic Games.

Ferranti have bought linear i.c. makers
Interdesign of California.

EMI have a new company, EMI Industrial
Electronics, to co-ordinate the £50 million
worth of business they conduct in that area.

Voice of America have installed a short wave
dipole curtain aerial array at their Delano,
California, relay station. The aerial operates at
250 to 500kW with 100% modulation on
49m, 40mand 31m. It was supplied by TCI.
Satisfactory signals have been received in the
Philippines.

The Ministry of Defence have bought 400
u.h.f. radio relays from Marconi, nearly four
years after a £7.6 million order for the
equipment. The present order, for Triffid
transportable equipment, is worth t1 2 million.
Triffid is a modification of a designiby
Siemens and AEG for the Netherlands, and
will work in the Ptarmigan network (WW Sept.
77, page 49).

A contract to install 470,000 new lines to the
Saudi Arabian automatic telephone system has
been won by the Philips/Ericsson / Bell

Canada consortium. The project will take three
years. Philips and Bell will install the
equipment, worth $ 2 million, and Bell wiil
maintain it for five years.
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WITH ANTEX
SOLDERING
IRONS...

plated steel spring and is
suitable for all our models
Priced at £1.75 inc. VAT & P&P

With the new Antex soldering stand
you have the assurance that with the iron
tucked neatly into the strong angled
spring coil you have maximum safety
when preparing or waiting for the iron to
heat. Moulded into this stand is provision

Stand S.T.3
-has a chromium

Our comprehensive range is sure to meet your need.

for six alternative bits, and two small
sponges for cleaning bits.

This sturdy plastic stand is a useful
addition to any household or workshop.
The SK3 and SK4 kits comprise of a full ,
instruction card mounted with either the
CX miniature soldering iron or the larger
X25 general purpose iron. included in
both of these kits is the safety stand.

All the range of Antex soldering irons
are made on the principle of putting the
heating element inside a shaft, then the
desired bit is eased over the shaft, giving
maximum heat transference, this is why
so often a small Antex iron can do the job
of a larger conventional iron. The
precision made slide on bits are slit to
make them easily interchangeable.

~ Model X25-25 watts | -

Model SKC3 KIT

Model SK4 KIT

Model SK1 KIT

: D Model CX-17 A I ontains
) general pur- both the This kit contains a
: 1[ CHLE 1 pose iron also R, model CX 3 q With  the 15-watt munature
! a mimature ron with a ceramic -'mr sglderlng | licrrras model X25 soidernng iron, com-
| with the element and steel shaft to | iron and the Xt el general plete with 2 spare
4 enclosed first in a give you if‘ T stand et PUTPOSE sltr‘wllzsa:dcglézgézfel?e‘r‘Hao\r:ve?g
) ceramic shaft, then A, toughness com- | & S 1.3 iron and the solder  Price £6 18 inc VAT & P&P
I\? sla;lnlelssks;eel IH bme'd with near- Priced at E.Tdii stand _
irtually leak-tree il pertect Insu- £5 62 " n \.}1;:#. [ETEEE
| Only 7%"" long | tation Fitted with 5 makes an B.E.A B. Model MLX KIT <
! Fitted witha 3/32"" s'' bitand priced oncallons safety label. The soldering iron in this o \'\w
i bit £3.91 inc VAT | at£3 91 inc VAT present for this kit 1s a kijcanloefoperatediiio DN NI S
' & P&P Ra (5 & P&P R f s must any ordinary car battery
i nge o ange o il the radio oo (el it1s fitted with 15 feet
H other bits available 3 4 other bits avail- amateur, very too flexible cable and battery chps Packed in a
| from %’ down to able Tmodel- kit in the strong plastic envelope 1t can be left in a car, a
3/64" | B.EASB. Y maker or home boat or a caravan. ready for soldering in the
I APPROVED b\ | e field Price £4 59 inc VAT & P&P
N ——— 8
Stocked Dy miost of *he well known wholesa ers ! LB B N &R N N &R B _§ B BN B _ N N N N _ §N §B ]

ANy retalers O ditoct tram ge 0 00 e disper gte

Please send the following .. ..

I Please send the ANTEX colour brochure

WW—100 FOR FURTHER DETAILS
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| enclose cheque P.O Giro No258 1000
Name ... . .. .
Address
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MINIATURE PLUG-IN RELAYS (with perspex dust cover and base) 24-48v D C in
stock
2 pole c/0 60p 6 make 60p 4 postc/o 75p P&P 10p.

FIBREGLASS COPPER-CLAD BOARD

Gx4¥2x 1/16in 40p P&P 10p

9x6x1/16in 50p P&P 15p

12x9x1/16in £1 P&P 20p

Double sided Y2p per sq in extra

MAGNETIC COUNTERS

3 Digit Reset (240v A V) £1 75 P&P 25p

Reset (24v D.C)) £4 P&P 25p

Non-Reset (24v. D.C.) £1 P&P 25p

Non-Reset (240v A C) £1.50 P&P 25p

MULTICORE CABLES

4 CORE RIBBON (RAINBOW) CABLE 4 — 10/ .2m m

Forming "an wide stnp 10m—75p 50m—£3 100m—£6 P&P 1p per metre

8 CORE RIBBON (RAINBOW) CABLE8 x 14/76

Forming Y2in wide strp 10m —€1 50 50m—£6.50 100m—£12. P&P 1p per metre
10 CORE CABLE 10x 7/76 (10 colours) P.V.C

OD 7mm. 10m—£2 50m—£8 50 100m—~£16. P&P 2p per metre

12 CORE SCREENED CABLE 12 x 14/76 with outer screen —P V C covered O D
9m m

PPN N PP SN
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" PEAK PROGRAMME AND DEVIATION MONITORING

FOR MONITORING MONO OR STEREO
LEVELS there 1s nothing 1o quite match the easy
perceptibiity of pointer instruments One of the
prncipal reasons for this 1s that the meter display
moves in an arc while most other things tn the
operator's field ol view are straight lines Combine
this with fast but defined attack. slow fali-back,
uncluttered logarthmic scaling and a white painter
on 3 matt black background and it s a peak programme
meter The coaxial red and green pointers of the
. TWIN movement offer a unique way of monitoring
stereo programme  £rnest Turner 642 643 TWIN.
tiush mounting adaptors and iilumination kits
available trom stock

circunt under licence trom the BBC
Meets IEC268-10A draft BS5428
CHART RECORDER
By itself records on (nkless paper scaled 1-7 and
0 100KHz to PPM standards Left right. sum
difference or paek of either and. with the above unit.
charts Peak Deviation
The unit holds the true peak ampitude applies this
slowly 1o the pen to avoid overshoots holds to make
a mark and then runs the pen down slowly This is
arranged 10 give correct monmitoning of transients as
well as a good impression of dynamic range Used in

PEAK DEVIATION METER

A rack-mounting unit for monitoring mona or stereo
stations durning programme, either off air or at the
transmitter
It consists of
—an illuminated meter with deviation calib-
rated i KHz, percent and decibeis
—switchable +20dB sensitivity for accurate
tevel readings of stereo pilot tone or controf
signats
—a hugh impedance probe head which attaches
10 a monitor recerver

accurate 75KHz deviation with 400Hz and

53KHz modulanon
The peak detector has a very fast attack time, so
checking on Limiter spikes or other transients which
could occupy an excessive bandwidth Meter
pallistics are detined and the fallback rate 1s as a peak
programme meter |f several meters are used
together then only one need have the deviation
standard Itted The TmV at 100MHz {70MHz. OIRT}
1 also useful when modulated by 400MHz for setting
up receiver and decoder output levels as this
frequency 1s not affected by pre-emphasis Without
the dewiatton standard and probe head the merer 1s

broadcasting for 24-hour records of levels or
at or on ines used for measuring the levei of mono or muttiplex at

transmnters

SURREV ELECTRONICS, The Forge, Lucks Green, Cranleigh. Surrey GUG 7BG - STD 04868 5897

PP W N NS

10m—£4 50m—£18 50: 100m —£35 P&P 2p per metre

16 PAIR RIBBON CABLE 16 x 2 core P.V.C

Double sheathed forming 2in wide strip

10m —£3. 50m —£13.50 100m —~£25 P&P 2p per metre

E.H.T. MODULES (Resin encapsulated in metal box) —=

Input 240v 50 hz Type 1 O/P 8kv @ 15 watts £8 75 P&P £1 I‘"GH OUAL'TY - e e - N
\

Type 20/P 13 7kv @ 7 watts £10 P&P £1
P.C. EDGE CONNECTORS Low D|STOHT|0N N
OSCILLATORS : “

32 way {.1 pitch) fimshed ends 40p P&P 10p

56 way {. 1 pitch) cuttable 65p P&P 15p

64 way ( 1 pitch) cuttable 75p P&P 15p )
An ideal signal generator tor

testing hi-fi systems

AJ L Linsley Hood design

P o g

| :
"
) 0
) "
: :
) "
) 0
) $
: PPM2 stondard performance drive —an FM calibration standard. producing :)
)
) ¢
) $
I i;
)
4
: :»
)
4 1’
) 1'

PP PP PP PP

64 way gold plated pins $0p P&P 15p
Mounting piltars for 56 /64 way 15p per pair.

‘DRYFIT" RE-CHARGABLE BATTERIES (Lead/ Acid)
Ex Equip Good condition, tested

6v @6 AH. £3 50 P&P 75p

6v@ 7 5AH. £4 00 P&P 75p

TELEPHONE HANDSET WITH “PRESS TO SPEAK” SWITCH
New Stock £1 50 P&P 40p

STABILISED POWER SUPPLY (ADVANCE PM24)
2x4—-15volt @ 3 amp (gives 4-30v) £17 50 P&P £1 50

J. B. PATTRICK

191/193 London Road
Romford, Essex RM7 SDJ
Romford 44473

Kit price, £19.50. Made and tested, £23 (+ tax at 8%)
p.p. and insurance £1.00

Specitication — Frequency range: 10 Hz-100 kHz in 4 steps |
AQ113—Distorion UZ2% Attenuator
Output, 10mV-1V in 3 steps. 600 omhz

Sine/Square waveforms 9 volt battery .
£24+8%
£26+8%

£14.50+38%

Same spec. but push button freq. selection
Same spec. but fitted with metal case
Kt for Ultra LOW distortion model {.0015%)
{excl. case) Ref. 146
S.A.E. for further information on other instruments to:
TELERADIO ELECTRONICS
325 FORE STREET, EDMONTON, LONDON, N.9
Telephone: 01-807 3719

= TRAMPUS &

WANTED: MANUFACTURERS SURPLUS SEMICONDUCTORS COMPONENTS, HARD-
WARE. MILITARY DR CONSUMER SPECIFICATIONS. GOOOD PRICES PAID. WRITTEN
OFFERS PLEASE
TRAMPUS ELECTRONICS LTO., 58-60 GROVE ROAD. WINDSOR, BERKS §L4 1HS
TELEPHONE WINDSOR (07535) 54525
Circle Reader Service Number for free price hist
Large stocks oft the shell normally 24 hours turn around Qualty devices to manufacturers specifications
Credit cards by post of phone £5 minimum add 20p postand packing Cheque orders over £5 post free
UK vAT Add B% to prices marked * 12% to unmarked tems Govt Oepts Unwersites eic £5 min order
N M A Money back if not sausfied (Prices may change) A smatl gelection from our lists

LEDS ‘2" & 0.2 dia. FULL SPEC PAKS ALL £1
from the Red no chp " pak A 12 x Red LEOS g MANSISTORS & ICe e .
Pak of 100 LEDS £8' Pak8: 5 x 741 BPin g SE101/8/9 Bp N2 sgge 23055 450
2" 209 & clip 12p" pak C 4 x 2N3055 90w e LN A 2N3819E 18p
Color LEDS alt 18p PRk 0: 12 £ BLIOS 1+ BCI77/8/320p*  TIP2955 65p* 242646 SOp*
4 BLY70/1/220p*  TIP3055 S5Sp*
DISPLAYS Pak & ;“z“;glq ::1:
1 03" 0LI04/24 707/2  59p+ PakH: T x 2N3819€ FET 1
NT 05" DL147/2 B ::. Pak K 40 x + ZENERS 400mWw 9p . !
BUDGET HI-A DEPAR T6S Gas Deleclors ‘g5e PakM upmmumzn 301/14  29p* 7420 Ba* 7480 asp
Dalo PC8 Pen gops Pak K SOXOARI/) £1 308 £1* ;::g 5:..' 1:93] :;r
. q PR vy grr u Pak P 20 x Plastic 109 £1 555 29p* L] 21p"
Nylon Board L} -
You can now purchase this fantastic Hi-Fi system complete for only i o Pak . 14107 s 2 TET TSR sayr
g H 5 12¥ B! 1.49* PakS 14x (4} (13 E [
£152.00 at what must be a fraction of its value loday. VerySocad oo PRTIOOMAGN 7400 TTL iz TBIZ R
. lastic Power B* ]
System consists of:—the famous MATSI TFS60 Tuner/AMP: a really TONERMODOLE Srné ke pa T 4x UK Legn  £1 TA0Skar LN gge A0 e
. . o a A ak U. 4 x 1A ] ] P
top quality receiver from one of Japan’s leadin . £x Music Conlre 50 ek viS0r WD IN
p q y p g manu'ac'urers ]5 Sterso TW Amp €3.69 pak 7 20 x PHP 3702 i1 MORE IM FREE LISTS

walls per channel FM/MW/LW. two LH6 speakers fitted with AR
units and a Goldring beit-drive turntable with magnetic cartridge
complete with an attractive plinth & cover of ultra modern design.
Leads. efc. supplied free.

LION PRICE: Complete MATSI System £152.00

or purchased individually:

TF60 Receiver: £69.90. LH6 Twin Speakers £55.
Goldring Turntable (cartridge Plinth & Cover) £29.95

WW—005 FOR FURTHER DETAILS

DATEST 1
TRANSISTOR AND
OP. AMP. TESTER

Simplifies semiconductor testing
Saves time and errors

* Tests are automatic and unambiguous

* Tests devices in and out of circunt

« Handles bipolars. FETs (all types).
amps. (out of circuit only)

+ Automatically displays device polanty and. for devices
out of circunt, device type .

« Checks for gain. leakage. input offset

Price including test probes. full instructions and delivery
{UK only) £49 plus VAT (8%) Data sheet on request

Leading suppliers of TELEVISIONS, RADIOS, TAPE RECORDERS, BUDGET HIf1, CASSETTE
RECORDERS. SPEAKERS, AMPLIFIERS, TUNER/AMPS , VIDED and MUSIC CENTRES and
ACCESSORIES. EXPORT TELEVISIONS and MUSICAL INSTRUMENTS ALL AT KEEN PRICES

Lton house

Stuckist s tor the worlds magor Hiofy manutacture vs
LONDAON S HIFLSUPE RS TORE
227 TOTTENHAM COURT ROAD. LONDON W1
Tel 01580 /38321201637 1601
Telex 28394 LIONG
Open 9 amto b pm Monday to Saturday {Thursday until 7 prm)

m;—..—_.‘.e

LEDs. diodes. op.

D DATONG ELECTRONICS LIMITED
Spence Mills, Mill Lane, Bramley, Leeds LS13 3HE
Telephone: Pudsey (0532) 552461

WW—044 FOR FURTHER DETAILS WW—036 FOR FURTHER DETAILS
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. - m——==xc.
All prices include V A.T Carnage & packing add 25p (U K ) * NEW * FULLY GUARANTEED COMPONENTS »
Add extra for overseas Cash with order only. Discounts over As A K FULL SPEC SEMICONDUCTORS » QUANTITY
'€5 IeZS(S) 5%. over £10 less 10%, over £25 less 15%, over £50 J DISCOUNTS * SEND S.A.E. FOR COMPLETE LIST
less %
74191 £1.38 | 4025 19p[ 4072 p
BEAD TANTALUM ELECTROLYTICS 92 GODSTONE ROAD R GHL)aEs  GIRY| 4R 23 | 1853165506130
122 33 47 68 1,F 35Val valﬁs ,;F ;‘?:p g:v :4‘)/:“ ::v WHYTELEAFE SURREY CR3 OEB 72:94 ns';: 20% :g: :33; ;:: ;2(1)2 :ggzgg:;g
22334786 8,F 35Vallvalues 12| 15 Avip 5 S5Vip 6 s P —— 74195 95p [4029  £1.16] 4501 20, 5 5 q
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WW—032 FOR FURTHER DETAILS

The

INTERNATIONAL SEMICONDUCTOR DEVICE DATA

RADFORD HD250

High Definition Stereo Amplifier

A new standard L

for sound reproduction in

the home! We believe that no other
amplifier in the world can match the overall
specification of the HD250.

TRANSISTORS  £10.60

(7th Edition)

VOLUME 1

ISBN 0 904944 04 2

VOLUME 2 DIODES/SCRs

ISBN 0904944 026 (1st Edition)
per ch | into any imped: Publication

VOLUME 3  ICs (including uPs) s5on

ISBN 0904944 03 4

Cash with order.please! Prices include postage & packing by
surface mail to any part of the world. Airmail extra at cost.
Official orders accepted from bona fide Companies & Authorities

Pay by Access or Barclaycard. Quote your account or Card No.

£11.80

Rated power output: 50 watts av.
from 4 to 8 ohms, both channels driven

Maximum power output: 90 warts av. per channel into 5 ohms

Distortion, preamplifier: Virtually zero (cannot be identified or measured as it is
below inherent circuit noise.}

Distortion, power amplifier: Typically 0.006% at 25 watts, less than 0.02% at
rated output (Typically 0.01% at 1 Khz}

Hum and noise: Disc,—83dBV measured flat with noise band width 23 Khz (ref
5mV); —88dBV A" weighted (ref. 5mv)

Line —85 dBV measured flat (ref 100v} Each volume has a unique easy reference alpha-numeric listing

—88d BV ""A” weighted (ref 100v)

Hear the HD250 at

SWIFT OF WILMSLOW

Dept. WW, 5 Swan Street, Wilmslow, Cheshire
(Tel: 26213)

Mail Order and Personal Export enquines: wWilmslow Audio, Swan Works, Bank
Square, Wilmslow (Tel. 29599)

Now available ZD 100 power amplifier and ZD22 pre-amplifier

WW—049 FOR FURTHER DETAILS

of the maximum ratings and essential characteristics of more
than 25,000 devices of international origin- European, USA &
Japanese. Accepted worldwide by Engineers, Technicians
and Buyers. 12 months guarantee of validity. Descriptive
folders available.  Refund if not satisfied.

SEMICON INDEXES LIMITED
7 King’s Parade, King’s Road, Fleet. Hants. GU13 9BW
Tel: Fleet (02514) 28526 Telex: 858855G
WW—082 FOR FURTHFR DFTAILS

QUARTZ —
GRYSTALS
-FST! -

AEL CRYSTALS UMITED

Gatwick House, Horley, Surrey, England RH6 95U

Telephone Horley (02934) §353 Telex 87116 {Aerocon Horley)
Cables: Aeracon Telex Horlay

AEL

WW—033 FOR FURTHER DETAILS

Gas filled indicator
tubes always
availahle

character heights 8 -135 mm,

ELECTRONICS
LINMITED

Clock Tower Road, Isleworth,

Middlesex TW7 6DU

Tel: 01-568 0151, Telex. 934120
WwW

—040 FOR FURTHER DETAILS

l“un
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FALKLAND ISLANDS UNITED ARAB EMIRATES

INDIA GUYANA PORTUGAL

ASCENSION ISLAND YUGOSLAVIA UNITED STATES OF AMERICA JORDAN GREECE

* K

Separate

SPECIAL PRICE FOR COMPLETE KIT £ 99 . 30

The standard model of our kit for Mr Linsley Hood s 75 watt design has for a long hme offered exceptional
performance for a very modest cost {just laok a1 pnces fnr comparable nigh quality high power ready built umits!)
Features of the amphfier include very low distortion {iess than O 01 %) 75W rms per channel power autput rumbie
filter vanable slope scratch hilter vanabie transihon frequency tone controls tape monitonng tac.hites and individually
adjustable nputs This modei 1s based on 5 circut boards which not having the contro's mounted on them can f
desired be effectively used separately in high performance autho systems not based on aur metalwork

Our new De Luxe model uses 14 boards which interconnect with goid plated contacts and have the potentiomaters and switches fitted to them  There sre 3 hoards for each power ampldher 1 hoard far the pawer supply and 7
boards for the stereo pre ampifier This system almost eliminates internal winng making canstruchion delightully straightiorward and as each board can he easily removed 1o seconds from the cnassis
maintenance 1s so s'mple that even newcamers (g electronics will be able 10 cope competently with the kit Additonal features of our new model are inclusian of latest circuit Improvements genernusly sized heatsinks lar heavy

duty use even in tropical chmates and metal oxide resistors throughout for long-tecm statubty and relability

PACK PRICES FOR STANDARD KIT

Pack Price  Pack Price
11. Fibraglass primed-circuil board for power supply

B £0.85

sislors. capacilors. pre-sets for power  12. Set o . secondary fuses.

EL]) aooaanooneacannnnnoonnnnos £2.50 semiconductors for power supply .... £5.40

13. Set of miscellangous parts including DIN skis..
mains inpul skt.. fuse holder. interconnecting
cable. control knobs £6.20

3. Set of semiconductors tor power amp .. £6.50
4. Pair of 2 drilled. finned heat sinks .. .. £L.10
5. Fibreglass prinied-circuit board for pre-amp

d 14. Se1 of melalwork parts including silk screen

6. Sel of low naise resistors. capacitors. pre-sets for printed fascia panel and all brackets. fixing paris.
pre-amp ... £4.10 Blc. ... . o . £8.20

7. Set of low noise. high pain semiconduclors for  15. Handbook .. . £0.30
preamp ... £2.40  16. Teak cabinet 18.3" x 127" x 3.1” ... £10.70

8. Set ol potentiometers [including mains swilch)
oo £3.50 2 each of packs 1-7. 1 each of packs 8 16 inclusive are
9. Sei ol 4 push-button Switches. rolary mode swilch required lor comptete stereo amplifier. Total cost
............................ £5.40 of individually purchased packs 90.80
10. Toroidal franstormer complete with magnetic
screen/ housing primary: D 117234 W
secondaries: 33-0-33 V. 25-0-25V ... £10.95

Pack

LINSLEY-HOOD CASSETTE DECK

b

Available as

Details in
free Catalogue

Packs

W

WIRELESS WORLD. MARCH 1978

AUDIO KITS OF DISTINCTION FROM PﬂW[ﬂ’”n”

N EWI DE LUXE EASY TO BUILD LINSLEY-HOOD 75W AMPLIFIER

i

Internal view of De Luxe Kit

STANDARD LINSLEY-HOOD 75W AMPLIFIER

sPECIAL PRICE FOR compLeTE kiT £79.80

Price

. Siereo PCB {accommodales 2 rep. amps. 2 meler

o amps. bias/erase osc. relay) ........ £3.35
2 Stereo sel of capacitors. M.D. resisfors.
poteniiometers for above . ......... £7.95

3. Stereo set of semiconductors for above . £8.50

4. Miniature relay with sockel ... ... .. £2.90

i 5. PCB. ail companenis for solenoid. speed conirol

¥ circuits ... £3.80
3 6. Goldring-Lenco mechanism as specified £18.50
------ 7. Function switch. knobs .. .......... £1.90
8. Dual VU meter with illuminaling lamp . . £6.95

9. Toroidal fransformer with E.S. screem prim.

SPECIAL PRICE FOR COMPLETE KIT £ 7 9- 60

Published in Wireless World (May June August 1976) by Me Linsiey-Hood this design although straightforward and relatively low cost nevertheless provides a very high standard of
performance To permit circuit optimization separate record and replay ampifiers are used. the latter using a discrete component front-end designed such that the noise levet 1s below that
of the tape background Push button switches are used to provide a choice of equalization time constants, a choice of hias levels and also an option of using an add:tional pre-amplifier for
microphone use The mechanism used 1s the Goldring-Lenco CRV a unit distinguished 1n its robustness and ease of operation Speed control and automatic cassette ejection are both
implemented by electronic circuitry  This unit which 1s powered by a toroidal transformer and uses metal oxide resistors throughout offers an excellent match for the Wireless Worid Tuner
and the Linsley-Hood 75 Watt Amplifier Circuit changes as published in February, 1978, follow-up article are included in the kit. A higher performance head {Matsushita WY 436 AZ) s

offered as an optional extra.

Pack
. Fibreglass printed board for front end iF strip.

WIRELESS WORLD FM TUNER

5

I

@™ o~

' : |
SPECIAL PRICE FOR-COMPLETE KIT £ 70. 20

Designed «n response to demand for a tuner 10 complement the world-wide acclaimed
Linsley-Hood 75W Amphifier this kit provides the perfect match The Wireless World
{Skingley and Thompson) published oniginat circuit has been developed further for
inclusion Into this outstanding slimline unit and features a pre ahigned front end module

w

0-117V, 234V, Sec. 15V

£4.90°

Price

demodulator. AFC and mute circuits . £2.15
Sel of metal oxide resistors. 1hermistor.
capacitors, cermet presel for mounting on Pack
.. ... £4.80
Sel of iransistors. diodes. LED. Inlegraled
circuits for mounting on Pack | .. .. £5.25
Pre-aligned front end module. coif assembly.
ihree section ceramic fiiter . ... ... £8.50
Fibreglass printed circuit board for stereo
decoder £1.10

. Set of metal oxide resistors. capacitors. cermel
£2.60

presel for decoder
Set of transistors LED. integrated circuil for
decoder £2.90

. Sel of components tor channel selector swilch

module including fibreglass priated circull
board. push-bution switches. knabs. LEDs.
presel adjusiers. eic. .... £9.40
Function switch. 10 turn tuning polentiometer.
krobs £5.80

Pack
([N

Price
et ol capacitors. reclitiers. |.C. voltage regulator
for power supply (Powertran design] .. £2.80

I1. Sel of miscellaneous parts. including sockets. fuse

holder. tuses. inlerconnecting wire. eic ~ £3.40

12. Sel of metalwork including silk screened fascia

panel. internal screen. fixing paris. etc  £7.10
13. Construction notes . .............. £0.25
14, Teak cabinet 18.3" x 12.7"x 3.1” ... £10.70

Mats

Pal
10

1
12

3

4

15
16

each ot packs I-14 inclusive are required for
complete stereo casselle deck. Total cost of
individualty purchased packs £83.00

ushita WY 436 AZ head (optional exira]  £4.50

ck Price
. Frequency meter. meter drive componenis.
fibreglass prinled circuit board ... £10.35
. Toroidal iransformer with electrostatic screen.
Primary: D- 117V 234V. secondary: 15V £4.90
. Set of capacitors. reclitiers. valtage reguiater
for power supply £2.10
. Sel of miscellaneous parts. including sockets.
fuse holder. fuses. inter-cannscting wire. eic
£2.05
. Set of metalwork paris including silk screen
printed fascia panel. acrylic silk screen printed
tuning indicator panel insert. iniernal screen.
fixing paris. etc.
. Consiruction notes
. Teak cabinet 18.3 x 127" x 3.1

£0.25
. £10.70

e each of packs 1-16 inclusive are required for
complele slerea FM tuner. Tolal cosi of
individually purchased packs . .. .. £81.15

excellenta m rejection and temperature compensated vancap tuning which may be controited either continuously or by push hutton pre-sefection Frequencies are indicated by a frequency

meter and shding LED indicators atached to each channel selector pre-set The PLL stereo decoder incorporates active filters for

transformer and integrated regulator For long term stability metal oxide resistors are used throughout

tedy

suppression and power 1s supphed via a toroidal

EXPORT ORDERS: No minimum order charge! Prices same as tor U K customers but

EXPORT A SPECIALITY!

Our Export Department can readily despatch orders of any size to any country in the
world Some of the countries to which we sent kits last year are shown in this
advertisement To assist 10 estimating postal costs our catalogue gives the weights of all
packs and kits This will be sent free on request by arrmail together with our Export
Postal Guide which gives current postage prices

no Value Added Tax charged Postage charged at actual cost plus 50p documentation and
handling Please send payment with order by Bank Draft Postat Order International
Money Order or cheque drawn on an account in the U K Alternatively for orders over
£500 we will accept Irrevocabie Letter of Credit payabte at sight in Lordon

our catarocueis FREE!

www americanradiohistorv com
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GAMBIA DENMARK FRANCE MUSCAT & OMAN

AUSTRALIA

HONG KONG

NAURU

LUXEMBOURG TUNISIA GERMANY

FINLAND NIGERIA

AUSTRIA CZECHOSLOVAKIA SOUTH AFRICA

Thursday

T20+4+ 20 ano T30+ 30
20W, 30W AMPLIFIERS

SPECIAL PRICES FOR COMPLETE KITS

T20+20 k1T price £33.10

WWII TUNER * X

speciaL PRICE For compLeTE kiT £47.70

AVAILABLE AS SEPARATE PACKS — PRICES IN OUR FREE CATALOGUE

Following the success of our Wireless World FM Tuner Kit this cost reduced mode! was
designed to complement the T20+4 20 and T304 30 amplifiers and the cabinet size, front
panel format and electrical charactenistics make this tuner compatble with either The
frequency meter of the more advanced model has been omitted and the mechanics simphfied,
however the circuitry 1s identical and this kit offers most outstanding value for money. Facilities
included are switchable afc, adjustable. switchable muting. LED tuning indication and both
continuous and push-button channel selection (readily adjusted by controls on the front panel).

World Amplifier D, Full kits are not available for these projects but
component packs and PCBs are stocked for the highly regarded Balley and 20W class AB
Linsley-Hood designs together with an efficient regutated power supply of our own
design Suitable for driving these ampbfiers 1s the Bailey Burcows pre-amplifier and our

Designed by Texas engineers and descnbed in Practical Wireless Ihe Texan was an immediate success Now
developed furthes i our laboratories to include a Toroidal transformer and additionat improvements. the shmiine
T20+ 20 delivers 20W rms per channel of true H)-F1 at exceptionally low cost The easy to build design 1s based
on a single F/Ghass PCB and features all the normal facilines found on quality amplifiers including scratch and
fumble filters, adaptable input selector and headphones socket In a follow-up article tn Practical Wireless further
modifications were suggested and these have been incorporated into the T30+30 These include RF
interference hiters and a tape monutor tacility Power output of this model 1s 30W rms per channel

Pack T20 T30 Pack T20 T30
1. Set of low noise resistors £1.60 £1.70 9. FibreglassPC8 ........... £3.50 £3.90
2. Set of smali capacitors ... .. £260 £3.40 10. Sof of metalwork. tixing parts ~ £5.20 £6.20
3. Set of power supply capacitors £2.20 £2.50 11, Sel of cables. mains lead . ... £0.40 £0.40
4. Set of miscellaneous parts £3.50 £3.50 12 Hedbook .............. £0.25 £0.25
5. Set of slide. mains. P.B. switches £1.50 €£1.50 13. Teak cabinet 15.4” x 6.7 x 2.8 £4.50 £4.50
6. Set of pots.. selector switch £2.80 £2.80
7. Set of semiconductors. ICs. skis. £7.25 £7.75 One each of Pack 1-13 are required for complets sterso
8. Toroidal transformer—240V prim. amplifier. Total cost of individually purchased

B.S.SCTEBN .............. £7.20 packs T20 +20 £40.90. T30 + 30 £45.60.

T30+30 kit price £38.40

POWERTRAN SFMT TUNER

PRICE FOR COMPLETE KIT £35 90
AVAILABLE AS COMPLETE KIT ONLY

The requirement was a simple, low cost design which could be constructed easily without
special ahignment equipment but which sull gives a first class output suitable for feeding any of
our very popular ampiifiers or any other high quality audio equipment Not finding a suitable
published circuit, the requirement was met by design and development work In our own
laboratories and this tuner, which uses a pre-aligned front end module can be set up with the
aid of nothing more sophisticated than a multi-meter. A phase-locked-loop is used for stereo
decoding and controls include switchable afc. switchable muting and push-button channel
selection (adjustable by controls on the front panel). This unit matches well with the T20 + 20
and T30 +30 amplifiers.

S EM |CON DUCTO RS as used in our range of quality audio equipment

circunt board for the stereo version of it features 6 inputs, scratch and fumbie filters and pINEo0) £0.10 PRDAEY £0.50 egilan £0.12 mMcr3to £2.20 >TCRLY  £2.40
wide range tone controts which may be either rotary or slider operating For tape systems IN9) 4 £0.07, ZN5830  £0.35 (Fea i eos MCI351  €1.08 784750  £1.90
aset of three PCBs have been prepared for the integrated circurt based high performance OG0 (LR JaE) €0, 3/S QRS G2 E0N3 GG CIE 08 Bl 20 SR € 052 0
stereo Stuart design Details of companent packs are i our free Catalogue TN3148  €0.05 /41 8P DILE0.40  BD529  £0.5% MFC4010 £0.95  TIP29A  £0.40
IN415 £0.10 748 BP DIL £0.40 80630 £0.56 MJ481 £1.20 TIP30A £0.45

30W Bailey Amplifier 15920 £0.10 40361 £0.40 BDS538 £0.90 MJ491 €1.48 TiP29C £0.55
BAIL Pk | F/Glass PCB £1.00 /N639 €0.20 40362 £0.45 BDY56 £1.80 MJE41B £0.75 TIP30C £0.80
BAIL Pk 2 Resistars C: P yom set £2.35 2N3055 £0.45 BC108 £0.10 BF257 £0.40 MJE4ZEB £0.90 TIPALA £0.70
BA(L Pk 3 Semiconductor set £4.70 2N3442  £1.20 BC109 £0.12 BFR39 £0.30 MPSA12 £0.35 TIP42A £0.80
20W Linsley-Hood Class AB JN3711  £0.08 BC109C £0.1% BFR79 £0.30 MPSA18 £0.26 TIP41B  £0.75
LHAB Pk 1 F/Glass PCB £1.05 2N3904 €0.20 BC125 £0.15 BFY> 1 £0.20 MPSASS  £0.28 TIP42B £0.90
LHAB Pk 2 Resistor Capacitor Potentiometer set £3.20 ZN3906 €0.20 BC126 £0.15 BFY52 £0.20 MPSAG6E €£0.40
LHAB Pk 3 Semiconductor set £3.35 2N5087 £€0.25 BCra7 £0.10 CA3046 £0.90 MPSUQS £0.50 FILTERS
Regulator Power Supply 2N5089 £0.28 8C182 £0.10 CA3048 £2.00 0Aaa7 £0.10 fM4a £1.00
B6OVS Pk 1 FsGlass PCB £0.85 2N5457 £0.45 8C21t2 £0.12 CA3089 £2.50 Qa95 £0.10 SFJ10 /MA£1.50
B0VS Pk 2 Resistor Capacitor set €2.20 2N5459 £0.45 8C182L £0.10 KR470 £0.25 SLt30W £1.30
60VS Pk 3 Semiconductor set £€3.10 2N546U £0.70 BC184L £0.11 LM30tAN £0.55 SL3045 £1.20
60VS Pk BA Toroidal transiormer (for use with Bailey) £8.80
BOVS Pk 68 Toroidal transformer (for use with 20W LH) £7.25
Bailey Burrows Sterea Pre-Amp
BBPA Pk 1 F/Glass PCB (stereo £2.80
BBPA Pk 2 Resistor Capacitor Semicanductor set (stereo) £6.70
BBPA Pk 3R Rotary Potentiometer set (stereo} £2.85
BBPA Pk 3S Shder Potentiometer set with knobs (stereo) £3.10
Swart Tape Recorder
TRRP Pk 1 Replay Amp F /Glass PCB (stereo) €1.30 '
TRRC Pk 1 Record Amp F/Glass PCB (stereo) €1.70 -
TROS Pk 1 Bias Erase; Stahilizer F Glass PCB (stereo) £1.20
LINSLEY-HOOD 200+ 200 WATT

LOW DISTORTION —

OSCILLATOR

A Wien bridge audio oscillator (10Hz 100KH2z) with sine or square wave output (1mV-1V}
published in Wireless World September. October 1977

Pack 1 Fibreglass PCB £1.65
Pack 2 Capacitors 2% metal oxide resistors £2.60
Pack 3 Transistors IC. IC socket thermistor £3.90
Pack 4 Potentiometers and switches £2.80

ERIC F. TAYLOR PRE-AMPLIFIER

A iow noise low distortron (O 005%) stereo pre-amplifier for use with magnetc pick-up
(RIAA equalization)

Pack 1 Fibreglass PCB (Stereo) £145
Pack 2 Metal oxide resistors, capacitors (Stereo) £3.20
Pack 3 Transistors ICs IC sockets zeners {Stereo) £4.20

SQ QUADRAPHONIC DECODERS

These state-of-the-art circuits descrbed by CBS are offered as kits of superiar quality with
close tolerance capacitors metal oxide resistors and Fibreglass PCBs designed for edge
connector inserton Further information on these kis 18 given in our FREE CATALOGUE

M1 Basic matrix decoder £5.90
L1 Full logic decoder £17.20
L2A Fulliogic decoder with vanable blend £22.60
L3A As L2A but with high performance discrete component front end £30.10

(or with carbon film resistors) £25.90

SQM 1-30 Decoder complete with JOW rear channel ampihiers Complete ki1t matches
T30+ 30 amplitier £40.75

AMPLIFIER KIT
TO BE FEATURED IN

ELECTRONICS TODAY
INTERNATIONAL

April issue on sale March 2nd

SERVICING FACILITIES: {Very rarely required for our kit$) are avadable for all #% complete kits

QUALITY: All components are brand new first grade full specification guaranteed devices All resistors

Value Added Tax not included in prices
UK Carriage FREE

PRICE STABILITY: Order with contidence! Irrespective of any price
changes we wil honour all pnces i this advertisement untl April 30th
1978 it this month s adverisement 1s mentioned with your order Errors
and VAT rate changes excluded

U.K. ORDERS: Subject to 12'/;% surcharge for VAT (1 e add Y to the -
price) No charge 1s made for carriage * ur at current rate if changed
SECURICOR DELIVERY: For this optional service (U K maimnland only}
add f 2 50 (VAT incluseve) per ket

SALES COUNTER: !f you prefer to collect your kit fram the factory call
at Sales Counter {at rear of factory) Open 9 am -4 30 pm Monday-

(except where stated as metal oxide) are low noise carbon film types All printed circuit boards are fibreglass,
dhlled rolter uinned and supplied with circuit diagrams and construction layouts

FOR FURTHER INFORMATION PLEASE WRITE OR
TeLerHoNE FOR ouR FREE CATALOGUE

POWERTRAN ELECTRONICS

PORTWAY INDUSTRIAL ESTATE,
ANDOVER HANTS SP10 3NN -

DFPT WW3

ANDOVER
(0264) 64455

www americanradiohistorv com
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As these circuits are capable of such an
excellent performance we feel that it 1s
not sensible to sacnifice this potential by
designing a kit down to a price We have
therefore spent a little more on
protessional hardware allowing us to
design a very advanced modular system
This enables a more satisfactory eiectr-
cal layout to be achieved. particularly
around the very critical input areas of the
replay preamps These are totally stable
with this layout and require no extra
stabilising components Many other
advantages also come from this system
which has separate record and replay
amps for each channel plugging in to a
master board with gold-plated sockets
The most obvious s the reduction of
crosstalk and nteraction which could
cause trouble on a single plane board.
with our modular system the layout s
compact but there 15 no component
crowding Testng s very easy with
separate 1dentical modules and building
with the aid of our component-by-com-
ponent instructions 1s childlishly simple,
but the firushed result 1s a unit designed
not to normal domestic standards but
tothe best professional practice.

All pninted carcuits are of ghassfibre
matenal, fully dnlled with a tinned fimish
for easy and rehable soldering Compon-
ent locations are printed on the reverse
side of the board and are arranged so that
all idenufication numbers are sull visible
after assembly

71x Complete set of parts for Master
Board. includes bias oscillator relay
controls. etc £9 83 + £1 23 VAT

72x Parts for Motor Speed and Solenod
Control for Lenco CRV deck This is
the proper board layout as given in
the articles £3 52 + 44p VAT

73x Complete set of parts for stereo
Replay Amps and VU Meter drive
£8 12 + £1 02 VAT

74x Complete set for stereo Record
Amps £6 74 + 84p VAT

75x Complete set of parts for Stabiised
Power Supply to crcuit given in
Article This uses a special low hum
tield transformer with better charac-
teristics than the commonly used
toroid £8 79 + £1 10 VAT

J00M2 Individual High Qualty VU
Meters with excellent ballistics
€8 48 + £1 06 VAT Per Par

The Only Firm for Quality Audio Kits

HART
ELECTRONICS

Are proud to offer the only
DESIGNER APPROVED kit for the

J. L. Linsley-Hood High Quality
Cassette Recorder

Now offered with Super Quality Sendust Alloy Head at no
extra cost, and incorporating noise reduction modifications
given in the postscript article.

700C/2 High Quality Custom butlt steel
Case Complete with Brushed
aluminium front plate, mains switch,
record microswitch, turned record
level knob, plastic cabinet feet, all’
bolts, nuts and mounting hardware
All necessary hotes are punched and
all surfaces are electroplated
Complete step-by-step assembly
instructions are included The cover
1s fimshed 1n an attractive black
crackle surface £16 50 + £2 06
VAT

LENCO CRV CASSETTE MECHAN-
ISM — Now fitted with Super Quality
Sendust Alloy Head.

High Quality. robust cassette transport for
Linsley-Hood recorder Features fast
forward, fast rewind. record. pause and
full auto stop and cassette ejection
tacihities Fitted with Record / play and
erase heads and supplied complete with
Data and extra cassette ejection spring for
above horizontal use Price £21 60 +
£2 70 VAT

Total cost of all parts £83 58

Special offer for Complete Kits £81 50 +
£10 19 VAT

Complete with data and set up notes to
achieve best results with the Super Head.

Optional extra solid teak end cheeks, £3
pair + 38p VAT.

Reprint of 3 Linsley-Hood Cassetie
Recorder articles 45p post and VAT free |

OTHER CASSETTE SPECIALITIES
Super Quality Sendust Alloy R/P Stereo
Head for replacement use £6 50 + 81p
VAT

Set of components and data for optimising
L-H Cassette circuits for use with this
head. 500 + 6p VAT.

Standard Quality Stereo R/P Head,
£4 50 + 56p VAT.

Economy Cassette Stereo R/P Head.
£2 80 + 35p VAT.

4-track Cassette R/P Head, £7 40 + 93p
VAT

TEST CASSETTE to enable the user with-
out instruments to easily set up the Head
Aznmuth, tape speed and VU level, £1.50
inc VAT

Blank Cassettes. reliable mechanics and
Super Fernc Low Noise tape. C80. 80p
inc VAT €10, 35p inc. VAT.

ALL PARTS ARE POST FREE

Please send 9 x 4 SAE for hists giving fuller details and Price breakdowns

Penylan Mill, Oswestry, Salop

Personal callers are always welcome
but please note we are closed all day Saturday

WIRELESS WORLD. MARCH 1978

Better instruments.
Better service.

we have established a nationwide network of approved
service organisations to deal with the repair and
maintenance of our instruments. Every repair isbacked
by a full 12 month guarantee. Here's where to find them.

ENGLAND London Instrument Repair Centre, Acton Lane, Chiswick,
London W4 SHJ Trade Reception: Cunnington Street Tel 01-995 9212
London Instrument Repair Centre, Archcliffe Road. Dover, Kent.

Tel: Dover (0304) 202620 )

Farnell International Instruments Ltd, Sandbeck Way, Wetherby.

West Yorkshire | 522 4DH Tel Wetherby (0937) 3541

TE.R Instrumemnts Ltd,Peel Lane, Astley, Manchester M29 7JH

Tel: Atherton (05234} 2275 or 561

Midlands Instrument Repair Centre, Thorn Automation Ltd,

Armitage Road, Rugeley. Staffs Tel Rugeley (08894)5151

SCOTLANDFalcon Electronics, 92 High Street, Johnstone, Scotland
Tel Johnstone (0505123377

WALES Electro Services, 25 Chepstow Road, Newport, Cwent NPT 88X
Tel Newport 1063_3) 211243

. The manufacturers’ joint service organisation.
WW—042 FOR FURTHER DETAILS

DRAKE’'S SUPERB
TRANSCEIVER TR-4CW

S.A.E. for details please.

AS WELL AS DRAKE EQUIPMENT WE ARE THE DIRECT IMPORTERS OFf HAL
RTTY AND MICROPROCESSORS ATLAS NYE MORSEKEYS PRESTELVHF/UHF
PROFESSIONAL FiELD STRENGTH METERS HAM RADIO CiR ASTRO 200
HY-GAIN CDR ROTORS HUSTLER OMEGA.T SYSTEMS MFJ FILTERS AND
SPEECH PROCESSORS SUPEREX WE ALSO STOCK SHURE MICROPHONES
YAESU MICROWAVE MODULES SOLID STATE MODULES ICOM COPAL
CLOCKS G WHIPS BANTEX MOSLEY DAIWA ASAH| JAYBEAM DECCA AND
THE USUAL ACCESSORIES ~COAX CONNECTORS INSULATORS VALVES Etc
SEND FOR A COPY OF OUR PRICE LIST (Stamps pleasel

We are situated just atound vk rorees from West Hamnstead inderground Station
(Bakerloo line) A few minutes walk away s West Hampstead Midiand Region station
and West End Lane on the 8road Street Line We are on the following Bus Routes
28 59 159 Hours of opening are 9-5 Monday to Friday Closed for Lunch 1-2
Saturday we are open 9-12 30 only World wide exports

DRAKE * SALES * SERVICE

RADIO SHACK LTD.
188 BROADHURST GARDENS, LONDON NW6 3AY
Giro Account No. 588 7151. Telephone: 01-624 7174. Cables: Radio Shack,
London, N.W.6. Telex: 23718

WW —045 FOR FURTHER DETAILS
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Audax HD12 9 D25 £7.50
Audax HD13 D34H £12.50
Audax HD20 B25H4 £14.65
Audax HD20B25.4 £10.95
Audax HD11 P25EBC £6.95
Baker Superb £22.50
Castie 8RS/ DD £11.95
Chartwell CE205 8'’ bass, matched
pairs onty pairs 59.00
Coles 4001 £5.90
Coles 3000 £6.25
Celestion HF 1300 11 £7.50
Celestion HF2000 £9.75
Dalesford D20/ 105 4'* £10.95
Dalestord D30/110 5" £10.95
Dalestord D50/513 62" £11.15
Dalesford D50/ 200 8"’ £11.95
Dalesford D70/250 10"’ £24 95
Dalesford D100/310 12" £34.95
Decca London £37.25
Decca CO/1000/8 £7.95
Decca DK30 £24.50
E.M | type 350 4 ohm £9.25
EM.I 14A/77014" xQ"" £12.50
EM.1 8" x5 d/c 10 watt £3.95
Goodmans Axent 100 £8.50
Isophon KK10/8 £8.25
Isophon KK8 /8 £7.50
Jordan Watts Module £17.95
Jordan 50mm Unit £22.50
Jordan CB Crossover £22.50
KEF 727 £8.50
KEFT15 £10.75
KEFB110 £10.95
KEF B200 £11.95
KEF B139 £24.95
KEF DN13 £4.95
KEF DN12 £7.25
Lowther PM6 £43.95
Lowther PM6 MKI £45.90
Lowther PM7 £78.95
Peerless DT1OHFC £9.50
Peeriess KO10DT £8.25
Peerless KOAOMRF £10.50
Radford BD25 11 £26.95
Radford MDS £14.50
Radiord MD6 £17.95
Radford FN8 . FN831 £19.95
Richard Allan CG8T £8.95
Richard Allan CG12T Super £19.50
Richard Allan HP8B £13.50
Richard Allan LP88B £9.25
Richard Allan HP128B £21.50
Richard Allan D120 £6.25
Richard Allan DT30 £6.95

Shackman Etectrostatc ¢/ c polar

network & x/ o par £99.90
Tannoy HPD 295A £83.00
Tannoy HPD 315A £93.00
Tannoy HPD 385A £110.00

SWIFT

OF WILMISLOW
The firm for Hi-Fi

5 Swan Street,
Wilmslow, | Cheshire.

WILMSLOW@
AUDIO

KiTS FOR MAGAZINE DESIGNS etc

PA GROUP &
DISCOUNITS A

SPEAKER
KITS

Send 15p stamp for free 38 page
catalogue ‘Choosing a Speaker’
Telephone: Speakers, Mail Order and Export:
Wilmslow 29599 Hi-Fi: Wiimsiow 26213

E Lightning service ontelephoned credit card orders! |

(4

Q

Baker Group 25 £13.00 Kits include drive units, crossovers Prices per pair. Carriage £2.50
Baker Group 35 £14.50 BAF/ Long fibre wool. etc. for pair of
Baker Group 50/ 12 £21.00 speakers. Carriage £3 50 Dalesford System 1 £52.90
Baker Group 50/ 15 £25.75 Dalesford System 2 £55.75
Celestion G12M £12.95 Daiesford System 3 £101.75
Celestion G12H £16.95 Datesford System 4 £108.00
Celestion G15C €27.95 | Practcal Hiti & Audio PROS-TL Dalesford System 5 £€139.00
Celestion G18C £41.95 (Rogers) £118.00 Dalesford System 6 £93.00
Celestion G12/75 Feit panels for PROS-TL
(alum. dome) €22.50 €5.50 + £1 50 p&p | Eagle $K210 £13.90
Celestion G12/765 (d/cone) £24.50 | Hift Answers Mon:tor (Rogers) Eagle SK215 £23.50
Celestion G12M/50 £129.00 Eagle SK320 £33.50
(cambric edge) £16.95 | Hitt News State of the Art Eagle SK325 £57.00
Celestion G15/100 (Atkinson) £161.00 | "Eagle SK335 £70.90
(alum dome) £33.75 Hifi News No Compromise
Celestion MH 1000 £13.50 (Frisby) £126.00 | Goodmans DIN20 £31.50
Celestion Powercell 12'7/100 £45.95 Goodmans Mezzo Twinkit £51.95
Celestion Powercell 15/ 100 £48.95
Celestion Powercell 15”7125 £61.95 | Popular Hitt Min) Monitor Lowther PM6 Kit £91.75
{Colloms) £63.00 | |owiher PM6 MKI Kit £96.50
Fane Pop 337 £10.95 Peerless 1060 £61.50
Fane Pop 50 £12.50 Practical Hify & Audio Monitor Peerless 1070 £109.90
Fane Pop 55 £16.95 (Giles) £119.00 | peerless 1120 £123.00
Fane Pop 60 £19.95 | Practcal Hifi & Audio Triangle Peerless 2050 £43.95
Fane Pop 70 £21.95 (Giles) £76.00 Peerless 2060 £58.50
Fane Pop 100 £35.95 | practcal Hili & Audio BSC3
hanelldsguom £6.50 (Rogers) £60.00 | Radford Studio 90 £154.00
Fane J104 horn £13.75 Radford Monitor 270 £208.00
Fane J73 horn £9.75 Hif: News Tabor (Jones) £57.75 Radford Studio 270 £275.00
Fane Gu:tar 80L £19.75 | Hifi News Tabor (with H4 Radford Studio 360 £390.00
Fane Guitar 808 £19.95 bass units) £65.00 | Richard Allan Twin £29.90
Fane Disco 80 £21.50 Richard Allan Triple 8 £45.50
Fane PABO £19.50 Richard Allan Triple 12 £55.90
Fane Bass 85 £29.95 | wireless World Bookshelf Richard Alian Super Triple £65.90
Fane Crescendo 12A £42.95 (Wilkinson) £56.50 Richard Allan RA8 £42.75
Fane Crescendo 12B £44 .95 Wireless World T L/ KEF Richard Allan RA82 £67.75
Fane Crescendo 15/100  £54.95 (Bailey) £112.00 | Richard Allan RAB2L £73.50
Fane Crescendo 15/125 £64 .95 Wireless World T L /Radford .
Fane Crescendo 18 £75.95 (Bailey) £154.00 Seas Mini £21.95
Fane 820 Il Horn £45 .95 Seas 203 £35.50
Fane HPX1. HPX2 £250 Seas 302 £43.90
Fane PH50 £7.50 Seas 303 £73.90
Good _— TS Send 3 x 7p stamps for reprints Seas 503 SINEESD
oodmans .
Goodmans 10P £6.95 32';2;‘;“'“ detaiis of any of atove |\ (edale Denton 2XP . £26.95
Goodmans 12P £16.95 Whartedaie Linton 3XP £41.95
Goodmans 12PD £18.95 Wharfedaie Glendale 3XP  £56.95
Goodmans 12PG £18.25
Goodmans 18P £39.95 Everything n  stock for th
Goodmans 50HX £18.95 CARRIAGE & INSURANCE spea{(er cgns"um“ €
Tweeters/ Ciossovers  40p each BAF. tong fibre wool, foam
Speakers up to 10"’ 75p each R
Motorofa Piezo Horn €850 | S cavers 12 €1.25 cach E?:esgtv:rzm felt panels. com
Speakers 15" £2.00 each -
Richard Allan HD8T £12.95 || Speakers 18" £2.95 cach o e O T
Richard Allan HD10T £13.25 Speaker Kits £2.50 pair samples)
Richard Allan HD12T £18.75 Mag. design kits £3.50 pair
Richard Allan HD15 £29.95 (AT CeHRIR 710 72
Richard Allan HD15T £30.50

WILMSLOW)
AUDID

The firm for Speakers |

Swan Works, Bank Square,
Wilmslow, Cheshire.

Ww—021 FOR FURTHER DETAILS
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BT
NEW PRODUCTS!

NRDC AM BISONIC UHJ

NRDC - 8
=

.
\'mmmnmuumgg N”

CH R H I )f’ﬁj@“} i

SURROUND SOUND DECODER

The first ever kit specialy produced by | Integrex for this British NRDC backed surround sound system which is the result of 7 years' research

by the Ambisonic team. W.W. July, Aug., '77.
The unit is designed to decode not only UHJ but virtually all other ‘quadrophonic’ systems (Not CD4), including the new BBC HJ 10 input

selections
The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 3 input signals and 4 or 6
output signals are provided in this most versatile unit. Complete with mains power supply. wooden cabmet panel. knobs, etc.

< Complete kit, including licence fee £45.00 + VAT
or ready built and tested £61.50 + VAT

INTRUDER 1 RADAR ALARM

With Home Office Type approval
As in 'Wireless World "', designed by Mike Hosking 240V ac mains operated and disguised as a hardbacked book. Detection range up to 30

feet

Complete exclusive designer approved kit £46.00 + VAT
or ready built and tested, £54.00 + VAT

ereless World Dolby noise reducer

T/adema/k of Dolby Laboratories Inc.

Typical performance

Noise reduction better than 9dB weighted.

Clipping level 16 5dB above Dolby level (measured
at 1% third harmonic content)

Harmonic distortion 0.1% at Dolby level typically
0.05% over most of band, rising to a maximum of
012%

. Signal-to-noise ratio. 75dB (20Hz to 20kHz, signal
Featurmg. at Dolby level) at Monitor output
@ switching for both encoding (low-level h.f. compression) and decoding

@ a switchable f.m. stereo muitiplex and bias filter. Dynamic Range >90db

malabeecs Lottt
L s L el ey e Complete kit PRICE: £39.90+ VAT
'Also availabie ready built and tested . . . . .. ... .. Price £54.00 + VAT |
Calnbranon tapes are available for open-reel use and for cassette (specify which) ... ... ... Price £2.20+ VAT *

Single channel plug-in DoIby@ PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are avaiiabie with
all components . .. ... Price £8.20+ VAT

Single channel board with selected fet . .. ... ... .. ... ... ... Price £2.50+VAT_
Gold Plated edge CONNECIOr . . . . . . . . . . ot Price £1.50+ VAT *
Selected FETs 60p each + VAT, 100p + VAT for two, £1.90+ VAT for four

Please add VAT @ 12%2% unless marked thus’, when 8% applies (or current rates)

We guarantee fuil after-saies technical and servicing facinties on ali our kits, nave
vou checked that these services are available from other suppliers?

Please send SAE for complete lists and specifications
i ) Portwood Industrial Estate, Church Gresiey,
I N T EG R E X LT D Burton-on-Trent, Staffs DE11 9PT
a Burton-on-Trent (0283) 215432 Telex 377106

' v v v v. . v ' ' v
www americanradiohistorv com
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INTEGRER

S-2020TA STEREO TUNER/AMPLIFIER KIT

SOLID MAHOGANY CABINET

A high-quality push-button

FM Varicap Stereo Tuner combined
with a 24W r.m.s. per channel Stereo
Amplifier.

Brief Spec. Amplifier Low field Toroidal transformer, Mag, input, Tape In/Qut facility (for noise reduction unit,
etc.), THD iess than 0.1% at 20W into 8 ohms. Power on/off FET transient protection. All sockets, fuses, etc., are PC
mounted for ease of assembly. Tuner section uses 3302 FET module requiring no RF alignment, ceramic IF,
INTERSTATION MUTE, and phase-locked IC stereo decoder. LED tuning and stereo indicators. Tuning range
88-—-104MHz. 30dB mono S/N @ 1.24V. THD 0.3%. Pre-decoder ’ birdy” filter.

PRICE: £58.95 + VAT
NELSON-JONES STEREO FM TUNER KIT

A very high performance tuner
with dual gate MOSFET RF and
Mixer front end, triple gang
varicap tuning, and dual ceramic
filter/dual IC IF amp.

Brief Spec. Tuning range 88— 104MHAz. 20dB mono

quieting @ @.75,uV. Image rejection — 70dB. IF rejection Mono £3240 +VAT.
— 85dB. THD typically 0.4%. . — A

IC stabilized PSU and LED tuning indicators. Push-button With ICPL Decoder £36.67 + VAT
tuning and AFC unit. Choice of either mono or stereo with sl iy -

a choice of stereo decoders. With Portus-Haywood Decoqer
Compare this spec. with tuners costing twice the price. £39.20 + VAT

STEREO MODULE TUNERKIT

A low-cost Stereo Tuner based on the 3302 FET RF

:

Y e ) module requiring no alignment. The IF comprises a ceramic
¢ AL e filter and high-perfogrmanceg IC Variable INTER£TA TION MUTE.
Sens. 30dB S/N mono @ 1.2uV PLL stereo decoder IC. Pre-decoder 'birdy’ filter
‘"THD typically 0.3% Push-button tuning

Tuning range 88—104MHz PRICE: Stereo £31.95+ VAT

LED sig. strength and stereo indicator

S-2020A AMPLIFIER KIT

Developed in our laboratories from the highly successful
“TEXAN’ design. PC mounting potentiometers,
switches, sockets and fuses are used for ease of
assembly and to minimize wiring

Power ‘on/off’ FET transient protection.

Typ Spec. 24+ 24W r.m.s. into 8-ohm load at less than 0.1% THD. Mag. PU input S/N 60dB. Radio input S/N
72dB. Headphone output. Tape In/Out facility (for noise reduction unit, etc.). Toroidal mains transformer.

PRICE: £33.95+ VAT

ALL THE ABOVE KITS ARE SUPPLIED COMPLETE WITH ALL METALWORK, SOCKETS, FUSES,
NUTS AND BOLTS, KNOBS, FRONT PANELS, SOLID MAHOGANY CABINETS AND
COMPREHENSIVE INSTRUCTIONS

BASIC NELSON-JONES TUNER KIT £14.28+VA1 PHASE-LOCKED IC DECODER KIT . .. £4.47+VAT
BASIC MODULE TUNER KIT {stereo) £16.75+VAT  PUSH-BUTTON UNIT ... .. . .. . £5.00+ VAT
PORTUS-HAYWOOD PHASE-LOCKED STEREO DECODER KIT ... . .. .. . ... P £8.00+ VAT

vy o . _ R —
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A. MARSHALL (LONDON) LTD., Dept. W.W.

d M LONDON— 40-42 Cricklewood Broadway, NW2 3ET
Tel. 01-4520161. Telex 21492
LONDON — 325 Edgware Road, W2 Tel 01-7234242/3
GLASGOW — 85 West Regent Street, G2 2QD. Tel. 041-332 4133
BRISTOL — 1 Straits Parade, Fishponds Rd., BS16 2LX

Tel. 0272 654201
Call in and see us 9-5.30 Mon-Fri, 9-5.00 Sat. Trade and export enquiries welcome
CATALOGUE 1978
Our new 40pp Spring 78 Catalogue is now available. Price 35p to callers, 45p
post paid.

/I/Icrsholls

Our range covers over 8,000 items. The largest selection in
Britain. Top 200 ICs, TTL, CMOS & LINEARS.

POPULAR SEMICONDUCTORS (A very small selection from
our vast stocks. please enquire about devices not listed.]

CA3020A  2.28| LM387N 1.05| SN76003N 2.20| 1BA500Q  2.30] CO4008 1.10| T1IC 46 046 2N696 0.35) 2N3789 2.90) AF109 0.75] BC257A 0.17{BF154 0.25] MJ4%1 1.8
CA30284 1.01|LM388N  0.90| SN76008K 1.50|TBA510  2.21|C04009  0.84| Tic 47 0.67 2N698 0.62| 2N3791  3.10] AF125 0.65|BC2584  0.17]B8F160 0.30| MJE340 058
CA30288 1.29]LM389N  1.00|SN76013N 1.30|TBAS10Q0  2.30|C04010  0.84| gST0246 1.35 2N708 0.28] 2N3794  0.20]| AF139 069]|BC2598  0.18{8F166 0.40| MIE3T0 058
CA3030  1.35[LM702C  0.75|SN76013NO1.50 |TBA520  2.21|C0401'  0.24 2N708 0.28{2N3820  0.38| AF200 1.20|BC2628  0.24]BF173 0.35| MJE371 O
CA3036  1.10|LM709C  0.65|SN76018K 1.45|7BA520Q 2.30{C04012  0.24|BRIDGE 2N718 0.27] 2N3904  0.21| AF240 1.14|BC263C  0.30{8F1/8 025/ MJES20 045
CA3045 1.40 { LIM709N 045} SN76023N 1.45 | TBAS30 1.98 |C04013 0.60 | RECTIFIERS 2N720A 0.80{ 2N4036 0.671 AF280 0.85] BC301 0.401BF 180 0.35] MJE2955  1.50]
CA3046 089 |LM710C  0.60 [SN76023N01.26 § 18A530Q 2.07{C04014  1.15| B40 C1500 0.8 W 2N916 0.30| 2N1058  0.20{ BC108 0.15]8C303 0.50{BF 182 0.35| MJE3055  0.95
CA3048B 2,23 |LM710N  0.60 [SN76033N 2.20 [tBA540  2.21|CO4015  1.15|Pw00S5 0.84 [l 2N929 0.25| 2N4060  0.20(8C113 0.20 | BC308 0.15|8F184 0.38|MP8111  0.35
ca3049 180 |M723C  085|SN76110N 1.18[rBAS400  2.30|CO4016  0.64 | PwOY osec @2N1131 030 2N4062 018 8C115 0.20|BC309C  0.15{BF194 0.15|MP8112  0.40
CA3052  1.62 |LIM723N  0.75|SN76115N 1.51|78BA550  3.13|CO4017  1.15|pw02 o088 M2N1613 030/ 2N4289  0.20(BC116A  0.20|BC318 0.13|8F196 0.15]MP8113  0.45
CA3053  0.60 |LM741C  0.65|SN76116N 1.66 {TBAS50Q  3.22|DIL PNOA 095 [2N1893  0.38| 2N4920  ©.75|BC117 0.22|BC328 0.18|8F198 0.18|MPF102  0.30
CA3080  0.75 |LM741N 040 |SN76131N 1.20 |TBA560Q  3.22, SOCKETS P08 1.18 B2N2218 0.33{2N4922  0.55[BC118 0.20 | BC338 0.21 |8F200 0.35|MPSACS  0.25
CA3080A 1.88 |[LM7141-8 0.40|SN76226N 1.56 [T8BA570  1.29]| 8 pin 0.15 | k005 210 JW2M2219  0.35| 2N5190  0.80|BC121 0.45 | BC547 0.12{BF225J 0.15|MPSADS  0.25
CA3086  0.60 |LM747CN  0.90 [SN76227N 1.20 |TBAS70Q  1.38{ !4 oI 0.16 | k01 216 282220 0.35{2N5192  0.75|BC134 0.20 | BC548 0.12{8rF244 0.35|MPSA12 040
CA3088 1.70 [LM748-8  0.55 }SN76228N 1.41 [TBa641Q 2.70]16 pn 0.18 [ k02 248 QI2N2221A  0.26[2N5245  0.34|BC136 0.19 [8CY30 1.00]8F246 0.75|MPSA55  0.25
CA3089 2,52 |LM748N  0.55 |SN76530N 0.75 [TBA651 2.20418 pn 0.27 | ko4 3.12 BoN22224  0.25)2N5295  ©.40(BC140 0.35 | 5CY31 1.00{87255 0.24(MPSUO5  0.50
CA3030  4.00 |LM1BO0  1.76 |[SN76582N 1.40 [TBA700  1.52]22 on 0.30 |06 386 @2N2369  0.25|2N5298  0.40|BC142 0.30|BCY33 1.00|BF257 0.37|MPSUS5 055
CA3130 098 |LMT1808  1.92 [SN76533N 1.20 |TBA700Q  1.61§24 pin 0.35 {BY164 o057 JI2N2645  0.75|2N5448  0.15|BC147 0.12|BCY38 2.00|8F258 0.45|1iP29A 0.a5
LM307A 0,67 |LM1828  1.75 |SN76544N 144 |1ga702a 2.30[28 pn 0.45 2N2904  0.36| 2N5457  0.32|BC149 0.14|BCY58 0.25 |BF259 0.49|TiP29C 0.60
(M307N  0.40 |LM3302N  0.85 {SN76545N 1.65 |TBA750 188140 pn 055 |Rams 2N2905  0.37|2N5459  0.28fBC154 0.27 |BCYS9 0.25 | BF469 0.50{ TiP30A 0.49
LM304 2.45 [LM3307N  0.85 [SN76546N 144 |TBA750Q  2.07 {TRIACS MM2101.28  3.00 [2N2906  0.28| 2N5486  0.38|BC158 0.14 |BCY71 0.26 [8FS21A  2.60|TIP30C 0.65
IM307N 0,65 | M340IN  0.70 [SN76550N ©.35 [TBABOO  1.25}piasic MM2102.28  2.10 [l2N2907  0.25|2N6101  0.45[BC159 0.16|BD115 0.80|BF528 1.38[TIP31ICI  0.66
[M308N  0.85 |LM3900  0.75 |SN76552N 0.52 (184810  1.25)a00v6A  0.70 [Mm2111.2n  3.00 JlION2924  0.15]2N6109  0.50 | BC160 0.35|BD116 1.20 {FB561 0.30|T1P32A 055
LM309K  1.86 |LM3905  1.60 [SN76570N 1.65 |TBAB20  1.25[400vBA  0.75 [MM21122N  3.00 JI2N3019  0.55]2n6122  0.411BC167 0.12|80131 0.51[BF598 0.30[TiP33A 0.80
M317K  3.00 |LM3903  0.68 |SN76620N 0.90 |TBA920  2.90[400v 124 0.85 |[MM740920D 12.57 SI2N3054  0.60]4036) 0.50 | BC169 01280135 0.37|8FX30 0.35]|TIP3aA 0.90
(M318N  2.26 |MC1035  1.75 |SN76650N 1.10 [TBA920Q  2.99|400V 16A 1.10 2N3330  0.20|40362 0.55 | BC170 0.18 80136 0.37 | BFX84 0.35|T1P35A 2.50
IM323K  6.46 |MC1327p 1.54 [SN76660N 0.60 [TBA940 1.62{400v 204  1.70 [ROMS 2N3391A  0.20] 40406 0.60 (BC172 0.14 {80137 0.38BFX87 0.30| TIP46A 2.80
(M339N 140 |MC1330P 1.00 |SN76666N 0.92 [TCA160C  1.85§400V 25A 2.00 [MM5214 26.95 @l2N3393  0.15]|40407 0.52|8C177 0.20 |80139 0.40]BFx88 0.30[TIP41A 0.70
LM348N  1.50 [MC1350P 0.80 [TAA301A  1.00 [TCA160B  1.61|THYRISTORS 2N3939  0.88(40409 0.75 | BC179 0.23 {gD140 0.40 | BFYS0 0.251TIPA2A 0.80
[M360N 276 |MC1352P 1,10 | TAA320A 100 7CA270  2.25{Plasuc PROMS 2N3441  0.81]40410 0.75 | BC182 0.11 80239 0.40|BFY51 0.25|Tipa2c 1.00
LM370N  2.50 [MC1433G  3.30 |TAAS21 1.00 [TCA280A 1.30{100vV4A  0.35 [DM745287 5.33 JI2N3638  0.16{40594 0.80 8C183 0.11 1BD241 0.45 | BFY52 0.30|TIP2955  0.65
(M371H 170 {MC1435G  2.00 | TAA522 1.90 [ TCA290A  3.13{200v 4A  0.40 [MM5204Q 10.95 S@ON3639  0.30 40595 0.90 | BC183L 0.14 [8p243 0.60 | BFY53 0.34{T1543 0.43
(M372N 170 |MC1437L 2.00 |TAA550  0.60 |TCA420A  1.84|300v 4A  0.44 [MM1702AQ  10.80 JI2N3702  0.13[AC126 045|BC184L  0.14|BD244 0.65 |BRY39 0.50
LM373N 2.80 | MC1439G  1.60 | TAAS60 1.75 [TCA730 3.22}400v 4A 0.49 [MM2708Q 35.00 2N3704 0.15;AC127 0.45 | BC207 0.16 |BD245 0.65 | BSX20 033
IM374N  3.10 |MC1445G  1.95 [TAAS70  2.30[1CA740  2.76]/100vea 043 2N3706  0.16[ACIS1V  0.40]8C212 0.14 |8D529 045 1BSX21 0.32
IM377N  1.75 |MC1485G  1.70 | TAAB118  1.85{TCA750  2.30{200V8A  0.48 |SC/MP CHIPS 2n3708 0.43JACI62v 0501 BC212L  0.17 [8DS530 0.50 {8U205 220
LM378N  2.25 | NESSS 040 [TAA621  215]TCA760  1.38[300v8A  0.56 [P Channel 12.00 QlI2N3710  0.18[ACI53K 085/ BC213L  0.16 [BDY20 1.00[MEC402 020
IM3795  3.88 | NE556 1.10 | TAA6618  1.50 [TCAB00  3.13|200v8A  0.62 [N Channel 10.00 @2N3712 1.20|AC176K  0.65[8C214 0.16 {BF115 0.38 |MEQ412  0.20

M330.8 090 | NE56S 1.30 [TAA700  3.81{Uaa170  2.00{600v8A 074 2N3714  2.45|AC187K  0.60|BC237 0.14 {BF 121 0.55 |ME4102  0.10

LM380ON  0.98 | NES66 1.65 | TAA930A  1.30lUaA180  2.00}100v 12A 0.57 |BOSOA B BIT 2N3716  3.00|aD167 1.00| BC238 0.12|BF 152 0.25|mME4104 010

(M3B1AN  2.45 | NES67 1.80 [TAA930B  1.30|CD4000  ©.28{200v 124 0.65 |CHIPS 2N3772  2.00]AD162 1.00| BC251 0.168F153 0.25 |MU490 135

LM381N  1.60 | SAS560 250 [RAD100  1.95|CD4001  0.24[300v 12A 073 JINSB080A 23.45 y

LM382N  1.25 | SASS70 250 | 18120 075104002  0.28{400v 124  0.81 [DP8224N s.16 ll WHY NOT PAY US A VISIT AT OUR NEW CENTRAL LONDON BRANCH AT 325
LM38aN  1.45 | SO42P 1.25 | T8A400 2.001CD4006 1.34 600V A 0.97 |OP8228D 7.30
(M386N  0.80 | SN76001N 1.30 [ TBAS00  2.21]CDa007  0.28iTiCaa 032 |oP8212N 30s |l EDGWARE ROAD. W2. ABOUT 100 YARDS NORTH OF THE WESTWAY
B . R

WHAT IS A MICROPROCESSOR?" A COMPLETE TEACH YOURSELF [l FLYOVER- EXTENSIVE STOCK RANGE.

1978, but please add VAT p&p 40p

Prices correct 10 Jan

COURSE WITH CASSETTES + BROCHURE — £9.95 INC. OF VAT & P&P

TV GAMES JC12. JC20 AND
vis €5.95 JC40 AMPLlFIEﬂS
€9.95 A range ol i
€13.95_ 4 43 MHz cry audio ampiitie ]
£1.95, Black and white 1V wih free data and printed
ame rcuits JC12 6 Watts ;
£10.50 e €1.95 JC20 10 wart
£5.95. sk £2.95. JC40 20 watts
£18.00 £4.20.
€134s tor kit adc omo Send sae for free data on all 3 mode
ck £7.50. Rifle ki €4.85.
o nt data leafle FERRANTI ZN414 3
racho chip £1.44. Extra paris and pcb for radio
NEW COMPONENT SERVICE £3.85. Case £1. Send sae for free data
Resistors 5 rbonE12 1010 10M Model 144-5
W 3p. Preset pots subminiature 0 1W 100 1o BATTERY ELIMINATOR BARGAINS ..
am79p. Potentiomaeters s \W 4K 2M2 log TV games power unit siabilized 7 7V 100mA s d
o "5y, Potysryrane capaci. |  £3.35. oy modsis win S41ENED outpul a0 ensitivity under
tors £12 630 22p! 1 10p! 3V2p. Coramic 3 way mulack 3 4% 6Y 100mA £2.92.
capacitors EG 22pf 1o 47000p! 3p. Mylar 9v 150mA €3.30.100mA radio modsis
capscitors 100 02 005ml 4p. 01 with press stud connectors 9V £2.85. 6V €2.85. 15 uv S|N D
5 4vip Polyester capacitors . Eov et v €2.85. 9V +9V £4.50. 6V+6V €4.50.
, 1mt 5%, 15 22 33miTp, 47mt 4.v+d .\ £4.50. Cassette recorder mains 1
1p. Eloctrolvtvc- 50V 47 1 2mi6p. 25V 5 it OmA wih & pin din plug €2.85. ‘.
Omi Sp. 16V 3 47mi6p. 100mi 7p. 220 ed madel swiiched output of
8p. 4/0 11p. 1000m! 18p. Zener diodes 5 9V 400mA siabilized £6.40. Car
100mW E24 3\ 33V 8 Vap. converters | 2V DC mput Output 9V 300mA
MAINS THANSFDRMERS £1.80. Output 773V 300mA £1.80.
i ‘\A 84p 12 BATTERY ELIMINATDR KITS
/ A Send sae for Iree ieallet on frods \a -ﬂ
£189. 606 909V|A£199 ress stud battery
12v 1 €2.79. svnso 9V €1.80
0 30V A £1.99. 4 .v+d -V €2.50. 6V +6V £2.50. 9V + 9V
. £2.60. €2.50. . .
Cassette typs / 7 100mA with din plug £1.80. e 5 channels, remote switchable e 6 pole crystal filter, better
PRINTED CIRCUIT M“ENALS Transistor stabilised 8-way ryps lor (0w hum than 75 dB adjacent channel rejection e Image rejection better
ec 8 ma £3.20.
€382.5 s pch 40p. L FtT e1.08. Exen Amp €6.40. than 75 dB; all other spurious better than 100 dB e audio out-
resist pena; Economy type 45p. Daj type 83p. Heavy duty 13-way types 4, 6 8
20p. Lamina e 76p. E e 17 20 56 Y55 31 42v 1 Amy put 250 mW e 2.35 x 4 board e 8-20 VDC: 15 mA nominal
sh 68p. ga8s . amy £7.95. drain, squelched
kit | 12v D []
S-DECS AND ar o""uv:."w.:\‘," r'\m 'ah . £C1 g;um c
T-0ECS: Susbiined pomr kite § 157 1000 €3 00 een Also models for 29, 50, 220 and 440 MHz
SDeC £2.23. 11 ’ ¥ b N Commercial versions for other  *
G0, o BB EMI: ;‘U:Ij(sBUY o Electronic Signal Products, Inc. frequencies can also be suppfied
O N mum pucsse of one tam €10. SN /60238 2250 G Landmeier Rd.. Elk Grove, IL 60007 USA, (312) 364-0080
S G S . rystals 65p. /41 8 . ———— ——— — — — ——— —— — — — —— — — — — s — —
' Jalp pens S8p
SINCLAIR PRDDUGTS* SNJ0558 31p. BD131 309 BC107 Tp. 8C106 £e ’-1 Electronic Signal Products, Inc
gram 1 Tp. 80212 8p. 1N1002 8.2p. Brdge rectibers 2250 G Landmeser Rd.. Etk Grove, IL 60007 USA
€13, 95 Fvug v £4.95. Ma OV prv AZGp, 2A 33p. Elecurolytics axi
€3.20. ce €8.45. Oxlord U 10V 36p Name. Call BANK AMERICARD
e £10.60. ¢ e £8.95. Presude Y i
B e e e CUT PRICE TELETEXT Address g 6 pole crystal filter
Adapior £3.24. Labgear CM7026 -ady 10 use atiractively cased VISA available separately
mplete unit which just ptugs straight into the ity only $20.00
BI- pAK AUDIO MODULES socxet of the set giving full Cofour and d
ler £21.85. AL60 £4.86 equining no mod muz., 10 the TV Remole State/Country Zip
14.95. M6 3 ontrol page s €323
517.95. PMB0 £3.75. BMT nd sae Texas Instruments Tifax Module for th
ot fre cntiend ed do f yourselt man €120 Please ship 6 pole crystal filters at $20.00 each
. CCheck or money ardes tor § Please ship 144.5 recewver hits at $59 95 each
SWAN LEY E LECTR O N Ics [ Charge my VISA/BankAmer icard # Please ship 29 50 220 recewer hits at
DEPT. WW. PO BOX 68, 32 GOLDSEL RD., SWANLEY, KENT BR8 8TQ $5395each 440 price information
Mail order only Piease add 30p to total cost of orderior postage Prices include VAT Overseas Card expires Signature
customers deduct 7% on rtems marked” and 11% on others Official credit orders welcome

www americanradiohistorv com
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The C15/15 is a unique Power Amplifier providing Stereo 15 watts per channel or 30 watts Mono and can be used with any car
radio/tape unit. Itis simply wired in series with the existing speaker teads and in conjunction with our speakers S15 produces a system
of incredible performance

A novel feature is that the amplifier is automatically switched on or off by sensing the power line of the radio / tape unit hence alleviating
the need for an on/off switch

The amplifier is sealed into an integral heatsink and 1s terminated by screw connectors making installation a very easy process

The S15 has been specially designed for car use and produces performance equal to domestic speakers yet retaining high power
handiing and compact size

C15/15 Dataon S15

15 Watts per channel into 4Q0 6'' Diameter

Distortion 0.2% at 1KHz at 15 watts 5% Air Suspension

Frequency response 50Hz - 30KHz 2" Active Tweeter

Input Impedance 8() nominal 200z Ceramic magnet

Input sensitivity 2 volts R M S for 15 watts output 15 Watts R M S handling

Power line 10 - 18 volts 50 HZ - 15KHz frequency response
Open and Short circuit protection 4() Impedance

Thermal protection

Size 4 X 4 X 1 inches

C15/15 Price £17.74 + £2 21 VAT P & P free S15 Price perpair £17 74 + £2 21 VAT P & P free

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

L.L.P. Electronics Ltd Please Supply
Total Purchase Pric

Crosglan(i House I Enclose Cheque Postal Orders Money Order
Nackmgton, Canterbury Please debit my Access deconnt Barclaycard account

Account number
Kent CT4 7AD Name & Addiess

Tel (0227) 63218 Signature

WW —057 FOR FURTHER DETAILS
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Z &1 AERO SERVICES LTD. RETAIL SHOP
- 85 TOTTENHAM COURT ROAD. W.1
Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF Tel 580-8403
Tel.: 727 5641 Telex: 261306
FULLY GUARANTEED
02 055 EYS1 060  PL802 2.80
R.C. OSCILLATOR [m o € 050 PRI 050
082 060 EY87 050 pY33 063
G3-36A 9. o1 £ 055 P80 050
EYS00A 150 PY8) 0.70
Made in USSR 1% 0.50 €60 050 P82 055
Portabie transistorized R -C oscillator 1X28 120 £281 050  pye3 070
providing sinewave and 50/50 SR4GY 110 KT66 450 pyss 075
squarewave Four separate output 546 060 = KT88 580 pY500A 1.30
sockets give attenuation ratio of 1, 10, 50468 0.95 12006 065 i VALVES PC85 085 1721 7.80
. 5WG 060 12007 047 P38 085 12 7.80
100 and 1000 Output 0-5 volts
5Y36T 065 12AV6 085 PCa2 085 yascs)  0.58
R M S Frequency range 20Hz-200KHz 57467 065 124V 100 goops T T og5 P03 050 Al 080
in four bands Output impedance 5AB4 055 12AX7 055 froes 075 a0 o4 P07 095  aF42 0.70
6000} for sinewave and 400002 for | 6A5 065 128 085 (oepg g0 (g5 0.4 PLCB4 050 yscal 070
squarewave Harmonmic distortion 1- B6AKS 055 128 065 e 08 Erss pgo FPO85 060  ygcsl . 0.60
2% Power supplies 200-240V AC BALS 040 12BE6  0.80 epag  glgp  Ero7 070 PCCBY 075 yBrad  0.60
Price R €37.00 |06 070 128HT 075 gy g5 gy pgo [CCIBY 100 uprsy 060
65 075 12X4 050 et 0B ¢ns3 oo POB0 065 yeeas 075
Packmgoand delivery £2.00 5AS6 100 1905 075 oo 090 Ee o070 PURB? 045  yogs 0.55
(VAT B% to be added to the above 5ATS 0.75 353 070 ‘o0t 080 E200 120 PUFB4 065  UCFa0 075
figure) . 66 075 385 065 fan  gas  pgs 09 TURDI 110 uCksl  06s
6AwBA 075 3505 070 pret> 095  ELa) ogp PLB! 065 yrLsl 0.70
6AU6 050 35W4 070 (o 10 B8l 065 P2 080 ris 0.75
] 8AVE 075 5005 100 gt phe pg o6o "CLB4 075 yCs3 080
TAUT SUSPENSION MULTIMETERS S8 045 EAD 05 ecws  oso ms3  oep PO 085 w100
GBE6 048 EAM2 070 Lo gss par a5 POBDS 075 UMD 050
Made in USSR 86 120 EMEDI 070 oo 0% pee g7 POSI0 335 Uigs 050
5BNE 0.80 EBCH 0.75 ECL80 0.60 £195 0.70 PL36 110 yra9 055
6826 065 EBCBI 070 iy 075  Es04 o.80 PLB 065 yLa1 0.80
TYPE ua3i3 u431s 6877 0.70  EBF8O 050 o 060  EMSO 065 P! 0.80 L4 0.85
Sensitvity DC 200000 p v 20,0000 p Vv 6C4 055 EBFB3 050  cles 115 EMB1 060 P82 055  ymgo 0.60
i 8086 055 B89 045 PE3 050
Sensitivity AC 2.0000p v 20000pv 6006 220 EC36 075 ECLB4 070  EM83 050 o - ums4 0.45
pcc 60, A-1 5A 50,A-2 5A 73 ess 065 a4 ogo 84 075 uwz o0
urrent H N o BA 66K5 070 EC8B 075 PLY5 0.70  yyg? 060
AC Current 0 6mA1 5A O il 6GKE 0.90 091 280 Ay oprices are exclusive of VAT  PLS04 105  yygs 060
D C Volts 75m V-600V 75mV-1000V 54 1.20  ECCB4 0.60 (12 4] PL508 1.30
| A C Volts 15V-600V 1V-1000V
P i . Resistance 1K-1M 300()-500k(2
o R . Capacity 05,F 0 5uF When ordering by post please add (unless otherwsse indicated) 30p in £ for
i §ﬁ Accuracy 15%DC 25%DC packing and postage. plus appropriate rate of VAT
%} ) 25%AC 4% AC Minimum order charge for approved credit customers s £20 00 Any order
- below £20 00 (before VAT) should be accompanied by remittance
Minimum transaction charge for cash order, regardless of the value of goods
Price complete with pressed steel £17.50 £14.95 s £1.00
carrying case and test leads. Our new 1978 Catalogue 1s now ready Please send P O. or stamps for 30p
Packing and postage £1.50 £1.50 f
Plus VAT at 8% O §2XUIr ({237

WW—062 FOR FURTHER DETAILS
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All the Bopla range, with the excep-
tion of BOCON are to /P65 standard,
being very accurately made. Their lids
are sealed by a recessed continuous
ring gasket, which will also resist

toned high impact poly
styrene case to 1P44. In

— 54“'?'"'“"‘ o petrol and oil. Fixing screws are g,‘z;’;/ggc;,sgffgé Cg’;fj,{b'“k' or
A0 50 45 30 247! A1¢ 360 120 8018.35 outside the sealed chamber, but L B H
AW1 68 64 34 354 AI25 160 160 901558 inside the case. Bopal are alu- BOC410 100 50 25 1.74
A2 98 64 3¢ 416 A130 260 160 90 19.45 minium and Boplast either poly- BOC420 100 50 40 1.85
A0S 150 B4 34 S| AT 360 160 90 2427 carbonate or glass polyester. gggﬁg }52‘,8 gg ‘s‘g ;-g;
AIDS 75 80 57 S.18| A1 560 160 90 3725 Certain sizes can have clear Seos Dy L) oo
AUD 125 80 57 676 Al40 200 230 110 33.37 covers BOC450 188 110 70 297
A5 175 80 52 770 AT60 330 230 110 4407 . BOC 460 188 110 100 3.39
A117 250 BO 52 10.85 | A165 330 230 180 62.42
A120 127 120 90 11.78 | A168 400 230 110 5717
A123 220 120 90 1427 | A195 420 240 210 54.06

Po ycarbonate

M205 52 50 35 2.04]| MZ35 160 80 90 5.57
M206 65 50 35 2.84 | M240 250 160 90 10.23 Bocon handles.
MZi0 87 80 55 .75 | M40 240 160 901023 mounting brackets
M215 120 80 55 4.27 | M241 250 160 120 13.73 and aluminium panel
M217 122 120 65 .68 | M242 240 120 100 9.00 Glass Polyester ;S'asll'ggliafe also
M220 160 80 65 5.00 | M243 240 160 120 13.69 L B H L8 H
M221 200 120 75 8.A7 | M244 340 150 100 1544 | P30S BO 75 G 680 | P3% 80 75 75 745 -
M223 200 150 75 9.00 | M245 340 150 1261715 | P3IT 10 75 50 743 [P327 230 75 751186 =4 )
M225 82 B0 85 427 | M25D 250 160 150 13.69 | P3I6 160 75 50 847 [ P36 190 100 901555 i N
M226 120 90 85 5.00 | M252 300 230 65 1497 | P319 190 75 50 9.25 [ P330 163 160 90 20.01 <y -
M227 122 120 85 6.46 | M253 300 230 85 17.19 | P322 230 75 50 10.04 | P333 260 169 90 2477
M228 127 120 119 7.74 | M254 300 230 110 19.76 [ P323° 55 55 58 5.95  P334 360 150 90 30.88 | T prices are one off and walude
M230 120 80 9% 5.00 | M255 360 200 1502490 | P34 110 75 75 8.35 | P35S 400 250 1205760 | | p & P but not VAT. Discounts
M231 160 B0 5 557 P325 160 75 75 9.10 on quantity

. Phone: Aylesbury (0296) 20341. Telex: 83570
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FOR RESEARCH MACHINES 380Z COMPUTER SYSTEMS PLEASE SEND
FOR INFORMATION AND PRICES

E ALL EX-STOCK — SAME-DAY DESPATCH
N MAINS ISOLATING VAT 8% 12and/or 24-VOLT
PRI 120/240V SEC 120/240V Separate 12V windings Pr 220-240V
D 104 230 058 023 T3 Centre Tapped and Screened ‘Ref Amos £
2015 ;.g: 1.02 g.ggw 0.23 1.90 Ref. VA (Watts) £ 24y
1016 0. 1 144 040 b 4 0.23 1.24 T .
F CMOS 1/1.0800403:  1.97 (04051 0.94 (01 023 141 ,29 gg :;g n ¢25 2.20
o Wity RCA 4 1.03 CD4 1.22 (DA 0.94 (0 134002 172 1 . ¢5 264
CoI 05801 3.29 (D4 0.94 (D4 0450045 284 50 100 7.13 3.51
R - 4 017 1.28 0.98 (U4 120 0.23 12 3.24 151 200 11.16 - 4.03
0( 0.18 (1 1.04 (04 110 701 1.36 (D4 0.23 1.40 152 250 12.79 5'35
D4 0.17 C04 0.94 3.20 (04 136 04 023 125 153 350 16.28 :
CD4006 120 (O 0.23 111 C0a 49302 0.74 119 154 500 1918 6.98
€D 018 0.80 0.86 LDI060  1.18 0.74 1.64 155 750 29 7.67
€D 1.00 023 0.86 113 160 01 1.39 b 9.06 8.99
f 0.58 ([ 1.78 101 0.63 0.92 0.90 156 1000 37.20 10.39
CD3010  0.58 CDJ 0.58 0.96 3.85 1.94 [i5h 0790 167 1500 45.60 10 13'13
CD3011 8.20 (D4 0.92 01 145 165 0.23 4095 1 0B MC 14528 1.22 158 2000 54.80 15 17.08
CD4O1 ggg d 1.18 137 023 1.08 v } 4.68 159 3000 79.05 0A 3: 2682
co .58 COIC b ! 4 . o : .
= — 9.58 - A0 70 51 = 3.85 wr _80s #115 or 240 sec only State volts requir -
d
COMPONENTS S 30 VOLT RANGE
SOLOERCON CLOCK CHIPS DISPLAYS cAYSTALS MESB000  190.00 50 VOLT RANGE Primary 220-240V
PINS AY51202 310 FNDS00 1.30 32 768XHz 3.50 MC6800 15.97 Primary 220-240V SEC TAPS 0-12-15.20-24-30V
180 050 4y51224 3.50 1L32) 1.50 5 12MH; 3.60 MCBE20 8.02 SEC TAPS 0-20-25-33-40-50V b nect
1000 4.00 MK50253 5.60 TIL322 149 280-CPU 28.44 i P!
3000 10.56 5101 4.90 MEMORIES/ Ps  7BOACPU 35.98 Amps
210246 205 280 CTC 12.80 0.5
Free data is availaple on some of Inese items SENO FOR FREE CATALOGUE 21124 4 2.90 280710 12.80 78; A(;'lsp 10
20
DATA BOOKS oo 50
Mamory Drsign Hanabook €5.20 105 86 20
" M e Syst Mar £5.25
JB5 M rocambeitr Svatem User < M €515 106 40 50
Motorola Booklet tor 1o the Miciop €1.80 107 6.0 6.0
Mo McMOS Da k1Y £3.50 118 80 8.0
S s 1100 8__100
DpTs T ot Mo £0.78 60 VOLT RANGE AUTO TRANSFDRMERS
F Natianat Semiconducior 111 Databook 2,10 Primary 220-240V VA (Watts) TAPS £
A CMO oy (€ BREieen £5as SEC TAPS 0-24-30 40-48-60V 15 0115210240V 2.48
R exas Insirume at Mg . 3 e 8 64 75 0.115-210-24Jv  3.95
1 views of 74¢ t T M £2.95 0 N 1o d4p 4 150 0.115-200-223-240v5.35
E ssembi hguage Programming Manua £7.50 Ref. Amps 66 300 7.75
E 50 s o foeo 124 05 3.88 67 500 10.99
AT P S e £ 126 10 558 84 1000 18.76
c THE BEST OF 8YTE Vol. 1 A seiection of best articies from the first twelve issues of BY TE magazine 1%7 20 7.60 33 1500 233.:36
£11.95 125 3.0 10.54 5 2000 4.82
A " T oW, 5 B 123 40 1223 73 3000 48.00 )
T FAST SERVICE We guarantee that Telephone Orders for goods in stack, received by 4 15 f‘,o 50 1395 SCREENED MINIATURES Primary 240V
p.m. (Mon_-Fri} will be dispatched on the same dsy by 15t Class Post (some heavy itams by 120 60 15.66 41 "Ref. mA Volts )
parcel post) and our stocking 1s good. Private customers should telephone and pay by giving 121 80 20.15 238. 200
F-Nl tcic Access or Barclaycard number with a mimimum order value of £5. Official ordare me 122 100  24.03 ;
minumum. Official orders, Companies, Govt., Nats.. inds.. and Univs. 189 120 2713 212 1A 1A o
L ORDERS: ‘ I 1 HON 3 A P 13 100 9.
O NN S R HIGH VOLTAGE | 235 330330 ¢
" . . : MAINS |SOLATING YA 1 o :
G ! Pri 200/220 or 400/ 440 N & 3.53
U SINTEL Sec 100/ 120 or 200/ 240 za0) 3! g4H
(===| SEND YOUR MA ;
E orDErR T0 PO BOX 75C OXFORD ey B pougsnes 2.56
A . - 7 g
L) Tel: 0865 49791 247 1411 184 1291‘2“ & g_‘;;
250 3565  OA 500,500 O 3.99
252 54.25 DOA 1A 1A O 539
S$112 500 2.64
3 .
45
=%_ | Audio Connectors 4| CASED AUTO. TRANSFORMERS
C' 65p| 240V Cable input USA 115V
i 80, Flat pin outiets P&P Ref.
P

15VA £4.96
£6.03
€8.48
£9.92
£15.73
£18.55
€22.68

Broadcast pattern jackfields, jackcords, plugs s

‘ i and jacks.

Quick disconnect microphone connectors
< Amphenol (Tuchel) miniature connectors with

£1.05
£2.35,

*PEP 15p VAT 122% # VAT 8%
TEST METERS

i AVO8 Mk 5 £71.00 €26.02
.’ J coupling nut £29.00 €37.65
£39.10
i Hirschmann Banana plugs and test probes ——

: | [ AVOMMS5 MINOR £24.00 HIGH QUALITY MODULES

XLR compatible in-line attenuators and WEE MEGGER £58.80 10 an RMS Amphiier

reversers. AVO TT169 (tests transistors | 35 o0, RMS Amplifier

a creuit, no soldering)  £30.00 | 75 an RMS Amplifier

U4315 budget meter (42
ranges) 20Km/vDC 1000V
AC’DC (9 ranges) 2 5A AC/DC
500Km resistance. in robust
steel case with leads, full in
structions £14.95
Avo Cases and Accessories
Ex-stock. P&P £1.15 VAT 8%,

MINI-MULTIMETER
DC1000V AC 1000V
AC/DC-1000%
DC-100mA Res — 150K
Bargain at £5.86
VAT 8% P&P 62p

PLASTIC CASES
P81 —-77 x56 x 37mm 46p
PB2—95x 71 x 35mm 56p
PB3-115x95x37mm .60p
p&p 29p VATS

STEREQ F.M. TUNER

‘Low cost slider faders by Ruf

Future Film Developments Ltd.
36-38 Lexington Street

° London W1R 3HR

- 01-437 1892/3

WW—038 FOR FURTHER DETAILS

125 watt RMS Amplifier

Pre-Amp for 10w

Pre-Amp for 25w

Power Supplies for 10w

Power Supplies for 25w

Transformer for 10w

Transformer for 25w (one module}

P&P Modules 35p. Trans 96p. VAT 12 %

STEREO 30
Complete chassis, inc 7+ 7wrms amps. pre-amp
power supply. front pane!. knobs {needs mains
trans.) £19.05. Mains trans £3.57. Teak veneered
cab £5.25. P&P £1 02 VAT 12%%

“NEW IMPROVED"
NS INTERG(

NO BATTERIES

PLUG-IN — SAVE BATTERIES!
3300. 6. 7.5. 9v at 300mA plugs direct into
13A socket (fused) £3.30
B12.3,45 7.9 12v500mA £5.32
STABILISED 3, 6. 7 5. 9v at 400mA £6.61

14.95
£+ VAT £1.20
Latest transistorised Telephone Amplifier
is completely automatic with detachable
plug-in speaker. Placing the receiver on
to the cradle activates a switch for
immediate two-way conversation with
out holding the hand-set. Many people
can listen at a time. Increase efficiency
in office. shop. workshop. Perfect for

conference” calls: leaves the user's
hands free to make notes. consult files
No long waiting. On/Off switch. volume
control.  Model with tape-recording
facility £16 .95 + VAT £1.36. P & P 89p
C wW.0 10-day price refund guarantee

WEST LONDON DIRECT SUPPLIES (W/W)
169 Kensington High Street, London W.8

per pair
+ VALl £375
Made 10 High Safety and Telecommunica-
tions Standards The modern way of instant
2-way communications. Supplied with
3-core wire Just plug in1o power socket
Ready for use. Crystal clear communications
from office to office. Operates over “z-mile
range on the same mains phase On/off
switch Volume control Useful as office
intercom. surgery and homes. between
office and warehouse Full price refund if
returned in 10 days Six months' service
guarantee. P & P 99p

Phase lock loop 4 pre-selected
stations, varicap tuming. switch
ed AFC Beacon £20.45
P&P 40p (VAT 12V2 %)

ANTEX SOLDERING IRONS
15W £3.75. 18W £3.75. 25W £3.75
Stand for above £1.40. P&P 46p VAT 8%

Special offer: Trans BE2 —
Pri.0-90-110-200-220-240V.
Sec. 0-110vV 0-20-24V 2.5A
£2.25. P&P 95p.

PLEASE ADD VAT AFTER P&P
R RES CAP

MICONDUCTO ACITOR SEMI CONDUC

R AUDIO ACCESSORIES BARGAIN PAKS SAVE POS

AG ALLERS WELCOME (MON-FR!} OR SEND 15p STAMP
FORLISTS

PRICES CORRECT AT 25/12/77

-Barrie Electronics Ltd.
3,THE MINORIES,LONDONEC3N 1BJ
TELEPHONE: 01-488 3316/8

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST.

WW — 058 FOR FURTHER DETAILS

www americanradiohistorv com


www.americanradiohistory.com

102 WIRELESS WORLD. MARCH 1978

SERVICE TRADING CO GEARED MOTORS

o 1000 R.I:J.Mi8115|bs. ins.!!
1151b.ins 110 volt, SOHz. amp. single phase
VAHIABLE VOLTAGE TRANSFURMERS spht capacitor motor tmmense power Continuously
rated Totally enciosed. Fan cooled. In-lne gearbox
INEUTR2300 1A C 350460 Length 250mm Dia 135mm Spindie Dia 15 5mm

OUTPUT VARIABLE 0/260v. A.C. Length 145mm. ex-equipment tested €12.00 Post *

€14.58 inc VAT & P} Suitable transformer
BRAND NEW. All types. £1 50 SO SEHln (IO
200W (1 Amp) fitted A/C 2307240 volt £8.00 Post 75p (£9.45 inc &P

WHY PAY MORE?!

MULT{ RANGE METERS Type MF154 AC /D C
volts 10 5D 250 500 1000 Ma 0-5 010
0-100. Sensitwity 2000V 24 range, diameter

133 x 93 X 46mm. Price £6.50 pius S0p P&P voltmeter . .......... £12.50
1€£7.56 nc VAT & P) 0.5 KVA (Max. 2V2 Amp) .. £15.00 5:?
1KVA (Max.5 Amp) .. ... £19.50 BODINE TYPE N.C.1. \\ o
' 2KVA (Max. 10 Amp) . ... £32.00 GEARED MOTOR g E
TRIAC oot 3 KVA (Max. 15 Amp) .... £39.50 (Type 1) 71 rp.m. orque 10 (b in 4
Raytheon g symmetrical Triac Type Tag 250/500v. 10 amp 500 piv S 4 KVA (Max. 20 Amp) . .. . €60.00 Reveraible 1/70ih  p cycle 38 amp This U S A motor is offered in
Glass passivated plasic triec Swiss precision product for long term with tcanstormer for \230{240\1 AC snput Prce type £6.25 Post 75p
rehabiity €1.25 P&P 10p (€1.46 nc VAT & P) (inciusive of date and RS “‘,’ﬁ; 55)"71{ gsr:";gg"’gl‘f;‘é‘-g 705‘055;@(‘;*;55 e
. \ : v ntnuously r n
sppicationisheelRSuiablelNecl22p: LT TRANSFORM ERS reversible £6.50 Post 75p (£7.83 nc VAT & P
0 to 60 MINUTES CLOCKWORK TIMER. 0-12v/24v at £2.50 p&p 501 (£3.24 inc VAT & P)
Doublepola153mp230AC Contacts (no chal) £1.50. P&P 30p (£1.94 0 16y at 1 am 015y al 1 amp 30y | ampi £2.50 p&p 50 £3.24 .
inc_VAT & v nc VAT & Py -&
25-0-25v 3t 2% amp £4.50 p&p 75p (£5.67 inc VAT & P) FR.A‘-EMO i 'l"
D-12v/24v. 10 amp £12.35p&p £1 50 (£14.96 inc VAT & P) R
MERCURY SWITCH 0-4v/6v/ 24y, 32v a1 12amp €13.00 p&p £1 50 (€15.66 inc VAT & P) 0 n o
Size 27mmx Smm 10 for £5.00 {inc VAT £5.72) M 0-12v at 20 amp. or 0-24v a1 10 amp.£12.00 p&p £1 60 {£15.01 inc o £15.00 73 (£17.82).
quantity 10 VAT & P)
0-6v/12v/17v/18v/20v at 20 amp.£14.00 p&p £1 50 (£16.74 inc
VAT & P
0-6v/12vat 20 amp €11.85 p&p £1 00 (E13.88 inc VAT & P
Other types in stock phane in enquiries.
CONTACTOR PARVALUX GEARED MOTOR )

Mfg by Hendrey Relays type C2839 220/250
ACops Contact 4C/Q at 20 amp at 140 volts AC
price £6.00 P&P 75p (£7.29 inc VAT & P)

(A Y
€ SD18 23 pm 3y =
300 V.A. ISOLATING TRANSFORMER £15.00 “ar ! ‘%
230 screened primary. two separate or 115v for 115 or 230v )
Sscandary two 115vat 150 V.A eachfor 115 0r 230v output Can be used in
senes or parallel connectons Fully tropicalised Length 13 Scm . width
lem  weight 15ibs Special price £6.00, carr £1 00 (£7.56 inc VAT & P)

230 VOLT AC FAN A E.G. WATER PUMP

00/240v ac motor. 2850 rpm 480w

ASSEMBLY COMPRESSOR, precson buii by tmerson USA Homonialy | 2000240705 Dot 2850 fpm 480w
ng‘gl C:""s".}“,’,“s:y ’ar“ed A? "‘O;f" °°’gp‘e;§ )pposed twin head diaphram type producing 20ibs Plus P § | per head 3 5 with 17" inlet and outlet delivering approx
;’.m £3 goep&;ssapu(?é &m.,.f"weg ;T “ plus CF M Output vinually pulse free Powered by 110v A C motor swe 40 galls per min a1 10ft head Ideal for
: : 3w x23x15cm weight 7 kilos Price £20 p&p £2 00 hnc VAT £23.76). pumping or circulating any non corrosive

1able nsformer for 2 )40v A C £8.00 p& 0 nc VAT lght wiscosity hquid Dozens of uses in

21-WAY SELECTOR €9.72). industrial labs etc Note this pump 15 not

= . self-prming Price €15 + 75p P&P (€12.01
SWITCH with reset coil e VAT &P}

The ingenious electro mechanical device can be
switched up 10 21 positions and can be reset from

STBUBE' STROBE! STROBE!

b p 5]
530/560u A C "oparanion. Uit 1t moented o % HY-LIGHT STROBE KIT Mk. IV * | CITENCO 19 RPM
strong chassis Complete with cover Price £5.50 Latest type Xenon white ight tube Solid state iming and triggering FHP motor type C 7333/15 220/240vac 19
P&P 75p (€6.75 inc VAT & P} . %« (E:)n;cull 230 240 volt A C. operation Speed adjustable 1-20 f ps M rpm reversible motor. wrlque 14 S‘kg Gear rano
A e i Iout sramss e t18.90 pourt a0 shme unt | fieds ST 2t vae EreT0me At A
g {so calles oule) strobas Price post£1 (€£20.56 inc VAT .25 .20 10
VORTEX BLOWER AND ¥ &P) Specially designed case and reflector for Hy-Light £8.25 Pos; M
\DIACUUM UNIT .  [100(€9.99nc VAT &P *
ynamically balanced to 1aily enciosed 9'
rotor with max ait deiwery of 15 cub *********************: REVERSIBLE MOTOR 23(3VAC
metres per min. Max statc pressure Geneval Electiic 230v A C. 1.600 rpm. 0 25 amp Complete with
600mm W.G. Sucton or blow from 2 * ULTRA VIOLET BLACK LIGHT * anti-vibration mounting bracket and capacitor O/A size 110mm x
side-by-side 37mm 1D circular apertures ¥ FLUORESCENT TUBES 95mm Spindie 5/16' dia. 20mm long Ex-equipment tested. £3.00
fitted 1o base of unit Powerful continuously * 4ft. U watt £7.75 (caiiers only) 2ft. 20 watt £5.50. Post 60p * Post 50p {€3.78 inc VAT & P)
rated 115va.c motor mounted on alloy base x (For use in stan bi-pin frttings). Mini 12in. 8 watt £2.50. Post 25p »
;,.zm fixing gacr:lm;; Olmenhslon: Lze;gm x (€2. 967 inc VAT & P) 9in 6watt £2.00 Post 25p (£2.83 inc. VAT
cm x o widt! cm  x  height cm &P) 6in 4 watt £1.75 Post 25p) (£2.16 inc VAT & P)
These units are ex-equipment but have had mimmum use Fully tested x Complete bailast unit Either 6. 9" or 12’ tube 230V AC op » METE‘RS 90m’m q!ame‘er 00A
prior 1o despatch Price £12 + £1.50 P&P (E14.58 inc VAT & P} €3.50 plus P&P 40p (£4.21inc VAT & P) Also available for 12V 25 CIEA 758 0 504 OC vons iy SR
Surabe transformer for 230/240vac £6 + £1 PP (€7.56 inc VAT& | 4K D C op. €3.50 plus P&P 40p (€4.21 inc VAT & P) b 2 ? % : ’
P (ISP PSPPI RS0 €3.50 14 €432
CENTRIFUGAL BLOWER
iig_ by Smuhs indusiries 230/240v 3. Mimature Mogel Seriss XENON FLASH
SE7200. Size 95mm x 82mm x 82mm Aperture 38mm x 31mm. | GUN TUBES 0 .
cfm €275 Post 50p (£3.61 inc VAT & P) RangelolXeran e e e e == VENNER TYPE' ERD TIME
Smith type FFB 1906 022 220 240v A C Aperture 10x4 veral stock S A E for full details = SWITCH
size 16x14cm Price £3.76 p&p 75p (e VAT £4.86). Other type 200/250V A C 2 on’2 off every 24 hrs at any
_available phone for details Wide range of AC and DC relays available manually pre-set tme 36 hour spring reserve and day
Herght Width  Length R E LAYS fram stock  Phone or wnte in your omitting device Built to highest Electnicity Board
NI-CAD BATTERIES {mm) (mm mm enquinies specification. Price £7.75 P&P 75p (£9.18).
23 AH 1 2v Plasiic C 1 14 7 5
35 AH 1 2v Mol 16 50 §1g 72 o gapq;uov A.C.Relayn: Arrow. 2¢/0 15amp £1.50 (£1.84 inc. VAT
40 AH 1 2v Plastic C 275 3
Postage 30 por uit % £ & TEC open type 3 c/o 10 amp £1.10 (£1.40 inc VAT & P). Mag SANGAMO WESTON TIME SWITCH
Devices 2 c/0, 20 amp £1.50 (€£1.84 inc VAT & P). Omoron or ) amips contacts w
Keyswitch 1c/0. 7 amp £1.00 (£1.30 inc VAT & P) ™ .3 price "e6.00 P&F“ ; £7.02 Alar
A 3| Al Hia
UN|SELECT0R SWITCH D.C. Rolays: Open type 8/ 12V 3c/0 7 amp £1.90 (£1.30 inc VAT &
4 bank. 25 way 75 ohm coil. 36-48v D C P) Sealed 12V 1 c/0 7 amp octal base, £1.00 (£1.30 inc VAT & P)
operation. Ex new equipmant, £4.25, P&AP Sealed 12V 2c/0 7 amp octal base, £1.25 (£1.56 inc VAT & P} Sealed A.E.G. TIME SWITCH
75p Towlprice inc VAT, £5.40. 12V 3c/o 7 amp 11-pin. £1.35 (€1.87 inc VAT & P) 24V Sealed 3 200/260V A.C ton/1 off every 24 hrs 80 amps contacts (ideal
0 7amp 11-pin £1.35 (£1.67 mc VAT & P) (amps = contact rating) storage heater). spring reserve. Price £10.00 P&P 50p (£11.34).
MINIATURE UNISELECTOR P&P on any Relay 20p
12v 11 way 4 bank (3 non-bridging. 1 homing) £2.50 P&P 35p (£3.08 Other types available — phone for details
e VAT & P)
RESET COUNTER A.C. MAINS TIMER UNIT
MICRO SWITCHES 230 volts AC 3 digis mfg Veeder Root type Based on an electnc clock with 25 amp
LL/144] €1.75 P&P 25, single-pole switch. which can be preset for any
As ltustrated but fitted with 1" Lever 10 for £2.00 P&P 30p . P (£2.16 inc VAT & P period up 10 12 hrs ahead 1o switch on for any
(£2.48 nc VAT & P) 7hg 24vdc nonset £1.50 P&P 255 (£1.89 inc length of tme, from 10 mins (0 6 hrs then switch
Sub-miniature Burgess type v 41 1. 10 for £2.60 P&P 30p VAT & P) off An addiional 60 min. audible umer is also
(£3.02 inc VAT & P) 6 g 24vde resetable £3.00 P&P 25p (£3.51 ncorporated. ideal for Tape Recorders Lights
50 for £10.00 post paid {£10.80 inc. VAT & P) mc VAT & P} Etectric Blankets etc Attractive satin copper inish
éyge 31 15M 806T 10 for £2.50 post paid (£2.70 inc VAT a Size 135 mm x 130 mm x 60 mm Price €2.25.
Post 40p (Total /AT & Post £2.87).
Unimax USA. 10 for £4.00 plus 50p P&P min order 10) BIG INCH D (e ost £2.87)
(€4.86 Inc VAT & P) Tiny precision bult 3 rpm USA motor size only
= 1 X 1100 volt AC op supplied with resistor for
NEW HEAVY DUTY SOLENOID;, 230 volt AC price £2.37 p&p 20p 4 for £5.40
Mg by Magnetc Devices 240v A wﬂ'ﬁﬂ- post pard
Operaton approx. 20ib pull at 1 25" Price &;:4J |y
£7.00 P&P 75p {£8.37 inc VAT & P) <
Similar to above approx 10ib pull £3.50 Bhalailoy, INSULATION TESTERS
P&P 60p (£4.43 inc VAT & P) e ‘N EW!
3 SR spec  Rugged metal construction New ceramic constructon. vitreous enamel

230-250 VOLT A.C. SOLENOID
Similar in appearance 1o iustration

Approximately 1%ib pull Size of feet 1% x13/16
Price £1.00 Post 25p (€£1.35 inc VAT & P)

¢ suitable for bench or field work, constant speed
. f clutch Suel Bin W 4in H 6in weight61b
§00 VOLTS 500 megohms

£49.00 Post 80p (£57.78 inc VAT & P)
1000 VOLTS 1000 megohms
24 VOLT D.C. SOLENOIDS £46.00 Post 80p (£60.26 inc VAT & P)

UNIT containing 1 heavy duty solenoid approx. 25 ib. pull at | in SAE for leaflet &P

travet 2 solenods of approx 1 (b pull at 'z in travel 6 solenoids of Black Silver Skirted knob calibrated in Nos 1.9, 1% in dia brass

7“;:: y4$:ypl1m :‘!ak’e'r"e"ar:ve;nzleusg:f:‘\)/ gocs‘ ABSOLUTE AT CU"HENT RATE bush Ideal for abave Rheostats. 24p es.

£1.00 (€4.32 nc. VAT & P BARGAIN MUST BE ADDED i 4
230 AC. SOLENOID OPERATED _ YIRS | 600 WATT DIMMER SWITCH —

Rated 1 p.si. will handie up to 7 ps. Forged brass
body, stainless steel core and spring %2 in. b.s p. iniet
outlet Pracision made British mf

PRICE £2.75 Post 50p (£3.57 inc VAT & P}

embedded winding. heavy duty brush assembly
continuously rated

25 WATT 1D 25 100 150 250 500. 1k 1 5k ohm £2.40 Post
20p (€2.81 inc VAT & P} 50 WATT 100. 500 1k ohm £2.90 Post
25p (£3.40 inc. VAT & P) 1OOWATT 1/ 5/ 10/25 50/ 100

2507600/ 1k 1 5k 2 5k 5k nhm £5.50. Post 35p 1£6.32 inc VAT

Easily fitted Fully guaranteed by makers Wil control up to

FOH THE TOTAL VALUE OF Goons lNc uDlNG 600w of lighting except fluorescent at mains vollage ls

Complete with simple instructions £3.95 Post 25p (£4.53 L

POTAGE UNLESS OTHERWISE STATED inc VAT & P) 1000 watt model £5.60 Post 25p (£6.32 inc

VAT & P) 2000 watt mode! £9.75 Post 40p (£10.96 inc
VAT & P)

ALL MAIL ORDERS, ALSO CALLERS AT: SE RV| CE TRAD' NG co- PERSONAL CALLERS ONLY

67 BRIDGMAN ROAD, CHISWICK, SHOWROOMS NOW OPEN 9 LITTLE NEWPORT STREET,
4L{ONDON, W4 588. Phone: 01-995 1560 AMPLE PARKING LONDON. WC2H 7JJ.
Ciosed Saturdays. Tel.: 01-437 0576
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LANGREX SUPPLIES LTD

. Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708

SEMICO y j GMO0378A 1. . . INIB9I 0. .
AAL19 020 | ASZI5 125 | BC177 0. BDI3§  0.40% BF338  0.55* KS100A  0,40° 0C20 200 | OC207 1.25 ZTX550  0.16% 2N2147 140 2N3820  0.46*
AAY30 013 [ ASZle 125 | BC178 X BDI39  0.43° BF52] 227 MIEHG  0.58 0C22 250 | OCP7I 1.25 IN914 0.07 2N2148 165 2N3823  0.60°
AAY30 013 | ASZI7 125 | BCl79 . BDI4O  047° BFS28 138 MJE370  0.65 ocz3 275 | ORPI2 083 IN916 0.07 2N2218 0.3 2N3866  1.00
AAY32 045 | ASZ20 075 | BCI82 X BD 144 2.00 BFS6l  0.25° MJE371 0.1 0C24 350 | R2008B  2.25° IN4OO] 0.0 IN2219 042 2N3904  0.21°
AAZI3 025 | ASz2) 150 | BC183 . BDI8) 1.38 BFS98  0.25% MJIE520  0.85 0C25 090 | R2009  225° IN4002 007 2N2220 035 2N3905  0.22*
AAZIS 031 | AULIZ  1.70* | BCI84 . BDI82 1.48 BFWI0 0.9 MJES2]  0.75 0C26 090 | R20i0B  225* IN4003  0.08 aN2221 022 IN3906  0.22*
AAZI7 025 | AUYI0 170* | BC212 . BD237 0.80 BFWIl 080 MJE2955 1.5 0C28 200 | TIC#4 0.36 IN004 009 2N2222 025 2N4058  0.20%
AC107 075 | BAlss  015° | pC213 X BD238 0.85 BFX84 038 MJE3055 075 0C29 200 | TIC226D 130 IN4005 013 2N2223 2.5 2N4059  0.15°
ACI125 030 | BAl4®  0.45* | BC2l4 . BDX10  0.75 BFX85 0.4l MPE102  0.30* 0oC3s 150 | TIL209  0.25 IN4006 0.5 2N2368  0.17 2N4060  0.20°
ACI126 025 | BAIS4 0.10 | BC237 k BDX32 225 BEX87 035 MPF103  0.30° 0C36 1.50 IIP29A  0.50° IN4OOT  0.15 2N2369A 021 IN4061  O.ET*
ACI127 025 | BAI5S 012 | BC238 X BDY20 142 BFX88 032 MPF104  0.30° oC4l 050 | T1P30A  0.60° IN009 0.5 2N2484 021 2N4062  0.18*
ACI128 025 | BAI56 0.13 [ BC30) . BDY60  0.75 REY50 028 MPFI05 030 oc42 050 | TIP3IA 062 IN{I48 0.07 2N2646  0.50 2N4124  0.7*
ACl4l 020 | BAWE2  0.05 | BC303 . BE115 0.39 BFY51 0.26 MPSAU6  0.25° 0C43 150 | TIP32A  0.75 IN5400  0.14 2N2904 035 2N3126  0.17*
ACI4IK 035 | BAX13 007 [ BC307 . BF 152 0.25 BFY52  0.26 MPSAS56  0.25% oc#H 050 | TIP33A 100 IN5401  0.16 2N2%05 0.5 2N4286  0.20*
AC142 020 | BAX16 007 | BC308 BF153 0.25 BFY64  0.30 MPSUol  0.32° 0C45 050 | TIPMA 120 1544 0.06 2N2906 025 IN4288  0.25°
ACta2Kk 030 | BCIO 012 | BCaz7 BE 154 0.25 BI Y90 1.32 MPSU06  0.40% oc7l 045 | TIP4IA  0.70 15920 0.08 2N2907 021 2N4289  0.25%
AC176 025 | BCios 0.12 | BC328 BF159 0.35 BSX19 0.34 MPSU56  0.45% 0C72 045 | TIP&2A 090 15921 0.08 2N2924  0.15% INM57  0.35°
ACI187 0.25 | BCl0S 0.13 | BC337 BF160 0.30 BSX20 034 NKT401  2.00 0C73 Loo | TIP2955 1.00 2G301 1.00 2N2925  0.47* 2N5458  0.35*
AC188 025 | BCI13 015 | BC338 BF167 0.39 BSX21 0.32 NKT403  1.73 oCT4 0.75 T1P3055  0.50 2G302 1.00 2N2926  0.13° 2N5459  0.35*
ACY17 065 | BCll4  018* [ BCY30 BFi73 030 BT106 125 NKT404 173 0C75 060 | TIS43  035° 2G306 110 2N3053 025 3N125 1.75
ACY18 065 | BCIl5 019 | BCY3! BF177 038 BTY79/400R NES55 045 QoC76 0.50 | ZS140  0.25% 2N404 0.60 2N3054 050 3N141 0.85
ACYI9 085 | BClI6  019° | BCY32 BF178 045 3.18 0A5 0.75 oc7? 120 | Zs170  0.12* 2N696 0.25 2N3055 065 25017 6.50
ACY20 065 | BCI17  022* | BCY33 BF179 0.48 BU205  225% 0A7 0.55 0C8l 075 | 25178 054 2N697 0.16 2N3440  0.60 25019 6.50
ACY2] 0.5 | BC1I8  0.16* | BCY34 . BF180 0.45 BU206  2.25° 0Al0 0.55 ocs1z 100 | Zs271 0220 2N698 0.30 2N3441 0.0 25026  12.00
ACY39 125 | BCl125 0.18* | BCY39 & BE181 0.45 BU208  2.50* 0A47 0.14 0Cs2 075 | zS278  0.56* 2N705 0.80 2N3442 120 25103 1.50
ADI149 070 | BCI26 025 | BCYs0 . BF182 045 BY100 0.45 0AT0 0.30 0Ca3 055 | ZTX107 0.11* 2N706 0.12 2N3525  0.90 25302 0.75
ADI161 075 | BCI35 015 | BCY42 . BF183 0.45 BY126 0.14 0ATY 0.30 oCr4 060 | Z1XI108 0.10° 2N708 0.21 2N3614  1.20 25303 0.75
AD162 075 | BCI36  0.19* | BCY43 . BF 184 0.39 BY127 0.15 0OABI 0.30 ocl22 150 { ZTX109 0.12* 2N930 0.26 2N3702  0.15* 25322 0.80
AF106 045 | BC137  0.16* | BCY58 . BF185 037 BZX61 0.20 0A85 0.30 0C123 155 | Zrx300 o.12* IN1131  0.26 2N3703  0.15° 25324 1.25
AF1l4 025 { BCla7 010 | BCY70 h BFI94  0.12% Series 0A%0 0.08 0C139 225 | ZTX301 0.13* 2N1132 0.26 2N3704  0.15° 25701 1.50
AF115 025 | BC148  010° | BCY7TL . BFI95  0.11° BZY88 0.3 0AYl 0.08 QOClat 195 | ZTX302 0.17° 2N1302 037 2N3705  0.15* 25703 1.50
AF116 025 | BC149  0.13* | BCY72 . BFI9%  0.13* Series OA85 0.08 oCl41 225 | ZIX303 o017* | 2N1303 037 2N3706  0.14% 25721 3.00
AF1i7 025 | BCI57  0.02% | BCZI: d BFI97  0.14* CRS1/05 045 0A200 0.10 ocCl70 075 | 2TX304 018" 2N134 045 2N3707  0.18% 257454 0.35
AF139 040 | BCIS8  0.11* | BDIIS X BF 200 0.32 CRS!/40  0.60 0A202 011 OC171 075 | ZTX31t 0.12° 2NI1305  0.45 2N3708  0.14% 28746A  0.35
AF186 1.50 | BCIS9  0.13* [ BDI2I BF224  0.20% CRS3/05 045 0A210 5 0C200 100 | ZTX3l4 0.20° 2N1306 050 2N3709 015
AF239 045 | BC167  0.13° | BDI23 BE244  035° CRS3:40 075 oazll 0.75 oc201 150 | ZTX500 0.3* 2N1307  0.50 2N3710  0.14*

AFZ11 275 | BCI70  016* | BD!31 BF257 0.37 CRS3 60 0.90 OAZ200 065 0C202 125 | ZTX501 0.14* 2N1308  0.60 2N37I 0.15%
AFZ12 275 | BC171  0.14* | BDI32 BF258 042 GEX66 150 0AZ201 065 OC203 125 | ZIX502 0.16* 2N1309  0.60 2N3771 160
ASY26 045 | BC172  013* [ pDI3s ¥ BF259 0.45 GEX541  L75 0AZ206  0.65 OC204 125 | ZTX503 0.17* 2N1613 033 2N3772 170
ASY27 050 | BCI73  0.15° | BDI36 BF336__ 0.50% GI3M 0.75 OAZ207 _ 0.65 0C205 1.75 | ZTX504  0.20* 2N1671  1.50 2N3773 265
VA LV E s E99F 551 | EF80f . GUso 9.66 PC83t  085* | Q08100 B5.60 UCL83  1.44* | 3vat 1.00° 6826 1.78° 12AU6  0.50* 5544 54.00
Ei30L 1685 | EF83 . GUs1 9.80 PCY95 0.70* QY365 4280 UF4i 0.75% 6C4t 0.40% 12AU7¢  0.45° 5545 55.00
A1834 LISOCC 536 EF851 . GXUI 10.43 PC97 1.08* QY3-125t 12.00 UF42 1.25+ 6CB6At  0.50° 12AV6  0.60* 5551A 62.70
A2087 |0.48 EIS0F 580 | EF86% X GXU2 1720 PCOGOT  0.75% QY4-250 51.30 UFB0T  0.50* 6CD6GA  4.00° 12AV7  2.84* 5552A 8470
A2134 481 [ E1s2cc 571 EF89 . GxU3 2142 PCC84+  0.45¢ QY4-400  58.30 Urest 0507 6CG7 1.72* 12AX7t  0.45° 5553A  225.30
A2293 4.10 E186F 7.90 EF911 . GXU4 21.94 PCC85 045 QY5-500 127.50 U8yt 0.50* 6CH6 4.42 12AY7t  0.82* 5642 3.16*
A2426 8.20 E188CC  5.06 Er92f . GY501 1.32* PCC88  0.65* QY5-3000A UL4l 1.00* 6CL6T 0.75* 12B4At  1.00* 5654 361+
A2521 853 | L280F 1690 | EF93t . GZ32 0.75° PCC89t 105 212,00 UL¥4t  0.60* 6CW4  472* 12BA6  0.50° 5651 180%
E243CC  7.85 | EF94% . GZ33 4.00¢ PCCI89+ 0.65% QZ06-20  18.40 UMB0  1.00° 602t 0.30* 12BE6 1.60 5670 2.86*
E288CC 1258 | EFust . Gzt 1.52 PCC805% 0.95* R0 5.00 Uvdlt 075 6DK6  2.49* 12BH7t  0.60° 5675 9.09*
EA52 1420 | FEF98 . GZ37 4.00° PCC8O6"  0.95% R17 1.65* UYsst  0.65% 6DQ6B  3.04* 12BY7  0.80° 5687 4.30°
EATE 1.50 [ EF183t 0. K16l 3.50° PCES2t  1.72 RI§ 395 VL5631 8.22 6EAB 221* 12E1 1.00 5696 1.94*
EABCS0 040 | EFI84t 0. KT66 4.00° PCF80  0.72* RIS 1.00° XG1-2500 23.10 6EBS 2.12¢ 12E14 19.80 5718 3.38°
EACOIt 050° | LF804S . KT88 4.75° PCES2t  0.50% R20 144 XG5-500  16.80 6EW6  0.80° 13E1 13.55 5725 3.40°
EAF42 125 | EF805S . KTW6I  1.75% PCF#6t  0.65* RG3-250 2151 XG2-6400 64.95 6F6 0.75 19H4 16.88 5726 2.20
EAF80L  1.75* | EHW . KTW62  1.75° PCFE7t  1.00% RG3-250A 23.28 XGQ2-6400 623 1.60° 1945 22.50 5727 350¢
EB41 1.75% EK90F . KTW63  1.75% PCF2001 1.05* RG3-1250 20.95 74.1 6ra8 116 2189 30.50 5749 3.30¢
EBYIT  0.30* LL32 d MB079 8.40 PCF201 1.05% RG4-1250 27.50 XR1-1600A 6F33 10.75 30C15  1.56* 5751 2.83%
EBC33 1.75° EL32 L MB&080 3.80 PCF8017 0.55* RG4-3000 18.05 6H1 8.00 30C17  156° 5763 312¢
EBC4l  1.25* | EL33 % MBO8I 6.33 PCF802f  0.88 113.09 XR1-3200 54.00 6H2N 0.75* 30CI8  LH* 5814A  2.60°
EBC81  LiD* | FEL36 . MB082 4.65 PCF805  L.44* KR3-250  34.77 XR1-3200A 6HIN  0.75¢ 30F5 1.60 5840 1.40
| BC0t  0.65% £L4l M8083 5.61 PCFX06  0.80% RR3-1250 62.37 54. 6H6 0.75* 30FL1/2  1.12% 5842 6.90
EBFR0 045+ | EL42 E M8091 771 PCFHON  1.44% SLIEI2  18.00 XR1-6400 58.10 64t 0.75¢ 30FLI2  1.72% 5876A 9.38
EBF83  1.25° ELBI - M8096 375 PCLE2T  0.50% S130 2.00 XR1-6400A 616t 0.55 30FLIS  Lad4* 5879 3.16°
EBF&9t  0.40% EL83 . M8097 3.56 PCL83:  0.92* S130P 2.50 59.10 67 0.75% 30L1 0.84* 5886 10.50
EBL3] 250 | FEL84 . MB8098 3.20 PCLH4T  0.50% STV80-40 10.00 YDLI20 206.00 6K4N 0.75¢ 30L15 1.72¢ 5963 1.87°
EC90!  0.40° EL86+ M8099 5.20 PCLEST  0.96 STV280-80 YDI240 206.00 6K6GT  0.75* 30117 1.72¢ 5965 2.36
EC91t  2.80* | EL90+ MB8100 5.92 PCL86t  0.85% 20.00 Z759 650 6K7 0.75* 30P4 0.92* 5 3.65¢
EC92 1.25° | FL9L ! M2136 6.12 PCL305/85+ Su41 2.50 ZMI000  4.60 6K8 0.75¢ 30P19 Li2e 6021 146
ECi57 20800 | EL95Y M8137 6.23 0.80* sU42 9.00 ZM1001 538 6KD6  4.79* 30PL1 1.32¢ 6057 6.23
ECC33  3.50° | ELI56 M8i40 1.50 PD500  3.60% TDO3-10_ 15.00 ZMI020 855 6L6G 2.50* 0PLI3  1.72° 6058 8.40
ECC35  350° | EL360 MB141 4.85 PEG6-40N 27.30 TDO3-10E 17.50 ZM1021  7.96 6L6GA  1.50° 3UPL14  1.68° 6059 1.00
ECC40  1.25° | 1:1500/504 M8142 4.00 PFL200  1.12° TDO3-10F 17.50 ZM1022 823 6L6GT 085 30PLIS L1720 6061 425
ECC8I+ 050 | £L509 b M8144 3.75 PL36t  1.12% TTI5 22.00 ZM1023  7.66 6L6GC  1,75¢ 35W4 0.60° 6062 375
ECCH2t 047 | ELx2l . MB8149 5.10 PL8I 0.55* 121 7.00 ZMIO40 1157 6L7 0.75 50C5 0.70* 6063 365
ECC83+  0.55 EL822 . M&161 5.76 PLBIAT  112* TT22 7.00 ZMI041  9.67 6N2P 0.75 7581 315 6064 5.60
ECC84t  0.50° EMB80 MB8162 5.75 PL82 0.60% TTI0  37.50 ZMIv42  11.08 6N3P 0.75 75C1 155 6067 6.12
ECC85t  0.55¢ £M81 M8163 4.50 Pum 0.55* TY2-125 40.20 ZXW051  87.00 6N7 0.75 85A1 7.50 6072 3.77
ECC86  2.00° EM#4 MBI90 1.60 0.60° TY4-400 56.10 IB3GTH 055 6P25 3.60% 85A2 1.50 6080
ECC88t  0.75 | EMS85 M8195 3.70 PLSM/SUST IY4.500 7320 1B24 10.00 637 0.80 SUAG 7.26 6097A x Bx C
ECC89 075 { EMS87 MB8196 3.40 1.20° 1Y5-500 160.00 IB35A  17.00 6R7 0.50 S0AV 7.16
ECCYIt  0.55 EN32 MB204 3.50 PL5OKT | 60° TY6-800 145.00 1B6 45.00 65A7 0.80 90C1 1.50 6146A 427
ECCI89  1.00* | EN9IT M8212 863 PLS0ST  2.72¢ TY6-5000A RS+ 0.55% 65C7 0.80 9CG 5.74 61468 4.65
ECC807 1.75 { EN92 M8223 2.30 PL519t  3.60° 198.00 1S5+ 0.40* 65F7 0.80 9CY 5.99 6159 6.00
ECC808  2.25* EYSL% M#224 2.80 rLaol 110 IY6-5000B T4t 0.40* 65117 0.50 92AG 7.26 6189 6.08
LCF80T  0.60° EY8I MB225 2.60 PLEO2T  2.16* 206.00 24515 10.00 68J7 0.80 92AV 7.16 6201 484
ECF82t  0.60% EY83 M5248 6.72 PY33 0.68° TY6-5000W 2C39AT  9.00 65K7 0.80 95A1 4.15 6442 15.00
F 0.75¢ EYi4 ! MUI4  1.00° PY8It  0.72% 178.00 2C43 18.00 6SLIGT 070 150852 1.80 68838 4.93
ECH35  2.00% EY86t MXI19  20.00 PY82 0.45* TY7-6000A 20214 0.55 6SNTGTH 0.70 15083 330 697 2.61
FCH42  115° EY88 MX123  34.50 pY83 0.60° 216.00 2E26 3.00 0.75¢ 150C2 1.50 7025+ 1.20
ECHBIt  0.50% EY500A MX145 2715 PY88:  1.16* TY7-6000W 2142 60.00 65R7 0.75¢ 150C4 2.30 7551 3.65
ECH83  0.5* EY802 . MX151 1169 PY500At 1.60° 175.00 2J55 175.00 6557 0.75° 211 5.00 7586 6.79
ECiigdt 0.85° £235 . MX152  74.00 PYRO0/81+ 0.92% 1240 15.00 2070A  235.00 8U5G 2.00% 723ABt  8.00 7587 12.54
ECL8OT  0.60% | E£Z240 MXI6l 76.50 PY8OI  0.92% Uis20  2.50° 2J70B 250.00 sUsH 0.40° 03 10.00 7609 31.80
ECL8]  0.75% EZ4) MX163 1260 QUV026  9.60 uI19 811 2K25% 9.50 6UBAt  0.55* 805 20.00 868 2.93¢
ECLE2  055¢ EZ80t MX164 1256 QOVO-10F 200 u2s 1.16* 3402 35.00 6V6G 1+  0.60° 807 1.00 895 7
ECL83  150° | EZ8it 035 MXi66  105.00 QQV03-20A¢ U26 Lase 35002 35.00 6X 4+ 0.45* 8I1A 180 3005 25.00*
ECL84  0.50° EZ90T  0.45° MX168  24.00 10.50 u3? 1.00 3A5 1.35 6X5GT+ o 55+ 812A 2.25 #068 5.50
ECL85  1.12* FWa.-500  2.50 N78 7.50¢ QQVs-40At UABCS0t 0.50° 3B24 5.00 1.00° 13t 10.00 8122 3315
ECL867  0.65* FW4-800 2.50° | OA2t 0.45 13.00 UAF#2 075 3828+ 1.00 7C5 175¢ #33A 3000 8136 1.54
ECLL8OU 7.00% Gi-371K 1500 | (A3 110 QQV07-50 UB41 1.25° 3824 10.00 7C6 1.25¢ 866A 8.85 3.40
FF37AT 160 | G551K 950 | OaAl 1.10 36.70 UBC411  0.75% 3B-240M  15.00 7H7 1.00° 872A 11.40 18042 5.31
EF3%t  160* | Giso-2M 1290 | On2t 0.45 QQZ03-20A UBF89 050 3B241M  15.00 TR7 1.50° 922 4.36 18045 5.7
EF40 LI5* | G402D 1175 | OB3 0.75 27.50 UCCs4  0.75* 323 10.00 757 2.25* 931A 1224
EE4] 1200 | Giw-1K 1350 | OC2 2.30 QQZ06-10A LCCBSt  0.50° 3C45t 600 | 6BRS: 120 7v4 0.75+ 1624 1.25
EF42 2.00* | GN4 450 | OC3t 0.45 4260 UCFap  0.75* ICXIUAS 6BS7 4.00¢ 724 0.75* 1625 1.00
LF50t  0.60* | GN4A 150 | oObst 0.45 QU37 11.00 UCH42  1.20* 2000 | 8BWE  3.75¢ IIE3 34.00 2050 2.50
EF54 500* | GSI6 9.00 | 024 0.75* QV03-12 3.00 UCH8I+  0.50° 3E29% 550 | 6BW7  1.40° 12AT6  0.45° 212E 11895
EF55 2.50* GTIC 6.95 PC86t 0.85* OVo4-7 2.50 ucL 8zt 0.50* 3541 0.75* 6BX7GT 4.96* 12AT7+  0.45* 4212H 118.95
-1 - 3 — 4
INTEGRATED C|RCU|TS 7395 080 [ 74132 080 | 74173 5 | TAASTD T30 ]
7400 0.20 7423 7160 0.20 43 0.90 74136 0.68 74174 1.57 1AAB305 3.50*
AEPI 2500 | VCRizs: 1000 | 40l 020 | 7425 P 035 | 197 367 | 74l4] 085 | 7479 o0 g R TEAN SO0, 84,

BASES CRTs b 3e0e | VCRiowa-izso | rduz 0.20 | 7427 035 | 7472 036 | /1% 75 142 3.00 8 17 [0 B 520082 303

B7G unskirted  0.15 | 2Ar] 850 | 16PI1 2300 | VCRI3yA® Koo | 7403 020 | 7428 050 | 7473 036 | LT 045 1 74143 300 TSI 65 R NTE 4 30N 363

BIG skirted 030 | 2B 900 | 5ADPI  35.00 | VCRSITA® 300 | 744 026 | 7430 020 | 7474 0s0 | 108 086 | 7ald4 300 | 74l79 SOl TIE 451002305

BYA unskirted  0.15 | 361 800 | 58P1° 5.00 Y00 | 7405 023 | 7432 036 7475 059 | 7Ll 057 | 74145 100 | 741 e BA330Q 3.22

BYA skirted 030 | 3DP) 500 | 50p)- 5.00 300 | 7406 055 | 7433 037 7476 042 L 0.86 74147 2.45 7HW 148 BASB0CQ

tnt Octal 020 | 3EGI 700 | 5CpiA 40.00 7307 055 | 7417 0.42 7480 060 | 74118 189 | 74148 2.00 ALl 148 S 22

R 025 | 3EP7: 300 | arpion 500 | Tube Bases 075 | 7408 028 a8 017 7182 085 74118 0.5 74150 175 74192 1.25 TBA673  2.19

. 3G o b 7440 74119 2.00 74151 0.90 74193 125 TBATU  1.52°

Loctal 0.55 3GPL 600 | 507 5.00 Surplus RERET ] 0.28 IEET 0.22 7483 1.00 . | .

&pim DIl 015 | el 800 | DG7-5 2500 | VAT 8% 7410 020 | 7441AN 092 | 7ass Loo | 4120 1101 74154 200 | 74i4 1.25 TBA720Q 2.30°

14 pin DIL 015 | wp2 800 | DG732  36.00 7412 026 | 7412 078 7486 040 | 74121 0.45 14155 090 | 74195 116} TBAT50Q 2.07

16 pin DIL 017 | WP7T- 1000 | 01391 31.00 7413 045 | 7447AN 120 | 7190 o5z | 74122 0.60 4156 090 | 7419 120 | TBASSQ 2.99°

Valve sereening 3KPLS 15100 | Dot 11 68.00 7416 040 | 7450 020 | 719IAN  oRs | 712 100 | 74157 0.90 | 74197 100 PG 210082, 994

cans all sizes  0.30 | 3RP!- 3500 | VCRY7- 500 717 0.40 7451 0.20 7492 0.60 74125 050 74159 2.50 1198 225 CAT60A 1.38

7420 0.20 7453 0.20 7493 0.70 74126 0.40 74170 2.60 74199 2.25

7422 0.25 7454 0.20 7494 0.80 74128 0.80 172 5.00 603N 175+ |
TYerms of business: CWO. Postage and packing valves and semiconductors 25p per order. CRTs 75p. Items marked " add 122
VAT. Others 8%.. P&P at 8.
t Indicates cheap quality version or surplus, but also available by leading UK and USA manufacturers. Price ruling at time of lielephonel0 67128 2847
despatch. Telex 946708
A facili ilable to approved panies with mini order charge £10. Carriage and packing £1 on credit orders. E& O.E.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E.
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pax GREAT SPACE-

WE NEED THE SPACE —

THYRISTORS

UD/O MODULE.Q —ALL REDYCED/ TRANS/S TOR PRICES SLASHED

TRANSISTORS

SPEC/AL OFFER!

No THY14/50 TAmp 50 voht TO5 18p
No 1:::1:/;80 SAmb 400 volt 705 32p BRAND NEW — FULLY GUARANTEED UNTESTED
o / Al
No THY3A/200 3amp 288 = 1823 §:p Type Prce  Type Pricer  Type Price  Type Price  Type Price SEMICONDUCTOR PAKS
No THY3A/400 3amp 400 wont TO84 4oh | AC1O7 25p  BC177 12p ' BF194 9p'  TIP32C 36p  2N1B93  28p .
No THYBA/50 5Amp 50 volt TOB6 25’ AC126 14p BC178 12p BF195 ap* TIP41A 34p 2N2218 15p ‘Code Nos shown below are given as a guide to the type
No THYSA 400 SAmp 400 ot 1066 a0h | AC127 16p  BC179 12p  BF196 12p° TIPA1B  36p  2N2218A 18p | O device The devices themselves are normally
No THYSA/600 5Amp 500 vt 1086 Sob | AC!28 16p  BC182 9p'  BF197 12p°  TIPAIC 36p  2N2219  1Sp unmarked
No C106/4 BAmp. 400 von 10220 425 | AC12BK  24p  BC182L 9p'  BF200 25p  TIP42A 36p  2N2219A 18p No 16130 100 Germ Gold bonded diodes hke OAd 7
P | ac176 16p  BC183 9p'  BFX29 22p  TIPA2B 37p  2N2221  1sp a0p
AC176K  24p  BCIB3L 9p'  BFX84 18p  TIP42C 38p  2N2221A  16p No 16131 150 Germ Point contact diodes hke
AC187 16p BCi84 9p"  BFY50 12p  TIP2955  65p  2N2222  15p 0A70 81 P
TRIAC AC187K  26p  BCIB4L 9p'  BFY51 12p  TIP3055 42p  2N2222A 16p No 16132 100 200mA Su diodes like 0A200 40p
7 B 186 el WSBE) (e sop | ACI88 16p  B8C212 10p"  BFYS2 12p  ZTX107 6p'  2N2369  10p No 16733 150 75mA Su Fast switching diode tke
4 e ACI188K  26p  BC212L 10p°  MPSAO5  22p"  ZTX108 6p’  2N2904  14p N4 148 p
ADI61 BC213 10p°  MPSAD6  22p°  ZTX109 Tp©  2N2904A  1Sp No 16134 50 7/50ma Sil 1op hat Rects 40p
162MP 80p  BC213L 10p"  MPSAS5  22p°  ZTX300 7p'  2N2905  14p No 16135 20 3amp Sil stud Rect 40p
DIACS AF139 30p  BC214 10p" MPSA56  22p*  ZTX301 Tp'  2N2905A 15p No 16136 50 400mw ZenersD O 7 case  40p
BRICO 15p | AF239 30p BC214L 100" 0C44 12p  2TX302 9p'  2N2906  12p No 16137 30 NPN Plasics trans ke BC107 8
032 15p | BC107 6p  BC25} 10p°  ocas 12p  2TX500 8p' 2N2906A 14p 40p
8C108 6p  BCY70 12p  OCM1 9p  2TX50) 10p° 2N2907  12p No 16138 30 PNP Plastc trans ke BC177 8
BC109 6p  BCY7! 12p 0OC72 12p  ZTX502 12p°  2N2007A 13p 40p
BC118 10p°  BCY72 12p  OC75 10p  2N636 10p  2N2926G  Bp" [ No to1d4 NN ans ke 2NbY 2NT/TI
SWITCHES BC147 8p' BO115 4a0p  0C8! 14p  2N697 10p  2N2926Y  7pt | 1059 40p
BC148 8p' BOI131 35p°  TIP29A 3Bp  2N706 Tp  2N3053  12p No 16140 25 PNP Trans hke 2N2905 To 39 40p
No 16178 5 x Mamns Shde Switches a0p" | BC149 8p' BDI32 37p"  TIP298 36p  2N706A 8p  2N3055  35p No 16141 30 NPN Trans (ke 2N706 To 18 40p
No $17 5 x Miniatuse Shide Swilches 40p° BC154 16p°  BF115 17p TIP29C 38p  2N708 8p  2N3702 7p° | No 16143 30 NPN Plastic tans ke 2N3906 40p°
No $18 4 x Standard Shde Switches 40p BC157 9p°  BF167 19p  TIP30A 38p  2N1302  12p  2N3703 7p° | No 16144 30 PNP Plastic trans hke 2N3905 40p"
No S$19 4 x Mimature Fush to Make single nore | BC158 9p'  BF173 20p  11P308 37p  2N1303  15p  2N3704 6p" | No 16145 30 PNP Germ trans hke OC71  40p
mountin a0p | 8C159 9p°  BF1BO 25p  TIP30C 38p  2N1304  15p  2N3903  11p° [ No 16147 10 NPN To 3 Power trans hke 2N3055
No 52(? 3 x Miniature Push to Break single hole BC163C 10p"  BF18} 25p TIP31A 32p 2N1307 18p 2N3904 1p’ 80p
mounting a0p: 35%11 77(‘> :p_ gngg 25p  TIP318 33p  2N1308  22p 2N3905  11p ¢
0 N et e p° BF1 25p_  TIP3IC 34p  2N1309 22 2N8906  11p
muits bank and sul:wg\ens sL:;cchr:ngaand n;rﬁl?\t;’r:f:g fypes LI 722 6p  BF184 25p  TIP32A e 2NI613 ‘5: I.C. SOCKET PAKS
£1.00° BC173 7p  BFIB5 25p  TIP32B 35p  2N1711 15p No $66 11 x8 pin O 1L Sockets £1.00
No S67 10 x 14 pin D I L Sockets £1.00
No S68 9 x 16 pin D | L Sockets £1.00
No S69 4 x 24 pin D 1L Sockets £1.00
CAPACITOR PAKS DIODES No §70 3 x28pin O IL Sockers £1.00
16201 18 Electolytics 4 7¥F-10“F . N - PO i . g
16202 18 Electrolytics 10, F-100,F ype ICERLY, o YP nce  Type nce  Type rice
16203 18 Electrolytics 1004 F-680, F AA119 5p  BAX16/ BYZ17 28p  gagt 7p  IN5401 1p TRANSISTOR SOCKETS
ALL 3 at Special Price of e AAZ13 4p 0A202 5p  8Yz18 28p  (ags 7p  IN5402 12p | No S71 1547018 Sockets
SO LS ocaseaaaace 22 . 8‘2 : BA10O 6p BY100 15p_ BYZ19 28p N34 5p  (N5404 13p No §72 10 xT0O5 \Sockms u.oo
16161 24 Coramic Caps 1000E-390pF | BaTas D D o o 5 Neo e N
IN914 a P
18165 31 Coame Coms  ajooprooaser | SAISS lSe SN 3 oM Jp maas  ap s 1% N NITNGIEADS
- a 1
ALL & at Specisl Priceof ............. £1.60 BAX13 BYZ13 30p 0ABS 7: I’?\?E?:OO “3): No $73 50 Mixed Transistor Pads TO18 and TO5 40p
_ 04200 5p. BYZ16 30p 0490 6p TRANSISTOR HEATSINK
. PAK
order Mo RESISTOR PAKS 20 Assorted types TO1 TO5 TO18 T092
16213 60 W 100 ohm-820 ohm LINEAR I.C.s Order No $75 Our Mix 80p
16214 60 W 1K-8 2K =
16215 60 4W 10K82K TBABOO 12pnQiL  75p° | UA711C 7099 25p | ua748 1099
16216 60 W 100K B20K TBABIO 12pinQIL  £1.00° | UA703  TO99 (Plastc) 20p | 72558  (Dual 748} rogg;,r.p TRANSISTOR
ALL& AT SPECIALPRICEOF ... .. £1.60 Em%o IR Cmi :ng i GEmbL 18p | MC1310P14pin O £1.25 INSULATING KITS
16217 40 W 100 ghm-820 ohm TFELS [ (o1 . 41 ldpnDiL 20p 76115 14 pin QIL £1.25° | pMica washers and bushes assorted types 1 e TO220
16218 40 YW iKB 2 1 14 pnoiL £1.35°| UA741C TO99 20p NE555 8 pin DIL 32p 1066, 103 et
16210 407w 10ka2K ey Wowelh 2D | 0o D || BEED bl () Approx 100 preces fapprax 40 sets
;ffio o OGN I D I D {f S 96 E2280 Order No S74 50p per pak .
AT SPECIAL PRICE OF £1.60° .
—  New Consignment ZN414 Radio Chip ... .. ... .. 75p° DARLINGTON POWER TRANS
TRANSISTOR FALL-OUT 10 :sgngg:?}zpNBPONV)anth:nm plasuc case 199
el
PACK GERM, SILOCON, OPTOELECTRONICS
- Data Sheet supphed
POWER, NPN, PNP o DISPLAYS ] 2nd QUALITY LED PAK Ocder No §78 £1.00 per Pak
ALL MIXED, YOURS TO SORT |2 219 707 1£0 Duplay eroBemeh ] 0, 1A LE0S Assurted 75p
AND TEST go S53 OL33 Trple 7 segment LED Display MATGHED PAIRS OEGE“MAN'UM
haracter height O 11 Common cathode 12 pin BIL
o Approx. 500 pieces 309 each Leo cLIps’ o ZMaEm[z P07V5loE"l1!wTRANS
Irder No. S23. £1.25 per pack 1508 125 125 Sftori2p VCE VCB  HFE
1508 2 2 5 for 15p :tgg; dg 60 30-100 3Sp per pair
. : -4 60 50 150 35p per pair
LEDs —— NKT303 20 30 30100 25p per pair
_VOLTAGE REGULATORS No $51 Red TIL209 (5 x 125" 50p NKT304 20 30 50-150 25p per pair
Positive No S52 Red FLV117 (5 x 27) 50p LTS CLE
No MVR7805 4A7805 o P 1514 NORP 12 45p each - o o
No MVR7812 L A7812 10228 ::: N ;ggg S o 1P each | 576 OCP71 5 for £1.00 ZENER PAKS
No MVR7815 ,A7815 T0220 85p | No 1503 Yellow 125 Iﬂp | 583 5 NIXIE Tubes ITT 5870 ST £2.00 | No 555 20 mixed values 400mW Zener diodes 3-10V
No MVR7818 ,A7B18 10220 85p | no 1506 Yellow 2 b2 "°h (including Datal £1.00
No MVR7824 ,A7824 T0220 85p oL | P each | 577 Neon Indicator Lamps 230 V AC No S56 20 mixed values 400mW Zener diodes
No S820 2" (clear lluminating Red) 12p sach | cize Colour IRed Amber and Green 25pesch | 1133V
Nogative No S57 10 mixed values 1W Zener diodes 3 1ov
No MVR7905 ,A7905 T0220 £1.10 : 5 630 1@
No MVR7912 ,A7912 T0220 £1.10 . o 10 muxed vatues 1W Zener diodes 11 33V
No MVR7915 4A7915 10220 e110 | D.L.Y. PRINTED CIRCUIT KIT MAMMOTH I.C. PAK £€1.00
No MVR7918 ,A7918 T0220 €1.10 | Contains 6 pieces of copper laminate board box of | Approx 200 Pieces
No MVR7924 ' A7924 10220 €110 | echant powder measuie tweezers. marker pen high | Assorted lall-out integrated cicunts_including Loge | UNIJUNCTION TRANSISTORS

wA723C 7099 38p 72723 14 pin D 38p
LM3D9K TO3 €£1.20

quality pump drill Stanley knife and blades and 6 in
metal rule
Full easy to follow instructions

Order No $84

74 senes Linear Audio and DTL Many coded
devices. but some unmarked — you to 1dentify

owterno 16223 £1.00

Sale price £5.50

MICROPHONES
OYNAMIC DUAL IMPEDANCE UNI DIRECTIONAL
CARDIOID MICROPHONE
Impodance 6000hms and 50K Response 50-14 000
Hz

Sensitvity 5408 at 50K Size 172" Dia x 6% " Long
Order No 1328 £7.50"

DYNAMIC CASSETTE MIC

P.C.B. BOARDS

S61 8 preces 8" x 3% (Approx) Single sided paper
50

S62 4 pieces 8
fibreglass

P
x 3% (Approx) single sided

POWER SUPPLY
STABILIZER BOARD

Unused ex-equipment stabilizer board input 30V 0 C
output 20 V complete with circuit diagram

£1.25

Order No $81

UT46 — TIS43 20p

FET'S

2N3819 15p 2N5458 18p

50p
$63 3 pieces 7" x 3%'' (Approx) double sided
hbreglass 50p

Fitted with On/ OH switch 1 metre of 1ough lead with

floatng 2 5 and 3 5 mm plugs

Impedance 200 onms Sensitivity 90dB_ Frequency

90-10.000 Hz Size 20mm Dwarneter x IZOmm long
Order No 1326 £1.15

P.O. RELAYS

S85 7 Oft Post Ottice reiays

ETCH RESIST PENS

LOGIC PROBE

A pocket size instrument capable of detecting TTL .

BATTERY HOLDE
to take 6 x HP7 s
Order No 202 10p each

S

Order Na 1609 50p sach
SOLDER
5 m ol 18 sw Multi-core Solder
Order No 560 50p

EX G.P.0O. MICROSWITCHES
v s .o 4 for 50p

D T L Flip Flop and other pulse circuns 11 1s easy 10 use
and operates from the 5V D C supply of the circuit
under test The logic levels are indicated by 2 red
LE Ds one for High and the other for Low There s
also a green L E D for the Pulse Mode ol the unit

Qur Special Price £15.95

1.C. INSERTION/
EXTRACTION TOOL

Order No 2015 30p

S DON 7 MISS OUR

SPECIAL CASSETTE OFFER/ LOOK AT OUR BOOKS

CABLE CLIPS

S65—50 2 5 mm round singie pin fixing 30p

www americanradiohistorv com

2 AMP. BRIDGE RECTIFIERS

Metal Stud Mounting

No S45 50V (KBSQ05}) 28p
No S46 100V (KBSO1) 30p
No 547 20DV (KBS 02) 34p

10 Amp. BRIDGE RECTIFIERS 200 V ON
HEATSINK — SPECIAL CLEARANCE Order No.
S22 £1.00

Similar INAOOO Series

SILICON RECTIFIERS G £ 1 Amp
No S41 25 Like INGOO) (1A 50 V) 60p
No $42 20 Like IN4Q02 (1A/ 100V} 80p
No $43 18 Like INAOO3 (1A/200V) 80p
No S44 15 Like INAO04 (1A/400V) 80p
SILICON RECTIFIERS — V2 Amp G.E.

548 40150V 60p
$49 30 x 200 V 60p

50p

550 20 x 700V
‘ G.E. HIGH VOLTAGE SILICON RECTIFIERS

GR559 10 mA 14 KV (14,000 V) 20p each
GA432 1 AMP 2 KV (2 000 V) . 20p each
%D25 25KV Voltage Doubler 20p each
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SAVING SALE srrax

YOU MAKE THE SAVING!

POTENTIOMETERS

Slider 40 MM. Travel

) e Nn

Jo191 b« 470 Onm LIN Swgne aop
S24 6« TRLIN Segle a0p*
52 b BKLIN Single a0p’

Te197  nx TUK LIN Sing e a0p
526 b« 10K DG Smiyghe 40p”

Th143 b« /2K 1IN Sing 4a0p’

1195 6« /K LOG Single ao0p

165193 b d7K LN g e aop
527 nx 100K UN Singin 40p°
528t 1008 LOG Sing e a0p
%29 b x 500K LUG Single 40p°

60 mm. Travel
540 b 5K G Single 40p
331 b x TORLIN Singie a0p'
537 6 x 50K LIN Smgle a0p
$33 6« 250K LOG Singr: a0p
5144 30 HK LOG Dual 40p
Sgh e TOK LIN Duat a0p
Sib 4« 100K LOG Dua a0p
544 Dl MEGLOG D at a0p

S38 MIXER SLIDER POTS.

VARIOUS VALUES & SIZES

OUR MIX 20 for £1.00"

S$396 x CHROME SLIDER KNOBS
WIREWOUND

A range of wirewound single gang pots with linear tracks
of 1 watt rating

Order No  Value Order No Value
1891 10 ohms 1896 470 ohms
1893 47 ohms 1897 1K

1894 100 ohms 1898 2K2

1895 220 ohms 1899 4K7

NOW ONLY 35p Each

74 SERIES TTL ICs

TvpPE QUANTITY TrPE QUANTITY  1YPE
1 100 1 100
£p £p £p £p

7A00 0.09 0.08 7448 0.70 0.68 74122
7400 0.11 0.10 7450 0.12 0.10 Far23
7402 0.11 0.10 7451 0.12 0.10 74141
7403 0.11 0.10 7453 0.12 0.10 73145
7404  0.11 0.10 7453 0,12 0.10 ;4150
7105  0.11 0.10 /460 0.12 0.10 74151
7406  0.28 0.25 74/0  0.24 0.23 74153
7407  0.28 0.25 7472 0.20 0.19 /3154
7408 0.12 0.1 7473 0.26 0.22 734155
7409 0.12 0.11 7474 0.24 0.23 73156
7410 0.09 0.08 7475  0.44 0.40 73157
7 0.22 0.20 7476 0.26 0.25 74160
7412 0.22 0.20 7480 0.45 0.42 /31hB1
7413 0.26 0.25 /181 0.90 0.88 74162
7416 0.28 0.25 /482 0.75 0.73 74163
7417 0.26 0.25 7483 0.88 0.82 74164
7420  0.11 0.10 7484  0.85 0.80 14165
7422 0.19 0.18 7435 1.10 1.00 74166
7323 0.21 0.20 748h 0.28 0.26 74174
73425 0.25 0.23 7189 2.70 2.50 74175
7426 0.25 0.23 7490 0.38 0.32 74178
1127 0.25 0.23 7491 0.65 0.62 741177
7428 0.36 0.34 Tiur 0.43 0.35 74180
7430 0.12 0.10 7193 0.38 0.35 74181
7432 0.20 0.19 7494 0.70 0.68 14182
71133 0.38 0.36 7395 0.60 0.58 74184
7147 0.26 0.25 7396 0.70 0.68 74190
7338 0.26 0.25 74100 0.95 0.90 7119
7440 0.12 0.10 /4104 0.40 0.35 74192
ERR 0.60 0.57 743105 0.30 0.25 74193
IERP 0.80 0.70 74107 0.30 0.25 74194
/443 0.95 0.90 74110 0.48 0.45 73195
/144 0.95 0.90 74111 0.75 0.7« 71196
7445 0.80 0.75 734118 0.85 0.82 73197
ddn 0.80 0.75 /4119 1.30 1.20 74198
7347 0.70 0.68 74121 0.28 0.26 74199

QUANTITY
1 100
£p £p
0.45 0.42
0.65 0.62
0.68 0.65
0.75 0.72
1.10 1.05
0.65 0.60
0.70 0.68
1.20 110
0.70 0.68
0.70 0.68
0.70 0.68
0.95 0.85
0.95 0.85
0.95 0.85
0.95 0.85
1.20 1.10
1.20 1.10
1.20 1.10
1.10 1.00
0.85 0.82
1.10 1.00
1.10 1.00
1.10 1.00
1.90 1.80
0.80 0.78
1.50 1.40
1.40 1.30
1.40 1.30
1.10 1.00
1.05 1.00
1.05 1.00
0.80 0.75
0.90 0.85
0.90 0.85
1.90 1.80
1.80 1.70

Devices may be mixed 1o quahiy for quantity price Data 1s avaitable for

the above senes of (Cs in hooklet torm price 35p

SPECIAL OFFER/
COMPONENT PAKS

Order No Quantity
16164 200 approx Resistors mized vahues
(Count by weight

16165 150 approx Capacitors mixed values

1Count by weight) a0p°
16167 BO%W Resisiors mixed values a0p”
16168 5 pieces Assorted Fernite rods 40p°
16169 2 peces Tuning gangs MW LW a0p*
16170 50 metres Single strand wire assorted wire 40p
16171 10 Reed switches 40p
16172 3 Micro switches 40p°
16176 20 Assorted electrolytics Trans tyPes 40p°
16177 1 pack Assorted hardware nuts bolts etc 40p
16179 20 Assorted tag strips and panels 40p
16180 15 Assorted cantrol knobs 40p°
16184 15 assorted Fuses 100mA 5 amp 40p
16188 60 2W Resistors mixed vatues 40p”
16187 30 metres stranded wire assorted colours 40p

o
(-]
A

% PRICE BARGAIN!
£4 uorﬂr (mun. Value)

Electronic Project Books, Technical. Semiconduc-

tor Data and Equivs — Books of Assorted Titles
Our Clearance Price —
£2 per bundlet
Order No S80

SUPER SOUND

CMOS ICs

SAVING

C60 METROSOUND
LOW NOISE
CASSETTES

e No 034 10 for £2.50

BIB GROOVE CLEAN
Model 60 Chrome Finish Plastic
Order No 829 £1.40°

C60s

HOT OFFER

ANTEX SOLDERING IRONS
Order No
1931 X25 25watt LOW LEAKAGE
Usually £3-40~ Sale Price £2.95
PLUS FREE Heatshunt

1948 Model C 15watt GENERAL PURPOSE
Usually £3-46 Sale Price £2.95
PLUS FREE Heatshunt
1939 ST3 Soldering lron Stand, suitable for
either Iron £1.20

L security purposes. Order No. S15

NEW Siren Alarm Module

American Police screamer powered from any 12
volt supply into 4 or 8 ohm speaker. ldeal for car
burglar alarm, freezer breakdown and other
Only £3.50

16173 15 Rotary Potentiometers Assorted values
and types 40p Type Price  Type Price Type Price  Type Price
16186 25 Pre-sets Assorted Values and types 40p" | CD4000 €0.14 (CD4018 £0.85 CD4D35 €1.40  CD4D56 €£1.15
C040D1 €0.16 CD4D19 £0.45 CD4D37 £0.78 CD4069 £0.32
SALE PRICE 40p CD4002 €0.16 CD402D €0.95 CD404D €0.78  CD4D7D €0.32
c04006 £0.80 CD4021 £0.85 CD4D41 £0.68 CD4071 £0.20
MULTI-TURN PRE-SETS CD4DD7 €0.17 CD4022 £0.80 (p4D42 €0.68  C04072 £0.20
c04008 €0.80 CD4D23 €0.18 (p4043 £0.78  CD4081 €0.20
S40 3 x 100K LIN ONLY 50p | (o400 ros0 004024 £0.64 (p4p4s £0.78  C04DB2 £0.20
CD4DID £0.50 CD4025 €0.18 (p4p45 €1.15  CD4510 €1.10
CD4D11 £0.18 CD4D26 €£1.85 (D4D46 £0.95 (D451 £1.25
C04D12 €0.17 _C04D27 €0.48 ¢04D47 £0.75  CD4516 £1.10
CD4013 £0.42« (04026 £0.80 p4Dp49 £0.46  CD4518 €1.10
AUDIO PLUG AND SOCKET |cos015 co.80 04029 £0.95 (p4p50 £0.46  CD4520 €1.10
PAKS CD4D16 £0.42 CD4030 £0.46 [p4p54 £0.95
A CD4D17 €0.80 CC4031 €£1.80 (p4p55 €1.60
Order No
St 5 x 3 5mm Plastic Jack Plugs 40p°
S2 5 x 2 5mm Plastic Jack Plugs 40p
S3 4 x Std Plastic Jack Plugs 50p°
S4 2 x Stereo Jack Plugs 300 AUDIO MODULE SALE
S5 5x5-pin 180 Din Plugs 5°P_
2? g ’: g;{g:ol'g:’:gsspial::;:'“gs :g: Type Description Normal Price Sale Price
S8 5 x 3 5mm Chassis Sockets (Switched)  25p° :tggA ;(5)VWV ::AASS ::v‘:,v:,':,&/'pp % gggg
S9 5 x 2 5mm Chassis Sockets (Switched)  25p° ALB0 35W RMS Power AMP 65— EEi95
S10 4 x Metal Std Chassis Switched Jack Sotgkoe; AL250 125W RMS Power AMP (1505 £14.45
SPM80 35V Power Supply £ 3-75+ £3.10°
S e omaan ! TSR 1L | PSTZ 2030V Power Supply for ALIOA £33 €115
S12 5 x5-pin 180 Din Chassis Sockets 40p° BAL2 gtereo g'e lA\mp‘!orAAtéigA - £5'95_
S13 8 x 2-pin Din Chassis Sockets 50p° ;:;000 S:Er:g FTA‘ rTnlpneDr /ALEO ,(,39_4-54 E:g:g
. T ] T = .
§14 6 x Single Phono Sockets 40p MPA30 Magnetic-Ceramic Pre Amp -£2-85+ £2.55°
Stereo 30  Complete Audio Chassis 7W +
TW RMS £-625 £14.95
AUDIO LEADS LOOK & LISTEN!
Order No
117 A C Mains connecting lead for cassette recorders °
and radios Telefunken type 45p° GE 100 NINE CHANNEL
118 5.pin Din Headphone Plug to stefeo socket 78p°
119 2 x 2-pin Plug to mhne stereo socket tor MONO-G RAPH'C EQUALIZER
headphones 60p”
123 20ft of coded guntar lead £1.15° 1 MODULE £19'50
124 3-pin 10 3-pin Din Plug 50p The GE100 has nine octave adjustments using ntegrated circuit
125  Audio Lead 5 pin Plug 10 5 pin Din Pl 50p° | 3clve tilters Boost and Cut hmits are * 12d8 Max Voltage handling 2
¢ a P ug P lVRMS THD 005% input impedence 100 K Qutput impedence
126  Audio Lead 5-pin Din plug to tnned open ends p p P
.r;Op' less than 10 K Frequency response 20 Hz 20 KH7 (3d8)
127 Audio Lead 5-pin Din plug to 4 phono plugs 90p The nine gain controls are centred at 50 100 200 400
129 Audio Lead 5-pin Plug to 5-pin Din Plug — 800 1600 3200 6400 and 12 800 Hz The sugg-
mirror 1mage 70p" | ested gain controls are 10 K LIN stiders inot supplied with
130 5 Meter Lead 2-pin Din plug to 2 pin Din inline the module) See Paks S31 and 16192
socket 45p'| sG30 POWER SuPPLY BOARD FOR GE100 150-15
132 10 Meter Lead 2-pin Din plug 65p T £450
ST NG Lo b POR TECHNL.CAL DATAON AL AuDI

HEAVY GAUGE
BLACK PLASTIC BOX

With aluminium hid and fixing screws
Size 6%" x 3% x 2"
Order No S16 Only 75p

FOR RELIABLE JOINTS —ANTEX IRONS/

MODULES

POSTAGE & PACKING
Add 25p for postage and packing unless
otherwise shown Add extra for airmail
Min order £1

www americanradiohistorv com

AVDEL BOND
Cyanocrylate adhesive Bonds — plastic rubber Transis-
mrs Components in Seconds

Order No 143  55p per 2 gm. phial

ORDERING

Please word your orders exactly as
printed, not forgetting to include our
part number.

VAT

Add 12% % to prices marked *
Add 8% to others excepting
those marked t. These are zero.

Herts
COMPONENTS SHOP:

18 BALDOCK STREET, WARE, HERTS.

IN931D QILNINE 7 SIINOXLIZTIOLLO A0+ LdO

‘SNIL P SAAVOd °S.

I-PANK

Dept. WW3, P.O. Box 6, Ware
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

BSR HI-FI AUTOCHANGER
STEREO AND MONO £21.50 rost 750

Plays 12/, 10' or 7' records
Auto or Manual. A high quality
unit backed by BSR rehabihty
with 12 months’ guarantee. A.C
200/250V. Size 13%-11%in
3 speeds. Above motor board
3%in. Below motor board 2 V2ain
with Sonotone V100 magnetic
canridge

BSR P128 with magnetic cartridge Balanced arm Cueing
device Bias Compensator £24.50. Post £1

PORTABLE PLAYER CABINET

Modern design. Rexine covered
Vynair front grille Chrome fittings

£45° Post 75p
Motor board cut for BSR or Garrard deck

Size 17 x 15 x 8in approx
HEAVY METAL PLINTHS

With PV C. Cover Cut out for most BSR £6.50
or Garrard decks Silver grey frmish Post £1 50
Model "A" Size 122 x 14% x 7%2in

Model ‘B Size 16 x 13% x 7in £7.50
Extra large plinth & cover. teak wood base

Size 20'' X 17%' x 9" £18.50. Callers only

BSR SINGLE PLAYER

Ideal replacement or disco deck
with cueing device and stereo
ceramic cartridge. 3 speeds Large
turntable, modern design

£15.50 posi 750 M

ELAC HI-FI SPEAKER
8in. TWIN CONE

Dual cone plastc roll surround Large
ceramic magnet. 50-16.000 ¢/s Bass
resonance 40 ¢/s. 8 ohm impedance

10watis. RMS  £5.95 pogy 350

R.C.S. SOUND TO LIGHT KIT Mk. 2
Kit of parts to build a 3 channel sound to light unit
1,000 watts per channel

Easy to build. Full instructions supplied. Cabinet £4.
Will operate from 20MV to 100 watt signal

R.C.S. LOW VOLTAGE STABILISED
POWER PACK KITS £2_95

All parts and instructions with Zener dicde,

pnnted circuit rectifiers and double wound Post 45p
mains transformer. Input 200/240V a.c

Output voltages available, 6 or 7 5 or

9or 12vVdc upto 100mA or less. Size 3 x 2% x 1%2in Please

state voltage required.
£3.35

R.C.S. POWER PACK KIT
Post 30p

£17

Post 35p.

12 VOLT, 750mA Complete with printed
circunt board and assembly instructions.
12 VOLT 300mAKIT, £3.15

R.C.S. GENERAL PURPOSE TRANSISTOR

PRE-AMPLIFIER — BRITISH MADE
ideat for Mike, Tape, P U , Guitar, etc Can be used with battery
9-12Vor HT line 200-300V d ¢ operation Size 1% x 1% x
Yain. Response 25 c/sto 25 ke/s 26 dB gain
For use with valve or transistor equipment £ 1 .45
Full instructions supphied Detalls S.A E. Post 30p

RCS DRILL SPEED CONTROLLER/LIGHT DIMMER KIT.
Easy to build kit. WAll control up to 500 watts AC mains

£3.25 Post 35p
RCS STEREO PRE-AMP KIT. All parts to build this pre-amp.
Inputs for high. medium or low imp per channel, with volume
control and P.C Board Can be ganged to make multi-way stereo

mixers £2.95 pos 35p

SMITH'S CLOCKWORK 15
AMP TIME SWITCH

0-6 HOURS £3.30 posi 35p

Single pole two-way Surface mounting
with tixing screws Will replace existing
wall switch to give hght for return home
garage. automatic anti-burglar lights, etc
Vanable knob, Turn on or off at full or
intermediate settings. Brand new

TEAKWOOD LOUDSPEAKER GRILLES will easily fit to baffle
board. Size 10%: x 7%:in—45p.

R.C.S. "MINOR’* 10 watt AMPLIFIER KIT

This kit is suitable for record players, guitars, tape playback.
electronic instruments or small P A systems Two versions
available. Mono, £11.25; Stereo, £18. Post 45p Specification
10W per channel; input 100mV: size 9%2 x 3 x 2in. approx
S.A.E. details. Full instructions supplied. AC mains powered

MAINS TRANSFORMERS ALL POST 50p

250-0-250V 70mA, 6 5V, 2A £3.45
250-0-250v BOmA 6 3V 3 5A. 6 3V 1A or 5V 2A £4.60
350-0-350v BOmA. 6 3V 3 5A. 6 3V 1A or 5V 2A £5.80
300-0-300V 120mA 2x6 3V2ACT 5V 2A £8.50
220V 45mA, 6 3V 2A5——_ .. /‘\/\/—41 7 3ny
HEATED TRANS 6 3V ‘/7 amp £€1.00
Ditlo £1.40

GENERAL PURPOSE LOw VOLTAGE Tapped outputs 2amp 3 4 5.6,

8 9 10,12 15,18, 25and 30V £5.30
lamp 6 8. 10 12.16 18 20.24
2amp 6 8 10 12 16 18,20 24,
3amp 6.8.10 12 16 18.20 24

30 36.40 48 60
30 36 40.48. 60
30 36.40 48.60

-

£5.30
ES.SO*
£11.00

VOLUME 80 Ohm Coax 8p yd.
CONTROLS FRINGE LOW LOss 15 ya.

Ideal 625 and colour
5k(2to 2M0. LOG or LIN L/S
35p. D P 60p. STEREQ L/8 PLUGS 10p. SOCKETS 10p.

LINE OCKET 18p.
85p. D.P. £1. Bdge 5K. S P | G 7 et Soxzs 5055. .
Transistor 45p. - 300 ohm FEEDER 5p yd

Samp 6.8 10 12 16 18.20 24 30 36 40 48.60 £14.50
12V, 100mA £1.00 20V 40V, 60V 1 amp £3.50
12v. 750mA £1.00 12V, 300mA £1.00
20V 3amp £2.45 10V, 30V. 40V 2 amp €2.75
30V Sampand 17V-0 17V. 40V, 2 amp £2.95
2amp £€3.45 20V 1 amp £2.20
058 10,16V Y2amp  £1.95 20V-0-20V 1 amp £2.95
20V Y2 amp £1.75 30V-0-30V 2 amp £7.00
20V 3 amp £2.50 20§ 18V 6 amp £11.00
30V 1% amp £€2.7% 12-0 12V 2amp £2.95
AUTO THANSFORMEHS 1 15v 10 230V or 230V|c 115V 150W £€5.00
250w 6.0 w 50 £8.00
FULL WAVE BR!DGE CHAHGER RECTIFIERS
6 or 12V outputs, 2 amp  75p. 4 amp  £1.00
CHARGER TRANSFORMERS 1% amp £3.50
4 amp £6.80
12V 1Y amp Half Wave Selenium Rectifier 25p
SPEAKERS
13 X 10 X 6in

50 to 14,000 cps.
8 watts rms 8 ohms

£16 pair Post £1 30

ELAC 9 x Sin HI-FI
SPEAKER TYPE 59RM £3-45 rosiss

This famous unit now available 10 watts 8 ohm

E.M.l. 13'2 x Bin. SPEAKER SALE'

With twin tweeter and Ditto

crossover. 10 watt. 15 watts,

3 or 8 ohm 8 ohm

£7.95 £10.50
Post 45p Post 65p

\é\/nh tweeter and crossover

0 watt.

Bass res 25¢p.s. £1 1 .50
Flux= 11,000 gauss. Post 75p
8 or 150hm. 20 to 20.000 c.p.s.
Bookshelf Cabinet

Teak finish. For EMI 13 x B speakers

£8.50
Post £1 00
THE “INSTANT" BULK TAPE ERASER i
AND HEAD DEMAGRNETISER. Suitable for
cassettes, and all sizes of tape reels. A C

mains 200/250V. Leaflet S.A.E.
Will also demagnetise small tools.

£4.95 «

Post 50p

BLANK ALUMINIUM CHASSIS. 6 x4—70p; 8x 6—90p; 10
x7—£1.15;12x8-£1.35;14x9—£1.50; 16x6--£1.45; 16
x T0—£1.70. ANGLE ALI. 6 x % x %in—15p.

ALUMINIUM PANELS. 6x4—17p; 8x6—24p; 14 x 3-25p;
10 x 7—35p; 12 x 8—43p; 12 x 5-30p; 16 x 6-43p; 14 x
9—-52p; 12x 12—68p; 16 x 10—75p.

ALI BOXES IN STOCK. MANY SIZES

VARICAP FM TUNER HEAD with circuit & connections £4.95.
TAG STRIP 28-way 12p.

TAPE OSCILLATOR COIL. Valve type, 35p.

BRIDGE RECTIFIER 200V PIV Y2 amp 50p. 8 amp £2.50.
TOGGLE SWITCHESS P 30p. D.PST.40p.DP D T 50p.
MANY OTHER TOGGLES IN STOCK

PICK-UP CARTRIDGES ACOS. GP91 £1.50. GP93 £2.50.
SONOTONE stereo £2.00. SHURE M75 ECS £8.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 15p ea.

RADIO COMPONENT SPEGIALISTS

Radio Books and Components Lists 10p. {(Minimum posting charge 30p.) Cash prices include VAT. (We accept Access or Barclaycard. Phone your Order)

GLOBAL SPEAKERS £3.95 ea.

These httle marvels of modern sound reproduction are ideally
suited for today’s domestc audio set-up Two of these smart
spheres, each with 5 watt deep throated ceramic magnets, will
produce superb stereo reproduction

The globe shaped cases in high gloss mouldings of red or green,
are finished with chrome frontal tnm and provided with screw-on
rubber inset protective bases In addition. 2%
metres of strong lead
already fitted with phono
plug 1s supplied.
Frequency
100-20.000 Hz
Impedance B ohms

Response

{1

Power Capacity 5 watts

-

LOW VOLTAGE ELECTROLYTICS

1,2,4.5,8,16, 25 30. 50, 100. 200mF 15V 10p.

500mF 12V 15p; 25V 20p; 50V 30p;

1000mF 12V 17p; 25V 35p; 50V 47p; 100V 70p.

2000mF 6V 25p; 25V 42p; 420mF 7500V £1.30.

2500mF 50v 62p; 3000mF 25V 47p; 50V 65p.

3900mF 100V £1.60. 4700mF 63V £1.20. 2700mF/ 76V £1.
5000mF 6V 25p; 12V 42p; 35V 85p. 5600mF/76V £1.75
MANY OTHER ELECTROLYTICS IN STOCK

SHORT WAVE 100pF air spaced gangable tuner, 95p.
TRIMMERS 10pF. 30pF, 50pF. 5p. 100pf. 150pF 15p.
CERAMIC, 1pF to O O1mF. 5p. Silver Mica 2 to 5000pF, Sp.
PAPER 350v-0 1 7p; 0 5 13p:; TmF 150V 20p; 2mF 150V
20p; 500V-0.001 10 0.05 5p; 0.1 10p; 0 25 13p; 0 47 25p.
MICRO SWITCH SINGLE POLE CHANGEOVER 20p.
SUB-MIN MICRO SWITCH, 25p. Single pole change over
TWIN GANG, 385 + 385pF 50p; 500pf standard 75p: 365 +
365 + 25 + 25pF. Stow motion drive 65p.

120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p.
NEON PANEL INDICATORS 250V. Amber or red 30p.
RESISTORS. aW, 2W W, 20% 2p; 2W. 10p; 1002 1o 10M
HIGH STABILITY. 2W 2% 10 ohmsto 6 meg , 12p.

Ditto 5% Preferred values 10 ohms to 10 meg , 5p.

ELECTRO MAGNETIC
PENDULUM MECHANISM

1 5V dc operation over 300 hours contrnuous on SP2
battery. fully adjustable swing and speed Ideal displays
teaching electro magnetism or for

Mmetronome, strobe, etc 95p fesiEon

www americanradiohistorv com

BAKER MAJOR 12'' £15.00

Post £1 00
30-14,500 c/s, 12in double cone,
woofer and tweeter cone together
with a BAKER ceramic magnet
assembly having a flux density of
14,000 gauss and a total flux of
145,000 Maxwells. Bass resonance
40 c/s. Rated 25W. NOTE 4 or Bor
16 ohms must be stated

Module kit. 30-17.000 c/s with
Z;Tﬁ;er, Crossover, £ 1 9.00

and instructions Post £1 60 each
Please state 4 or B or 16 ohms.

BAKER “"BIG-SOUND"" SPEAKERS. Post £1 00 each

‘Group 25 ‘Group 35’ l(t}sroup 50/15°
21 12in in
30w £12.00 26w £14.00 75w £26.00
4 or 8or 16 ohm 4 or 8 or 16 ohm 8 or 16 ohm

BAKER LOUDSPEAKER, 12 INCH. 60 WATT.

GROUP 50/12, 4 OR 8 OR 16 OHM HIGH POWER.

FULL RANGE PROFESSIONAL QUALITY

RESPONSE 30-16.000 CPS £21 .00
MASSIVE CERAMIC MAGNET WITH Post £1 60
ALUMINIUM PRESENCE CENTRE DOME

TEAK VENEERED HI-FI SPEAKERS AND CABINETS
For 12in. or 10in speaker 20x13x12in £14.50 Post £2
For 13x8in or Bin speaker £8.50 Post £1
For 6%2in speaker and tweeter 12x8x6in  £5.80 Post 75p
Many other cabinets 1n stock. Phone your requirements
SPEAKER COVERING MATERIALS. Samples Large S A E
LOUDSPEAKER CABINET WADDING 18in wide 20p ft

R.C.S. 100 watt
VALVE
AMPLIFIER
CHASSIS

Four inputs Four way mixing. master volume, treble and bDass
controls Suits all speakers This professional qualty amplifier
chassis 1s suntable for all groups, disco, P.A , where high quality
power s required 5 speaker outputs. A/C mains operated Slave
output socket. Produced by demand for a quahty valve amplifier.
100V line output to order Send for leaflet.
Sutbwe carrying cab £16.50 Price £94 carr £2.50

Horn tweeters 2-16kc/s. TUW 8 ohm or 16 ohm £3.60.

De Luxe Horn Tweeters 3-18kc/s 30W B ohm £7.50.
CROSSOVERS. TWO-WAY 3000 ¢/s 3 or 8 or 15 ohm
£1.90. 3-way 950 cps/ 3000 cps. £2.20.

LOUDSPEAKERS P.M. 3 OHM 7x4in. £1.50; 6%2in , £1.80;
8x5in , £1.90; 8in , £1.95.

SPECIAL OFFER: 80 ohm 2%in . 2%in, 35 ohm, 3in, 25
ohm, 2%n, 3in, 5x3in. 7x4in . B ohm. 2%n, 3in., 3%in .
Sn., 15 ohm, 3%in dia, 6xdin, 7x4in, 5x3in,

3ohm , 2%2in., 2%in . 3%in.. 5in dia £1.50 each.

PHILIPS LOUDSPEAKER, 8in . 4 ohms, 4 watts, £1.95
RICHARD ALLAN TWIN CONE LOUDSPEAKERS

8in diameter 4W £2.50. 10in diameter 5W £2.95;

12in. diameter 6W £3.50. 3/8/ 15 ohms, please state

PIEZO ELECTRIC HORN TWEETER. Handles up to 100
watts. No crossover required £7.95.

Tweeter Volume Control 15 ohms 10W with one inch long
threaded bush for wood panel mounting Yain. spindle. 65p.

BAKER 150 WATT
PROFESSIONAL
MIXER AMPLIFIER

All purpose transistonsed
Ideal for Groups, Disco
and PA 4 inputs speech and music
Output 4 8/16 ohms ac Mains Separate treble and
bass controls Master volume control.

Guaranteed Details S A E £75 £1 50 carr.

100 WATT DISCO AMPLIFIER
volume, treble. bass controls 500 M V or 1 volt input
Four loudspeaker outputs 4 to 16 chm All transistor

GOODMANS COMPACT
12-INCH BASS WOOFER

Standard 12in diameter fixing with
cut sides 10% square 14 000 Gauss 1
magnet 30wattsR.M S 4 ohm imp
Bass resonance = 30 cps
Frequency response 30-8000¢cps
£10.95 each Post £1

ALUMINIUM HEAT SINKS. FINNED TYPE.

Sizes 612" X 42" X 214" 95p. 62" X 2'' X 2" 65p.
BALANCED TWIN RIBBON FEEDER 300 ohms. 5p yd.
JACK SOCKET Std. open-circuit 20p, closed circuit 25p;
Chrome Lead-Socket 45p. Mono or Stereo.

Phono Piugs 8p. Phono Socket 8p.

JACK PLUGS Std. Chrome 30p; Plastic 25p; 3.5mm 15p.
STEREO JACK PLUG 30p. SOCKET 25p.

DIN SOCKETS Chassis 3-pin 10p. 5-pin 10p.

DIN SOCKETS FREE 3-pin 25p; 5-pin 25p. DIN PLUGS
3-pin 25p; 5-pin 25p. VALVE HOLDERS, 10p; CANS 10p.
TV CONVERGENCE POTS 15p each
Values = 5. 7 10. 20, 50 100. 200. 250 470 2000 ohms

4 way mixing

£59

MONO PRE-AMPLIFIER. Mains operated
sohd state pre-amplifier und designed to
complement amplifiers without low level
phono and tape input stages This free-
standing cabinet ncorporates circuitry for
automatic Rt A A equalisation on magnetic
phono input and N A B equalisation for tape
heads  Power ON/OFF. PHONOQ/TAPE
switches and pilot lamp are on the front panel
phono socket input and output are rear located

£4.5° each or £8 pair. Post 50p

Ry

337 WHITEHORSE ROAD, CROYDON

Open 9-6. Wad. 9-1. Sat. 9-5 {Closed for unch 1.15-2.30)
Tel. 01-684 1665
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15—240 Watts!

The HY5 1s @ mono hybrid ampifier deaily suited for all applications AN common input functions

(mag Cartridge. tuner etc) are catered for internally. the desired function is achieved either by a

multi-way swiich or direct connection 1o the appropriate pins The internal volume and tone circuits

. merely require connectingto external potentiometers {not inciuded) The HY5 is compatible with atl

Preamph“er 'L P power amphfiers and power supplies To ease construction and mounting a P C connector is

supplied with each pre-ampiifier

FEATURES: Complete pre-amplitier in single pack - Multi-function equalization — Low noise — Low

distortion — High overload - two simply combined for stereo

APPLICATIONS: Hi-Fr — Mixers - Disco - Guitar and Organ -~ Public address

SPECIFICATIONS:

INPUTS  Magnetic Pick-up3mVv Ceramic Pick-up 30mV. Tuner 100mV Microphone: 10mV

Auxihary 3-100mV. input impedance 47k.} at 1kHz

OUTPUTS Tape 100mV: Main output 500mV R M S

ACTIVE TONE CONTROLS Treble ~ 12dB at 10kHz Bass * at 100Hz

DISTORTION O 1% at 1kHz Signal/Noise Ratio 68dB

OVERLOAD 38dB on Magnetic Pick-up: SUPPLY VOLTAGE = 16 50V

Price £5.22 + 65p VAT P& P free

HYS5 mounting board B1 48p + 6p VAT P&P free

H Y3 0 The HY30 is an exciting New kit from | L.P it features a virtually indestructible i C with short circuit »
o

and thermal protection The kit consists of | C  heatsink, P C board, 4 resistors, 6 capacitors
mounting kit together with easy to follow construction and operating instructions. This amplifier is -~ <

] 5 wa“s |nto 8 Q ideally suited 1o the beginner in aud:o who wishes to use the most up-to-date technology available s
FEATURES: Complete kit -~ Low Distortion -— Short, Open and Thermal Protection — Easy to Buitd
APPLICATIONS: Updating audio equipment — Guitar practice amplifier -- Test amptifier ~ Audio @
oscillator w =0
SPECIFICATIONS: ® S
OUTPUT POWER 156W R M S into 81) DISTORTION O 1% at 15W s \\\ >~
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10H2-16kHz -~ 3d8 WY

SUPPLY VOLTAGE +18Y
Price £5.22 + 65p VAT P&P free.

H Y 5 0 The HY50 leads | L.P 's total integration approach to power amplifier design The amplifier features an
integral heatsink together with the simplicity of no external components. During the past three years
the amplifier has been retined to the extént that it must be one of the most reliable and robust High

25 w “s IMO 8Q Fidetity modules in the Worid
a FEATURES: Low Distortion Integral Heatsink -- Only five connections -— 7 Amp output transistors

- No external components
APPLICATIONS: Medium Power Hi-Fi systems — Low power disco — Guitar amplfier
SPECIFICATIONS: INPUT SENSITIVITY 500mV
OUTPUT POWER 25W RMS in 8() LOAD IMPEDANCE 4-161). DISTORTION 0 04% at 25W at
1kHz
SIGNAL/NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kHz — 3d8.
SUPPLY VOLTAGE - 25V SIZE 105.50 25mm
Price £6.82 + 85p VAT P&P tree

The HY120 1s the baby of I.L P 's new high power range. designed to meet the most exacting

requirements including load line and therma! protection. this amplifier sets a new standard in modular

design

. FEATURES: Very low distortion - fntegral Heatsink -— Load line protection -— Thermal protection
60 Watts Into 8 () Five connections — No external components

APPLICATIONS: Hi-Fi High quality disco -~ Public address -~ Monitor amplifier .— Guitar and

organ

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 60W RMS into 81) tOAD IMPEDANCE 4-16+) DISTORTION 0.04% at 60W at

1 kHz

SIGNAL/NOISE RATIO 90dB. FREQUENCY RESPONSE 10Hz-45kHz —3dB SUPPLY VOLTAGE
35v

Size 114 x 50 x 85mm .
Price £15.84 + £1.27 VAT P&P free.

The HY200 now :mproved to give an ocutput of 120 Watts, has been designed to stand the most
rugged conditions, such as disco or group while still retaining true Hi-Fi performance

FEATURES: Thermal shutdown — very low distortion —— Loadiline protection -- Integral Headsink -

. No external components
]20 Watts Into BQ APPLICATIONS: Hi-Fi — Disco - Monitor - Power Slave - Industrial -~ Public address

SPECIFICATIONS:

INPUT SENSITIVITY 500mV

OUTPUT POWER 120W RMS into 8:) LOAD IMPEDANCE 4-16+) DISTORTION 0.05% at 100W at

TkHz

SIGgJAL NOISE RATIO 96dB FREQUENCY RESPONSE 10Hz-45kHz - 3dB. SUPPLY VOLTAGE
45v

SIZE 114 x 100 x 85mm
Price £23.32 + £1.87 VAT P&P free.

The HY400 15 | L.P. s 'Big Daddy ' of the range producing 240W into 4()! It has been designed tor
high power disco or public address appications If the amplitier is to be used at continuous high power
levels a cooling fan 1s recommended The amplifier includes all the qualities of the rest of the famiily to

lead the market as a true high power hi-fidelity power module
240 Watts into 4Q FEATURES: Thermal shutdown — Very low distortion — Load line protection No external
components _—
APPLICATIONS: Public address -— Disco - Power slave -~ Industrial
SPECIFICATIONS:
OUTPUT POWER 240W RMS into 41) LOAD IMPEDANCE 4-16.) DISTORTION O 1% at 240W at
1 kHz
SIGNAL/NOISE RATIO 94dB FREQUENCY RESPONSE yOHz-45kHz - 3dB SUPPLY VOLTAGE
45v
INPUT SENSITIVITY 500mV SiZE 114 x 100 x 85mm
Price £32.17 + £2.57 VAT P&P free.

PU WER PSU36 suntable for two H £6.22 pius 65p VAT P/P free
P 0 suitable for two HY50 s £6.82 pius 85p VAT P/P iree
PSU 70 1able tor 2 HY 1 £13.75 plus £1 10 VAT P/P free
SUPPLI ES PSUI0 surtable for one HY200 £12.65 plus €1 01 VAT P/P tree
PSU180 suilable for two HY2000 s or one HY400 £23.10 plus £1 85 VAT P/P liee

asp

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS

|.L.P. Electronics Ltd Please Supply . 0

Total Purchase Price =
Crosslangi House I Enclose Cheque (1 Postal Orders 1 Money Order [

Nackington, Canterbury Please debit my Access account [ Barclaycard account [J
Kent CT4 7AD pecount number —

ame ress
Tel (0227) 63218

Signature

WW—056 FOR FURTHER DETAILS
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Collected Cicards

PWilllams J Carruthers JHEvans JKinsler

from Wireless orld )

A WIRELESS WORLD PUBLICATION

CIRCUIT DESIGNS-2 £12.50 inc.

The sccond collection of ten of
Wireless World's highly successtul
Circards - previously published

Includes:
Basic logic gates
Wideband amplifiers

C.d.as-signal processing
C.d.as-signal generation
C.d.as- measurcment and

detection
Monostable circuits
Transistors pairs

Alarm circuits
Digital counters
Pulse modulators

HI-F1 YEAR BOOK 1978 £3.40 inc.

Your comprehensive guide to the major categories of hi-fi equipment. with pictures. descriptions.
specifications. prices - evervthing you need to help you in vour choice of equipment - backed by
authoritative articles on choosing and using,

HIGH FIDELITY DESIGNS-1 £1.35 inc.

by the journal - giving selected
circuits and other circuit data.

This book is the first collection
of popular audio constructional
articles formerly published in
Wireless World. Tt covers the
whole range of equipment. from
signal sources 1o speakers and
headphones, and from it can he
selected a system suitable for
most reqguirements:

Includes:

From Hacksaw to Haydn
High-quality tape recorder
Turntable construction
Pick-up arm construction

F M. stereo tuner

Phase-tocked sterco decoder
Bailev-Burrows preamplifier
30-watt high fidelity amplifier
30-watt amplitier moditication

HIGH FIDELITY DESIGNS-2 £2.75 inc.

Published to mecet-the continued
demand for reprints of Wireless
World constructional projects.
this book contains twenty five
more of the 'most requested’
articles which readers have
asked for :

EM. tuner design

Novel stereo fan, tuner
Low-noise. low-cost cassctte deck
Wireless World Dolby noise
reducer

-

Wideband compander design

High quality compressor/limiter

An automatic noise limiter
Modular integrated circuit
audio mixer

The walltenna”

Electronic piano design
Advanced preamplifier design
Pigh quality tone control
Multi-channel tone control
Bailey Burrows preamplifier
30-watt high fidelity amplificer
30-watt amplifier modification

Modular preamplifier design
Simple class A amplifier
New approach to class B
amplifier design

A non-resonant loudspeaker
enclosure

Low-cost high-quality

Jloudspeaker design

Elcctrostatic headphone design
Anic peak programme meter

Baxandall tone control revisited
Active crossover networks
Electrostatic headphone
amplifier

Class A power amplifier

An i.c. peak programme meter
Horn Toudspeaker design
Horn loudspeaker

The transmission-line
loudspeaker enclosure
Commercial quadraphonic
systems

AELL LR Y R R N R R N R R PN Y Y Y Y N R Y L N
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ORDER FORM

To: General Sales Department.
192C Business Press Ltd..

Room CP34. Dorset Housc.
Stamford Street. London SE19LU

Please send me publications
as indicated below:
(please state quantity)
Circuit Designs-2

@ E12500NC. coosrnaceas
Hi-Fi Year Book 1978
WL3H0INC. veeeonnaene
High Fidelity Designs- 1

7 £1.35INCevecessensea
High Fidelity Designs-2

@ L2.75INC. coevavssasee
I enclose remittance

value Lo

(cheques pavable to 1PC
Business Press Ltd).

NAME
PLEASE PRINT)

ADDRESS

WW/TA/TT

Company registered in Fngland
No. 677128. Registered office:
Dorsct House. Stamford Street,
London SE1 9L.U.

T L L R T L RN R L Y Y Y Y Y L)
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TRUE

PROFESSIONALS

Including: EMI, Decca (UK), BBC, Pink Floyd,
Hawker Sldley, Metropohtan Pohce The Who,
Queen, Thames TV, ITN, Capltal Radlo
Decca (France), Ministry of Defence, Birds
Eve, Rolls Royce Crown Agents, Madame
Tussaud’s, Island Music, Chappells, Dick
James Music, Neve, Alice Israel Defence
Ministry, Yes Musnc Umversnty of Bucharest,
Pye TVT, Avon Health Authority, Government
of Seychelles Philippines Radio, London
Broadcasting, Rolling Stones, Thin Lizzie,
British Railways, Natural Hlstory Museum,
Virgin Records, Kirilo Savic Institute of
Belgrade, all British Universities, London
Weekend TV, BOC, Wings, IBM, every Local
Radio Station, Post Office Research, Rank
Organisation, and many others.

ACHKNOWLEDGE

That ITA has more to offer:
® Location.In Central London -easy parking.

®Delivery. Large stockholding covering
500 versions for immediate delivery.

® Servicing By ITA factory trained staff.
Quickest turnaround time.Machines

supplied or rebuilt for special requirements.

@® Pricing.Check our prices-you will find
them lowest ALWAYS.

REVOX

A wide range of two channel recorders
from this famous manufacturer, with
tape speeds from 15/ 16 ips to 30 ips.
Options include variable speed and
sel-sync. Models include A77, B77
and 3.77 with 3 speeds and editing
fdesigned and modified by ITA
specifically for professional applica-
tions).

TEAC
Recordlers for logging and studio use —

tape speeds from 1 %8 to 15 ips. 2, 4 or -
8 channel. A range of mixers is also

available.

ITAM

4 and 8 channel recorders for studio
use. Any tape speed from 1% ips for
fogging and data recording.

OTARI
Duplicating equipment for high speed
cassette copying, including the

DP4050 mode! —
in-cassette copier, with 6 slave units.

ITRs ADVANTAGES

1-7 Harewood Avenue, Marylebone Road, London NW1. Tel: 01-724 2497.

Telex: 21879.

WW-—101 FOR FURTHER DETAILS
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I ILs E TEXAS C-MOS 1.Cs ' OP. AMPS TRANSISTORS DIODES
7400 16p |74107 36p | CDA000AE 20p | 1458  Dwal Op Amp Imt Comp 8 pin DIL 70 2N3055 65
P | AC125 385p BFYS50 22p Bl IGNAL
74H00 28p | 74109 89p | CD4OO1AE 20p | 301A Ext Comp 8 pin DIL 36p | AC126 28p BFYS51 22p | 2N3439 67 OAd7 °
74500 63p |74110 55p | CD4002AE 20p | 3130 COSMOS /B Polar MosFet 8 pin DIL 100p | aC127 25p BFY52 22p | 2N3442  140p 0AB1 20“
LS00 3 74111 9 CA3140 BIMOS 8 pin DIl 100p AC128 25p BFYS0 90p | ¥2N3565 30p P
74 Op Op | CDA0OBAE  95p | (a3160 int Comp BpinDIL  110p | aC1a1 206 | BRv39  4sn | +2N3843  4sp | O0AB5  20p
7401 18p [74116 200p | CD40O7AF  20p | [M3IBN High speed 8 pin OIL 200p | AC142 20p BSX19 20: «2N3644  48p 0A90 Sp
7402 18p (74118 84p | CD4A00BAE 107p | WM324N Quad Op Amp 14 pin OIL 120p | AC176 25p BSX20 20p | #2N3702  12p O0AS1 9p
7403 18p [74120 120p | CD4009AE 61p | M348N Quad Op Amp 14 pin DIL 1250 | ac187 25p | #BU105  140p | #2N3703  12p 8:330 gp
7404 23p |74121 32p | CDAO10AE  60p | NESSIV  Huhsiew rate 8 pin OIL 140p | aCig7k 30p BU108  250p | #2N3704 12p R mn
74H04 36p {74122 54p | CDAO11AE  20p | NE2i3K  ServoAmp 1099 200p | ACiB8  25p | %BU205  200p | *2N3705  12p 4
3300 Quad Op Amp 14 pin DIL 70p *2N3706 12, ING14 4p
7405 25p (74123 76p | CDAOI12AE  20p | 708 Ext Comp 8/TipnDl 360 | AD130 498 | wlisa0 ebn | e2n307 125 | INSte e
7406 43p | 74125 73p | CDA013AE  55p | 741 Int. Comp. 8/1apinDIL  22p | ap1g1 a5 MJa81  175p | #2N3708  12p INd 14 4p
7407 a3p 174126 70p | CDAO15AE 90p | 747 Ouai 741 14 pin DIL 700 | Ap162 45:: MI491 zoos *«2N3709  12p | RECTIFIER
7408 25p |74128 75p | CDA016AE  50p | /48 Ext. Comp 8/14pnDIL  36p | aFi1a 30p MJ2501 225p | 2N3773 300p | «BY100  25p
7409 27p 174132 70p | CDa017AE 100p 105 Programable Op Amp T0-5 180p | aF115 30p | MJ2955 120p | 2N3866  90p | #BY126 12p
7410 18p [74136 75p | CDa0184E 110p | LINEAR 1.C.5 AFIILE R 300 §f | REMUE 295 SR 30p ||+ 2M 303 B! 201 | R0 1121788810 5
74410 28p [74141  75p | CDAOIGAE 52p | WAY-10212" Tone Generator 16pno so0p | ATS7 308 | MO00!. 228e | AON3905 200 | INacg2  op
7411 24p {74142 320p | CD4020AE 120p | YcA3028A g‘}',af‘zf;g‘f‘;‘j;;‘yp 1359‘" oL gg; AF139 43p | #MPSAO6  30p | *2N3906  16p | IN4004  6p
7412 25p (74145 90p | CD4022AE 100p | .Ca3048 Quad Low Noise Amp 16pnDIL 200p | AF239  a8p | #MPSAIZ  50p | 2N4O3E  7Op | IN4005 6P
7413 36 74147 190p | CD4023 22 BC107/B 9p «MPSASE  32p N4058 15p IN4AQO 7 70
p D4023AE p | *CA3053 Diff Cascade Amp 105 70p 2N4059 10,
7414 75p [74148  160p | CDA024AE  80p | CA30B0E  Op Transcond Amp BonDIL  sop | BCI08/B  Op i e bee  52b | s2Ns0e0  13n | Inssos 13®
7416 33p {74150 140p | CDA025AE 22p | *CA3089¢ FM IF System 16pinDIL  228p | giigac 12 0028 uo: “2N4123  22p INB407 23:
7417 36p | 74151 72p CDA026AE 170p *CA3090 FM stereo Multi Dec 16 pin DIL  400p «BC117 22p 0C35 140p | *2N4124 22p N
7420 18p | 74153 85p | Cpa ICL7106 Mxd 3% Digit OVM 40pinDIL €13 “BC147 9 0c386 140p | #2N4125  22p | ZENER
P | CDA027AE  65p | (Clgo3scC  VCO Fun Gen 14pnDiL 370p | 4acias a | 067 200 | #2N4126  22p | 27Vi033vx
7421 40p | 74154 150p | CD402BAE  98p | (M339N Vol Quad Comparator TapnDiL 200p | Sciige goh | wR20088 2009 | #2N4289 20 | *200mW - 9p
7422 22p | 74155 90p | CD4029AE 120p | (M377N Dual 2W Aud. Amp 14pnDIL 1759 | yzéis7 11 | ¥R20108 2000 | #2N4201 27 W 18p
P P »
7423 37p | 74156 90p | CD4030AE 55p | *.M380 2W Audio Amp 14pnDIL  99p | oricg 10p | #TIP29A a0p | *2N4403 27p
143 S lTAi%  sden| COMIAE 13| amii  Mamiiieas Bl ol |mOS e | RS S| AMGd | BRIGE
P DA4040AE 12 p | * p
7428 36p | 74160 1283 CDA0AZAE  90p | sii3ioN  fomp Contoller (Son DL a0 |*ci2T 11e AUERE oo | AERS 55 RECIIIERS
7430 18p | 74161 120p | CD4043AE 100p | #MC1351p  Um/Det awdpreamp  fapnDIL  a7p | pC70 350 1 QB3I 220 | ORE1c,  agh | w14 sov  25p
7432 36p | 74162 120p | CDAOAGAE 140p MC1495L Multplier 14pnDIL  450p 8C179 18p TIP32A 58p IN5296 55p | *1A 100V 27p
7437 36p | 74163 120p | CD4047AE 100p *MC1496L Bal. Mod/Demod. 14pin OIL  100p «8C182 12p TIP32C 82p | #2N5401 50p *tA 200V 30p
7438 36p | 74164 120p | CD4049AE 63 +MC3340P Electronic Attenuator 8pinDIL  160p *BC183 12p TIP33A 90p 2N6034  180p *1A 400V 32p
7440 19p | 74165  220p | CDAOS0AE 579 | *MC3I00F 4w Audo amp Sonb een |*eCisa  usp | Te3ic  wisp | 2N6107 ssp | %) A B00V 36
mer 4 P TIP34A 115 2N6247  190p | * 4
7441 75p | 74166 160p | CD40S4AE 120p | NE556 Dual 556 vapnDIL 100p | BC187  30p P %24 100V 35p
7442 70p | 74167 CDA0S5AE 140p | NES6! PLL with AM Demod 16onDIl 4250 |38C217 Jie ) TE3AC e e Yson | %24 200v aop
;443 140p | 74170 250p | CD40S6AE 135p | NESSZ Loy oo §3% asC21a  14p | TIPISC 200 | 2N6292  65p | *2A 400V 450
444 140p | 74172 72 (2 2 BC46 1 36, TIP36A 27 40290  250p 4
s 1200 | 34173 15& CDAOSOAE BO0P | nEsss PLL Fun Gen sonOL 2000 | eaSh 300 | TIE38C  340% | Gosso  aop | *3A 600V 72p
4060A! Op | NESE7 PLL Tone Dec 8pnOIL  200p | oleie o TPATA 68 20361 a5p | *4A 100V 84p
7446 100p | 74174 120p | CDA069AE  27p | RCa1S! Vol 1o Fre Converter 8pnDIL  400p | pic2.7 650 | T4t 70p | 40362  45p | *4A 40DV 90p
7447 85p | 74175 85p | CDA071AE  27p | SN72710 Oitf. Comparator 14pnDIL  50p B0y 70 18 | TiPaic 78p | 40362  120p 6A 50V  90p
7448 80p | 74176 120p | CD4072AE  27p | *SN72733 Video Amp 14pnDIL  120p BCY71 22p TIP4A24A 70p 40409 80p B6A 100V 96p
7450 18p 74177 120p | CD4081AE 21 *SN76003N Pwr Aud Amp with int HS 16 pin DIL  245p BCY72 18p TIP428 78, 40410 85p 6A 200V 108p
7451 b P | %5N76008 10W Amp in 4 ohms 5pn Passc  250p FtES 53 Thers aab | 20411 300p 6A 400V 120p
Op | 74179 160p | CD4093AE  95p | #SN76013N  PwrAud Ampwah intHS 16 pn DIl 140p BD132 esh | Tip2055  78n | 40836  130p | 10A 400V 270p
7453 20p | 74180 110p | CDA502AE 138p | *SN76018 10W Amp in 8 ohms SpnPastc  260p | ooy 3E asn | aTi593 & 40594 100p [ 25A 400V 400p
7454 18p | 74181 298p | CDAS10AE 130p | *SN76023N Pwr Aud Amp with int HS 16 pin DIL 140p *BD 136 50'; *21X108 10: 40595 110p
7460 18p | 74182 82p | CD4511AE 160p *SN76033N Pwr Aud Amp withint HS 16 pin DIL  230p ~B0139 52p | #ZTX300 13p 40871 s0p | TRIACS
.
7470 36p | 74184 160p | CDAS1BAE 112p | Siaadvin  asmetoc 2710 [6prOIL 875 | 480140 S8p | w27X500  15p | 40872 84D | piagyc
7472 30p | 74185  150p | CDAS1BAE 130p | #7AAGG1B  FMIF Amp Limiter/Der QI 120, | BOYSS  200p | ZNASTA 9% | eere Amp Volts
;3;2 ﬁ 74186 920p | CD4520BE 100p BAG41E Audo Amp L 2% | arey 23p | INe9s  asp | ¥EF2448  36p | & 409 gg:
74190 160p | CD4528AE 120', *TBABST Tuner & IF Amp 16 pin QIL  200p BF170 23, 2N706 20 *BF256B 70p
741574 56p | 74191 160p | CD4560BE *TBABOO 5W Audio Amp ai 90p BF173 250 | 2n708 208 | «MPF102  4sp 13 FooRnoZle
7476 asp | 74192 120m R S *TBAB10 7W Audio Amp Qi 100p BF177 26p ING18 a0p | «mpr103  aop | 19 299 P
MEMO IE *TBAB20 2W Audio Amp ail 80p 500 140p
7476 36 4193 1 BF178 28p 2N930 18p | *wMPF104  40p 15 400 160
p | 7419 60p | 1702A #TCA940 10W Audio Amp Qi 200p BF170 33 IN1131 18 MPFI05  40p 160p
7480 74194 120p | 21022 200p #T042020 20W Audio Amp QiL/oiL 328 BF 180 330 | 2n1132  tap | *2n3819  2sp | 13,300 180p
7481 95p | 74195 95p [ 2107 1000p | 2ZN1034€ Precision Timer 14 pnDIL  200p e 220 | 5n1308  75p | «2n3820  sep | 40430 130p
7482 74196 120p | 21122 300p | *NI24 ioEHadojlocesey AP L A Yop | 2N1305 78 | 2n3823  s7p | £0869 130
ated Lin Amp in P IN5245 40
283 el (2 120p | 2114 15000 | 7naose 8 bt D/A Converter 16on0lL a30p | 2SE198  3b | INII0S  JEP | iiNoass  aop | BRIOO 30p
e Op | 74198 250p | 2708 2500p | Basic data sheets on above at 20p each +S AE BF197 15p IN1308 75p | *2N5458 40p | HEATSINK
e 120p [ 74199 250p { 2716 4000p OPTO-ELECTRONICS BF200  32p | 2N1309  75p | *2N5458  40p | For 10-220 Vo
L 3;49 74221 160p | 6810A 400p 0CP70 90p ORP12 90p | BF257 32p 2N1613 25p | #2N5460 70p | Regs and Transis-
82 Op | 74251 140p | 8080A  1200p | 5¢p7g 120p ORPEO 90p | 87258 350] | N1l iyese *2N5485  40p | o5 17° C/wW 25p
40p BF 25! 45 N1 30,
7491 85p ;ig?g zgg':, gg;i i%p 2N5777 45p ORPG 1 90p | @337 08 | 2N2102 555 | MOSFETs CRYSTAL
7492 55p [ 74279  140p | 8228 700p | LEDS IR b | ana2is e | Niio  amn | VM 7@
7493 40p | 74283  190p | 8245 450p | TIL209 Red 16p 0.2"" Red 18p | orhs0 Joe | 2222 3| Gmiar sen
7494 90p | 74290 150p | 8251 800p | TIL211 Green 20p Green 20p | «BFR79 30p | 2N2484  30p 3N187  180p PO
7495 70p | 74293 150p | 8255 800p | TIL32 infrared 75p Yellow 36p | *BFRBO 30p | 2N2904/A 25p gmgg; :gv PLEASE
7496 84p | 74298 200p | 8728 225p SEVEN SLGMENT DISPLAYS BFR81 30p | 2N2905/A 2Sp P
o «BFRS8 30p | 2N2906/4 24p | 40603 63p SEND
A7 ?;g: 74365 150n1 Av5.1013 600 | 30;5F TIL3 1 600p | "BFX29  30p | 42N2926R 7p | 40673  90p SAE
74 150p | AY-5-2376 1100p DL704 Red 14OP TIL312 110p BFX30 34p | #2N29268 1S 40841 80p e d
;i:gg g 74390 2029 RO-3-2513 800p | 707 Red/Green 140p TIL313 110 || eExBa R a0p || f«2N23260 i 0p | I o S 3a o
22 ) BFX85 30p | #2N Y 12 P OUR
P g p | X887 13600 | 747 Red/Green 225p TIL321/322 130p| BEXBS 300 | wINIRARK 12e | Moo 120n
VOLTAGE REGULATORS — riXED - PLASTIC FND 357 120p TIL330 1 140p | BFxs? 30p | 2N3053  22p | 2n2646  asp | CATALOGUE
1 Amp Posiive 1 Amp Negative FND 500,507 120p BFX88 30p | 2N3054 65p | w2N4871 65p L 8 84
5v 7805 115p 5v 7905 :Ggp Drivers: 75491 84p 75492 96p. 9368 9370 200p
v 7815 1136 15y 7915 160p| SCR-THYRISTORS 87io6swa ~ —130p | )i85. 2908 |51133% 170|336 225p | sco2 17sp
1 - 14 70p p 1 160p | MC68B00 €13
18v 7818 115p 18V 791 160p C106D 75107 160p | 81LS97 170p | 9322 150p | MC6810 £4
2av 7824 115 2av 7924 160p| 1A 50V TO5 70p  4A/400V Plastic 63p | 75182  200p | B1LS98 170p | 9324 150p | MC6820  £6
LM309K 1 Amp 5V T03 140p TBA6258 12V 0. 5A TO5120p 1A100V TO5 80p #MCR101 75%%4 2009 9302 175p | 9334 17S5p MCE850 €7
LM309H 100mA 5V TO5 75p LM323K 3A 5V 700p| 1A400vV TO5 90p 05A/15V TO.92 35p ;gdsg gg: gg?g ;;:: 93417 :gg:
VARIABLE VOLTAGE REGULATOR 100mA T092 3A400V Stud 100p 2N3525 75151 72p {9212  160p | 93436 650p
723 2V to 37V 150mA 14 pin DIL 45p| +5v 70p| 7A400V TO5+HS 80p 5A/400V T0-66 120p | 75452 72p 1 9314 165p | 93446 650p
M317T2V1037V 1 5AmpT0220  300p|+12v  70p| 120400V Plasuc :ggz AL e 185
LM327N +5and —12V 100mA 14 pin DIL | +15V 70 7 astic P .
M3ZIN +352n mA TP Soos| T2V don 16A400V Fiasic 180 4215060 VAT RATES. All items at 8% EXCEPT where
TLA70 2V 10 30V 100mA T0-92 70p| 12v  80p| 16ABOOV Plastic  220p  0.8A/30V T0-92 34p | marked * which are at 1214 %.

8 pin 13p,
22 pin 40p,

24

pin 50p

LOW PROFILE DIL SOCKETS BY TEXAS
14 pn 14p, 16 pin 15p,

28 pin 60p

18 pin 36p.
, 40 pin 75p.

Minimum Order £2
P&P 25p
Fiease aad VAT 10 fotal

Mail Order Only
Govt,, Colleges, etc. orders accepted.

TECHNOMATIC LTD.

54 SANDHURST ROAD, LONDON, NW9
Tel:

01-204 4333. Telex 922800

COMPUTER APPRECIATION

86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel. Godstone {0883) 843221

* % % %

* %

OLIVETTI TELETYPEWRITER
£295.00

ASCII coded
Full ASR Reader/Punch facility

110 Baud Teletype Compatible interface
Correspondence quality upper/lower case
available at + £50.00
Free stand if required
Overhauled and tested

Other hard-copy terminals currently in stock include: ASR33 Teletype, £450.00; KSR35, £195.00, IBM 735 Selectric. £150.00;
Flexowriters (incl. reader/punch), from £75.00.

WW — 088 FOR FURTHER DETAILS
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EASY BUILD SPEAKER DIY KITS
Specsally designed by RT-VC for cost- ]

enclosures come to you ready mitred and professionally

. ) £9q500
conscious hi-fi enthusiasts, these kits R ® 35 p&pf2.50
incorporate two teak-simulate enclosures, V- Yo, 0 69 €9 x Y Size approx.
% . L » B0 o
i two EMI 137 x 8” (approx.) woolers, two BT s i s - e — 133" x 54" x 6% S it
& tweeters and a pair of matching crossovers. 20 x 20 WATT STERED AMPLIFIER f299° 45 watts rms, 90 watts peak output. Big features
Supplied complete with an easy-to-foliow Superb Viscount IV unit in teak-finished cabinet. !ncludetwo disc inputs. both for ceramic cartridges. tape
f 00 circuit diagram, and crossover components. Silver fascia with aluminium rotary controls and ~ p & p input and microphone input. Level mixing controls fitted
STEREO PAIR !nput 15 watts r:ns. 30'walls Peak, eachunit. pushbuttons, red mains indicator and stereo jack  £2.50 with integral push-pull switches. Independent bass and
+ p &0 £550 Cabimnetsize 20" x 117 x 34” (approx.) socket. Function switch for mic. magnetic and crystal treble controls and master volume
_ *SPEAKERS AVAILABLE WITHOUT CABINETS. pick-ups, tape, tuner, and auxihary Rear pane! features two 70 & 100 WATT
Hvslhe untts which we supply with the enclosures illustrated mains outlets. DIN speaker and input sockets. plus fuse. MONO 0ISCO AMP %
Size 13" x 8" (approx.) woofer (EMI). £4 700 per 20+ 20 watts rms, 40+ 40 walts peak. Size approx. ) I
tweeter, and_ matching crossover components. siereo pair 30 x 30 WATT AMPLIFIER KIT 14" x 4" x 103 > { I I
* Power handling 15 watts rms. 30 watts peak. + p & p £3.40 ‘ Specially designed by RT-VC for the experienced constructor. Brushed aluminium W o
T i tascia and rotary controls.
COMPACT FOR TOP VALUE These infinite baffle CORELGED [ CRO0G COXER, ST i Hoce Fax?/e av;:rm:al slivde controls - master volume

Viscount IV amplifier. 60 + 60 peak.p & p £2.50 f29°°

finished. Each cabinet measures approx.  per stereo pair NOW AVAILABLE fully built and tested. £3500 fof perfect graduated change from record deck No, 1 1o
127 97 5" deep. and is in wood simulate. £850 (D03 S et Bk Bocl p&pi250 No. 2. or vice versa. Pre-fade level control 70 watt £
Complete with two 8" {approx.} speakers for FRE To cash or cheque personal shoppers (PFL).Iets T heav‘nen disc before fading 57
maximum power handling of 7 watts. +p&pf2.20 A 4 channel Stereo Adaptor to all buyers of the it in. VU meter monitors output level p&npfd.00

SPEAKERS Twomodels - Duo I1b, teak veneer, 12 watts visicount 20 x 20 (2990 Available separately (395

45 WATT MONOD

0ISCO AMP

tape level, mic level. deck evet, PLUS INTER-DECK FADER

Output 100 watts RMS 200 watts peak. 100 watt £65

+ £1.00p &p.

rms, 24 watts peak, 1837 x 1337 x 71" (approx.). Amplifier at
Duo 111, 20 watts rms, 40 watts peak, 277 x 13" x 113" appx

PAIR

3 Digit- Resettable : Freq

Duolib £ PER PAIR Duo It ADD-ON STEREO CASSETTE TAPE DECK KIT 't PLAYER DECKS Beit drive turntable unit

17 0&pi650 £52 p&pf750 Designed for the experienced D.1.Y. man. This 2 speed, sem) automatic p & p £2.55
DECCA 20 WATTS STEREO SPEAKER stereo pair kit comprises of a tape transport mechanism, BSR MP60 TYPE Single
This matching loudspeaker system is hand made. kit ready buiit and tested record/replay playrecord player "1595
comprises of two 8” diameter approx. base drive unit. with electronics with twin V.U. meters and less cartridge. p&pf25h
heavy die cast chassis laminated cones withrolled P.V.C. level control for mating with mechanism. Cartridges to suit above
surrounds, two 33" diameter approx. domed tweeters Specifications : Sensitivity - Mic. Acos, magnetic stereo  £4.95
complete with crossover networks. f4.00p & p EZUW 0.85mV« 20K OHMS; Din. 40mV Cera;mc stereo E1..95

PERSONAL SHOPPERS ‘@ 400K OHMS: Output - 300mV RMS per channel « 1KHz — BSR automatic record player deck

STEREO CASSETTE record/replay fully huiI(P.C.hnard£195 from 2K OHMS source: Cross Talk - -30db: Tape Counter cueing device and stereo ceramic head. p & p £2.55 [995

CHASSIS RECORD  BSR BD S 95 TYPE lilus [2455

uency Response - 40Hz -8KHz £ 6db

EA)(':?:I;’T_‘?L‘NV::\:TJ;g.a:vr,at:tfeﬂeullard Lp 1155, 950 Deck Motor - § VoIt DC with electronic speed regulations BSRMP 60 type. complete with magnetic cartridge, £29

1185. 1181 modules. Key Functions - Record. Rewind. diamond stylus, and de luxe plinth and cover.  p & p £4.50

100K Multiturn Varicap tuning pots. 6 tor g0 Fast Forward, Play, Stop & Eject. p&pr2so £19% Home 8 Track cartridge player This unitwill match o g npo

PAIR STEREOQ 8 WATT SPEAKERS 8" bass units [9 g5 Opt. Extras: Mains Trans. to suit £2.50 p.p. 1. with the Viscount IV 8" x 8”x 33", p & p £2.50 1 6

with 33" app tweeters Size 163" 117 x 83" Send stamped Tourist IV 1
ft

any 8 track player to cassette player. A Frice correct at and

Plinth & cover BSR or Garrard teak finish EGUU s addressed envelope CAR RADIO KIT
DECCA DC1000 Stereo Cassette P.C.B. [295 R T V c for (urlherde(aulsp For the experienced’ « ) ol 4
complete with switch oscillator coils and tape-heads 323 EDGWARE ROAD. LONOON W2 constructor only

AM.FM. Stereo_ Multiplex Car Radio/cassette £3600 21c HIGH STREET. ACTON, W3 6NG , Output 4 watts into 4 oimns. G

player in dash fixing Negative earth 5 watts output ALL PRICES INCLUDE VAT AT 121% = 12 volts pos or neg {altered internally) [1 250 p&p £1.50

I.C. Stereo 8 Track to Cassette adaptor converts. £ 895 § Al items subject 1o availabilty. "’ FREE TO PERSONAL SHOPPERS BUYING CAR RADIO KIT worth

sibiect to change without notice. ELECTROMATE Rear window heater. modern line element, £3.00 4

Personal Shoppers EDGWARE ROAD LONDON W2 Tel: 01-723 8432, 9.30am-5.30pm.

Halt day Thursday. ACTON: Mail Order only. No callers  GOODS NOT DESPATCHED OUTSIDE UK

a o CAPACITORS SPECIAL PRICES
)

L 10 35 15 68 10 2200 25 .41
== 22 10 a5 20 4700 25 .72
27 18 20 1.400 30
T— 100 6V .20
N K Polyester — Electrolytics e
i | 100V 10% _ 47 10V 02
Radial -
h o 025, o o3 4725 04
C 047 025 10716 03 100 &5 -7
, fantBead oes  .025 1978 93 550 25 loa
22735 10 2 035 V0o 10 s 22063 .15
3335 10 o ‘06 100 10 .04
27 35 10 a5 ‘o8 100 25 g6
1 35V 10 =z 9% 470 25 12
4710 10 : 1000 16 .14 Tag Ended
2235 1 250v 1000 25 .20 10,000 16v
33 35 .11 22 04 470 25 125  £1.00
10 16 125 33 .06 1000 16 .10 2200 63v£1.16
10 25 15 a7 .08 1000 25 .17 4700 63VE.58

C.W.0. VAT included — P&P 20p - overseas extra

GREENWAY ELECTRONIC COMPONENTS

(EAST GRINSTEAD) LTD.
62 Maypole Road, Ashurst Wood, East Grinstead, Sx. RH19 3RB.
Tel. 034-282 3712

A user-oriented treatment covering every facet
of loudspeaker design

HIGH PERFORMANCE LOUDSPEAKERS

by Martin Colloms

Among the many topics included are measurement and
evaluation, minimum phase considerations, active and passive
crossover design, drive unit principles and design. equalisation.
motional feedback; low-colouration enclosures, system synthesis,
low frequency loading techniques, interaction with the environ-
ment and delayed resonance analysis.

The subject is presented in a descriptive and graphical
manner with @ minimum of mathematics, which should be
comprehensible to a wide range of readers from D.1.Y enthusiasts
to professional loudspeaker designers, technical writers on hi-fi,
studio technicians, engineers and students.

1978 256 pages 146 illustrations £8.95

PENTECH PRESS LTD., 4 Graham Lodge, Graham
Road, London NW4 3DG

WW—024 FOR FURTHER DETAILS

G.FMILWARD

ELECTRONIC COMPONENTS

Giant board 610mm x 156mm

RESIST COATED FIBRE-GLASS BOARD

SINGLE SIDED M . R |
This 1s fust-grade 1 16°" board coated with positive resist The sensitised surlace i1s protected with removable light-proof adhesive film :g Vg'? Flu‘olrle:c:m Lighting £375 |
making it possible to handie boards v nromal ighting and t 110 exact Size PrHor 1o exposur o 13/'/8" " 'l 9 £5>00
Standard board 204mm x 1 14mm £1.50 I —waél tings J
Doubie board 204mm x 228mm £€3.00 omplete with tube
Quad’ board 408mm x 228mm £6.00 l Inverter transformers £1.00 |
£9.00

eveloper — 40p. Ferrc 3 75p
Plain Copper-clad Fibre-Giass
Approx 3 18mm thick Single-sided £1.25 square oot
Double-sided £1.50 square foot
Approx 2 00mm thick Single-sided £2.00 square foot
Double-sided £2.2% square toot -
Approx 1 Omm thick Single-sided £1.50 square foot To clear
- - Doubie-sided £1.75 square foot 500.000 controls
FOTOLAK Light-sensitive lacquer . : j AT A Pre-sets. Volume Wire
Positive resist 1 handy aerosol form Just spray board alow to dry plac g wound Convergence etc
positive of required circuit on sensitised surface expose develop and etch {)SPEC'AF OFFER1!! Orclers over £10 ) Mixed bags of s200 Very
You can produce your own perfect circuits within minutes rather than weeks' " £1 Credit voucher included for each £10 value of order 1' handy' £3.00 inc
Widely accepted hy industry as the perfect medium for all prototype work }‘_:1 6 Credit voucher included with £100 orders!|
One can will coat 1-1' square metres of hoard £1.80 per can isive € hs ""ﬁ i'l"‘lm;‘e‘j F’i’ﬂ’ only' Order today! )
— M A e o o o o e e
TEL. 021-327-2339 | POSTAGE AND VAT INCLUDED I 360 ALUM ROCK RD. B'HAM B8 3DR
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REALLY
Read any s good OSCILLOSCOPES lately ?

f’ |

Pod WU it it

il H H

A4 IR L

< [ 8 mt—

v g ” i DC=-25 MH;

"3 | 4 J over FULL

"2 | Display Area

{ 3/ Measuring
i} Accuracy

edge invest:
igation

‘D . Signal Delay
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SCOPEX Instruments Ltd, Pixmore Industrial Estate, Pixmore Avenue.
CcCoO pEx e s T Letchworth. Herts.SG6 1JJ - phone 72771 (STD 046 26)

WW—079 FOR FURTHER DETAILS

TEN GOOD REASONS FOR BUYING
THE NEW FLUKE 8020A DMM.

1. 26 ranges of AC/DC volts and amps, ohms
and conductance.
2.0.25% vdc accuracy over 10°C range for 1
year.
3. 'High power ohms for diode testing.
4. 'Low power ohms for in-circuit resistance
measurement.
5 Conductance ranges allow leakage
measurement to 10,000 M Q
6. 9v battery gives typically 200 hrs. life
7. Protected to 250v dc or rms on any range,
any function.
8. Protects to 6kv for 10us on any range, any
function.
9. 2 year warranty on parts and labour.

10. Large liquid crystal display.

Harlow(0279)29522

B4\ instrument services

\
Edinburgh Way. Harlow, Essex. CM20 2DF. Telex. 81525

The only way to buy.

WW—017 FOR FURTHER DETAILS
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MK14-the only low-cost
keyboard-addressable microprocessor!

The MK14 National Semiconductor
Scamp-based Microprocessor Kit gives
you the power and performance of a
professional keyboard-addressable unit
—for less than half the normal price!

For less than £44.00 you can have your
own microprocessor. One with a
specification that makes it perfect for
the engineer who needs to keep up to
date with digital systems, or for use in
school science departments.It's ideal
for hobbyists and amateur electronics
enthusiasts, too.

But the MK14 1sn't just a training aid.

It's been designed for practical performance,
SO you can use it as a working component of,
even the heart of, larger electronic systems
and equipment.

MK14 Specification
%k Hexadecimal keyboard
%k 8-digit LED display
* 512 x 8 Prom, containing monitor
program and interface instructions
*k 256 bytes of RAM
%k 4MHz crystal
%k 5V Stabiliser
%k Single 6V power supply
%k Space available for extra RAM and
RAM1/0

Free Manual
Every MK14 Microprocessor kit includes a
free Operation Manual.lt contains operational
instructions and examples for training
applications,and numerous programs
including math routines, timing, general
purpose sequencing, games, etc.

DD

Designed for fast,easy assembly
Each 31-piece kit includes everything you
need to make a full-scale working micro-
processor, from 14 chips, a 4-part keyboard,
display interface components, to PCB,
switch and fixings.

The MK14 can be assembled by anyone
with a fine-tip soldering iron and a few hours’
spare time, using the step-by-step illustrated
instructions provided.

Tomorrow’s technology —today!
“Itis not unreasonable toassume that within
the next five years...there will be hardly
any companies engaged inelectronics that
are not using microprocessors inene area
oranother”

Phil Pittrman, Wireless World, Nov. 1977

The low-cost computing power of the
microprocessor Is already being used to
replace other forms of digital, analogue,
electro-mechanical, even purely mechanical
forms of control systems.

2 Thenew Science of
. Cambridge MK14
«>: Standard

. . Microprocessor

kit

The Science of Cambridge MK14
Standard Microprocessor Kit allows you to
learn more about this exciting and rapidly
advancing area of technology it allows you
to use your own microprocessor in
practical applications of your own design.
And it allows you to do it at a fraction of the
price you'd have to pay elsewhere.

Getting your MK14 Kit is easy. Just fill
In the coupon below, and post it to us today,
with a cheque or PO made payable to
Science of Cambridge. And, of course,
it comes to you with a comprehensive
guarantee.If for any reason, you're not
completely satisfied with your MK14, return it
to us within 14 days for a full cash refund.

Science of Cambridge Ltd ,

6 Kings Parade,

Cambridge,

Cambs.,CB2 1SN.

Telephone: Cambridge (0223) 311488

e e e e e R

0: Science of Cambridge Ltd- 6 Kings Parade, Cambridge, Cambs.,CB2 1SN.

Please send me an MK14 Standard Microprocessor Kit.| enclose cheque/money
order/PO for £43.55 (£39.95 + 8% VAT and 40p p&p).

Name

I Address (pleaseprint)

Allow 21 days for detivery.

Science of Cambridge

|
|
. — |
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THERMOSTATS
Retrigeration. As ilustrated with 36 capillary
£1.62.

Limpet Stat. Must be mounted in close contact
calibrated 90 -190 F 15 amp contacts £1.62.
Appliance Stat. Fix like a voluine control — 15
amp contact 30 -B0 F 8Sp.

Do but for hiah temops £1.285.

Over Stat. With sensor and capillary 85p.

MAINS OPERATED SOLENOIDS

Modei 772 Small but powerful 17 pull — approx size 1% x 1% x 1%
£2.00. Model 400! — 7" pull Suze 2% x 2x 17" £2.50. Model TT10
1% pull Size 3x 2% x 2'' €4.50. Prices include VAT & postage

DELAY SWITCH

Mains operated — deiay can be
accurately set with pointers knob for
penods of up to 2%z hrs. 2 contacts
suitable 10 switch 10 amps — second
contact opens few minutes after 1st
contact 95p.

MOTORISED DISCO SWITCH

With 10 amp changeover swiiches. multi-adjustable Switches are rated
a1 10 amp each so a total of 200w can be controlled and this would provide
2 magnificent display. The motors are 50V, but they are of such a low
wattage, only 2 walts, thal they can be driven by a resistor or condenser
voliage droppes 8 Switch model £5.25. 10 Swiich model £5.75. 12
Swiich model £6.75.

SMITHS CENTRAL HEATING
CONTROLLER

push-button gives 10 varniations as follows (1)
continuous hot water and continuous central heat-
ing (2) conunuous hot water but centrat heating off
at night (3} continuous hot water but centrat
heating on only for 2 penods during the day (4} hot
water and central heating both on but day time onty
5) hot water all day but centrai heating only for 2 periods during the day (6)
hot water and central heating on tor 2 periods during the day time onty
then for summer tirme use with central heating oft (7) hot water continuous
(8) hot water day ume only {9) hot water twice daily (10) everything off

A handsome iooking unit with 24-hour movement and the switches and
other parts necessary to select the desired programme of heating. Supptied
complete with winng diagram QOniginally sold we believe at over £15 — we
offer these. while stocks last at £7.50 each including VAT & Postage

LOW R.P.M. MOTORS
Made by Crouzet — Smiths — SAIWA — Venner
and sirmilar famous companies all supplhed
ready for 230/240v 5012 mains working, all
£2.75 each. Foliowing speeds 1n stock when
preparing this advertisement

1 rev per day 6 revs per day 1 rev per hour

12 revs perhour 'z rev per min 1 rev per min
2 pm 1% rpm 5rpm 15 pm 16 rpm 20 rpm 256
pm
301pm
EXTRACTOR
FAN

Ex-computers made by Woods of Colchester
ideal for iixing through panei — reasonably
quiet running — very powertul 2500 rpm
Choice of two sizes 5 or 6% dia €5 and
£6.

FLUORESCENT
INVERTOR

For camping — car repaining — emergency ighting from a 12v battery you
can’t beat fluorescent ighting. 11 will ofter plenty ot well distnibuted hight and
15 economical. We offer iaverior for 21 and 13 watt miniature tube for only
£3.75 with tube and tube holders as well

MINI-MULTI TESTER

Amazing. deluxe pocket
size Precision moving coil
instrument — jewelled
bearings — 1000 opv
rirrored scale
11 Instant
measures

DC volts 10. 50. 250
1000

AC volts 10 50, 150
1000

ranges

DC amps 0-1 mA and O
100 mA

Continuity and resisiance
0-150K ohms

Complete with insulated
probes leads battery
crcunt diagram and instruc.
fions

Unbelievable value only
£5.50 + 50p post and in
surance

FREE
Amps ranges kit enable you to read DC current from 0-10 amps directly on
the O-10 scate It's free 1f you purchase quickly but f you already own a mumi
tester and would Iike one send £1 50

HUMIDITY SWITCH

American made by Ranco thes type No J11 The
action of this device depends upon the dampness
causing @ membrane to stretch and trigger a
sensitive miCroswitch adjusiabie by a screw guiie
sensitive — breathing on it for iInstance will gwiich
iton Micro 3 amp a1 250V a ¢ Qverall size of the
device appron 3%n Jong 1in wide and 1V
deep 75p.

MICRO SWITCH BARGAINS -
Rated at & amps 250V deal 10 make a switch
panel tor a calculator and for dozens of other
applicatons Parcel of 10 for £1 VAT and post e
paid

ROTARY PUMP
Sel! pnming portable fus dnli or electr
motor  pumps up 10 200 gallons per hout
depending upan revs Virtually uncorsrod:
able use 10 suck water ol petrol fertiiser
chemucals anything liousd Hose connectors
each end £2 post pad

—THIS MONTH’'S SNIP

MULLARD UNILEX

A mains operated 4 + 4 stereo system
Rated one of the finest performers in
the stereo field this would make a
wondertul gift tor almost anyone in
easy-to-assemble modular form and
comptete with a pair of Plessey
speakers this should sell at about £30

bul due 1o a special butk buy and as
an incentive for you to buy this month
we offer the system compiete at only
€15 ncluding VAT and postage

UNISELECTORS

These are pulse operated switches
as used 1n automauc telephone
switchboards elc The pulse moves
the swrich arm through one posi-
non Except where indicated the
selectors are 25 position typds and
50v Coil 1s standard: 24v or 12v
operation extra at £2 per switch

3 pole

4 pole £5.94
5 pole £€7.02
8 pole £€9.72
10 pole £10.80
12 pole £12.96
3 pole 50 way £10.58
4 pote 50 way £€12.74

24 HOUR TIMERS

The one ilustrated s the E’ contsal this uses the
Srmiths mechanism as In thew autoset. 2 on/off's
per 24 hours, 13 amp contacts. override switch
£6.50.

Smiths 100 amp model one an/oft per 24 hours
£10.50, extra contacts £1.00 per set

AEG 60 amp model with clockwork standby. one
on/off per 24 hours £9.50, extra contacts £1.00
per sel

INDUCTION MOTORS
One illustrated 1s our seference MM 11
made for ITT %' stack %" spindle
£2.25. ' stack model £1.76. 1°°
stack £2.75. 1" stack £3.25.

MAINS
TRANSFORMERS

20v ¥ amp £1.50

18v ‘% amp £1.75

6 3v2amp £1.75

25v 1% amp £2.25

24v 2 amp €2.50

50v 2 amp £4.5

9v 1 amp £1.50

8 5v-0-8 5v % amp £1.50
100w auto 230-115v £2
8.5kv £9.50

MANY OTHERS

WAFER SWITCHES

REQUEST LIST

6 pole 2 way 12 pole 2 way 18 pote 2way
5 pole 3 way 10 pole 3 way 15 pole 3 way
4 poie 4 way 8 pole 4 way 12 pole 4 way
3 pole 5 way 6pole  5way 9pale  5way
3 pole 6 way 4 pole 6 way 6 pote B way
2 pole 8 way 4 pole 8 way 6 poie 8 way
1 pole 10 way 4 pole 9 way 8 pole 9 way
1 pole 12 way 2pole 10 way 3pole 10 way
all €1.32 each ali €2.41 each all £3.12 each

Muiu bank switches up to 72 pole 2 way — 1o 12 pole 12 way. guickly
made 10 special order

IT'S FREE!

Our monthly Advance Advertising Bargains List gives details of
bargains arriving or just arrived — often bargains which sell out
before our advertisement can appear. — It's an interesting list and it's
free — just send S.A_E. Below are a few of the Bargains still available
from previous lists.

FM Tuner and decoder, 2 very well made (Japan units. mice clear dial,
excellent reproduction €11.20 the paic

12 Voh Heavy Duty Relay, plug in type has three pairs of 10 amp
changeover contacts. Transparent dust cover. price £1.08, suilabie 11 oin
base 45p.

4 Changeover Relay, upnght mounting, 4 sets of 10 amps changeover
contacts mains voltage coill €1.72.

12 Volt Pump. Designed we believe as a bilge pump thisis 12 volt AC/DC
motor coupled by a long enclosed shaft 1o a submersible pump Sunable for
water or most any fluids. Price £12.50.

Just arrived. Fruit machines, working order very impressive chowce of
several but very heavy so you must collect, £50.

High Load 24 Hour Clock Switch, made by the lamous AEG Company for
normal mains but with clockwork reserve has load capacity of 80 amps at
240V 50HZ Therefore suttable for dealing with large loads of say shop
ightng, water heating. storage heaters etc etc Has triggers for on and off
once per 24 hours but extra tnggers witl be available. Price £1.50 per pau
Sue of clock approximately 8 x5 x §  totally encased but has 't up flap
tor ease of altening switching tmes Price €7.50.

Enctosed 24 Hour Clock, wiih contacts for breaking 10-12 amps at 240
voits This one has two sets of on/off per 24 hours. price £7.00.

Light Dimmer, our tmer module with small mods makes an excelient light
dimmer Contans a 4 amp 400V SCR so 1t should be suitable for loads
approaching TKW Price of module and instructions £2.25.

Push Pull Sok ids, mains which will push as well as
or instead of pull Very heavy duty, esumate this at 20ibs push or pull. 1%

x 3% x4 made Magnetc Devices Co €7.50.

Flashing Lights, chasing lights, random flashes, shobe effects etc efc. can
easily be achieved using our disco switches These switches are
ex-equipment but guaranteed perfect and supphied suitable for mains
working To get some (dea of the loading number. each switch 1s 10 amp.
For the tight pipe or Catherine Wheel effect order the 12 switch model with
light pipe data model. interconnecting the switches to give fastest speed 6
Switch model £5. 9 Switch Model £8.75. 12 Switch model £6.20.

Reed Switches, standard 60 watt glass type Normal open contacts glass
lengths 2 drameter 3716 10 for £1. 100 for €8, 64p 1000 for £70.
Flat Reed Switches, for stacking. greater quantity in confined space Price
50p.

Single Ended Types for jobs where 1115 not easy 10 bring a lead to each end.
75p each Ail these swiiches are normally open but can be biased to a
normally closed position by fitung a magnet adjacent The reed switch
wouid then be opened by a magnet of opposite polanty being bought up to

"

Ceramic Magnets suitable for operating reed switches, central fixing hole
10 for £3.

Music Centre Transformer 12-0-12 a1 ) amp and 9 volt at %7 amp.
Normal pnimary, uprighting, impregnated and varnished for quiet
operation Price £3.50.

‘W' Shaped Fluorescent Tubes for porch light. box signs or where you
want ight evenly spaced over a confined area of approx. 10" x 10" 30
watts made by Philips price £2.24.

Extension Speakers 8 ohm 4-5 watts handling power We have 5 or 6
different models in stock, cheapest being the Partytime at £3.95 each
again only really a bargain for caklers as postage is £1.50p per speaker
T.V. Monitors, an item for caliers. believed to be in good working order
switchabie thro” 405-525 & 625, 21" tube line systems, normal controls,
volume brightness. contrast. widih etc. Price £16.20, 12’ model £18,
suitable for conversion into special purpose scape. eic

Auto Transformers for working American lools and equipment
completely enclosed 10 sheet metal case with Amencan type fial output
socket made for computer so obviously first class 500 watts With cang
handie. offered at about haif price only £15. These may be a bit soiled but
are fully guaranteed Similar but 1000 watt £29.50.

Car Starter Charger Kit. New version We supply two 10 amp rectifiers
250V transformer and the start charge svaich with instructions. price
£9.75. This is probably one ol the most usefut pieces of equipment you can
have in your garage Sooner of later you of someone will leave something on
and you witi have a flat battery. this starter w:ll get you away usually in less
than 5 minutes

R Counter by Company. 230/ 240V mains operated
Intended for surface mounting has a fixing flange at the bottom. Price
£2.16.

12V Drip proof Relay. Specially designed for going under the bonnet of a
car. made by one of our bhg manufaciuress. this really has a removable sermi
hard rubber cover Contacts'iook suitable for up 1o 10 amps so this could be
the night one if you are thinking about making an anti-thiet device. Price €1
+ Bp

High Speed Uniselector. As many customers know. we have a very
comprehensive stock of ur s as used in

exchanges. light flashing device etc etc Just arnved, however, 1s a high
speed model made by lamous Piessey. this s 2 pole 32 way with mahe
before break wipers, overall size approx 4°° X 3'" X 2V2" pnce £3.50 +
28p Post 40p + 4p

Pneumanic Ram for itung thrusting. pulling etc. etc. has 2% ravel. 00ks
large enough to open doors. lift. staircase. ventilators etc Price £7.00. Pos!
80)

[*]

Solder Gun Bargain. The ETP this 15 100 watt solder gun. a very well
made 100l with 1amp to illuminate work. has double insuiated mawns
uansformer and 15 built into the shockproof thermoplastic case Comes
compiete with spare ups Mains operated of course Price £4.50.

Interested in Tape Control. Amercan made tape punches. really beautitul
units full of sophisncated paris. designed we beiieve 10 automatically
operaie typewnters and they can of cousse be used to operate other punch

Japanese made FM tuner and
matching decoder. Two items for
tess than average price of the
tuner only — £11.20 the two.
Don’t miss this — stocks will not
last long.

RELAYS

12 volt two 10 amp changeover plug in 85p. 12v three
10 amp changeover plugin £1.28. 12v two changeover
mmature wire ended 95p. 12 volt open single screw
hxing two 10 amp changeovers 85p 12 volt open three
10 amp changeovers £1.25. Latching relay mains
operated 2 c/o contacts £2.11. Mains operated three
10 amp chanyeovers open type one screw lxing £1.25
Many other 1ypes with ditferent cod voltages and contact
arrangements are in stock. enquinies invited

TANGENTIAL HEATER UNIT
A most efficient and guiet running biower
heater by Solatron

induction motor — lang turbo tan
heating element and thermostatic satety trip

mount direct onto base of say. kitchen unit

price £4.95 post £1 50 conirol swilch ta give

2kw, Tkw cold btow or off available 60p extra

same type as is fitted o
many famous name heaters — Comprises mains
sphit 2 kw

simpty connect 10 the mains for immed:ate heat
— mount in a simple wooden or metal case of

TERMS:

Prices include Post & VAT but orders under £6 00 please add 50p 10 offset

packing etc Bulk enquites please phone for generous discount 01 688
833

J. BULL (ELECTRICAL) LTD.

Dept. WW)
103 TAMWORTH ROAD
CROYDON CR9 1SG

tape ci machines Heference number i1s NCR Class 461-2 relerence
205 HB R56 We believe these are 8 bit paper 1ape punches, pawered trom
115V 50HZ in very good condition with tape €16.00. carnage is £3 20
Memories. The memory units which work with these tape punches, again
by N C R aren very good condition and we believe in working order. Price
and delails on request
Tangential Blowers. 12 long with powerlul induction mowr deal for
blowing heaters or general air extract.on or Circulation. offered at low price
of £2.70. The motors are 110V s0 you wili have 1o work them in pairs or
through a dropper of mains tansformer Post £1 08 for one or two
Digital Pansl made for the G P O for incorporation. we undersiand. in
push button dialling unas this has the usual 10 digits. each of which when
P! d a two pole ¢ switch Realty beautfully made
sie approximately 4'* square Price £3.78.
250 watt Mains Transformers — 40v secondary made up of four 10v
secuons. ali the ends of which are brought out 1o the tag panel so they can
be separatedai required — also the 10v coils are all a very heavy gauge wire
thick enough to take 25 amps. so any one of these coils can be loaded up to
the full 250 watts of this wattage can be spread over two or more colls We
can recommend this transformer for heavy duty battery charging — higiy
power amplifier - piastic sealing — soil heating — ight welding and dozens
f other jobs Price only £6.50.
Save Yourself A Fortune. Build your own rechargeable batteries. using
our ex-Home Otfice nickel cadmium cells — these cells are German made
ref NCB 22M which we ungdersiang are 4 amp hour rating Normaily
these celis retai at abour £t 00 each. bul 2 spécial purchase enables us 10
otfer them at onty 30p each. or four for €1.08.
Free Gift: All those who purchase 12 cells will receive. free of charge a
mains operator ni-cad eharger unit DON'T muss this offer
Seif Repairing Fuses - not exactly. but our magnetc circuit breakers do
the same |0b and are a boon for the test bench. saving valuable time. In the
event of 3 shon. they tnp almast instantly. before the fuse can blow They
are rated at 1 5 amps (enough for the average repair bench} Simply wire 1t
n parailel with your bench switch — you would then use the circuit breakers
to switch bench supply on, but keep your normal switch for loads over t §
amps - areal bargain at £1.08.

MINIATURE RELAY

12v de operated wilh two sets of changeover contacls
The smique leaure of tis relay 1S s heavy lead ol
wires. These provide adeguale support ang theretora
‘e relay neess aa txing. On Lhe olher hand inera is a
itxing boit 1hrough one side so il you wish you can tix
the relay and use 113 very strong lead ouls te secure
circull componenls — an expensive relay, we are
oftering them al only 87p each.

Don’l miss Ihis exceptiondl dargain.
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HILOMAST
SYSTEMS

PNEUMATIC
TELESCOPIC
MASTS

Pneumatic and winch operated telescopic masts and
towers. Vehicle, field and wall mountings available. Many
standard models ex-stock.

HILOMAST LIMITED
THE STREET - HEYBRIDGE - MALDON
ESSEX CM9 7NB - ENGLAND
Tel. MALDON (0621} 56480
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— NEW BOOK

Newnes Radio
and Electronics
Engineer’s
Pocket Book

15th Ed.
Edited by Halvor Moorshead

This is a true pocket book containing
masses of facts, figures and formulae,
indispensable to all interested in radio
and electronics. This is a major revision
and updating of the previous edition,
including new material relating to
recent developments in radio and elec-
tronics. New tables include TTL,
CMOS and logic

Early 1978 192 pages £2.55 approx

A selection of other
useful titles

ELECTRONICS ENGINEER’'S
REFERENCE BOOK — 4th Edition
Edited by L. W. TURNER
Continuing rapid development has made it neces-
sary for the fourth edition to be almost completely
rewritten. A new format has also-been adopted to
greatly improve ease of reference. The whole field

of electronics is dealt with: physical aspects;
materials: basic theory and descriptions of devices
and circuits; and finally, a wide range of elec-
tronic applications is described in detail.
1976 1,500 pages £27.00

FOUNDATIONS OF WIRELESS AND
ELECTRONICS — 9th Edition

M. G. Scroggie

Since Foundations of Wireless was first published
in 1936 it has helped many thousands making
acquaintance for the first time with the principles
of radio and electronics. The present edition covers
the whole basic theory. No previous knowledge is
assumed and mathematics are used only where
essential. Much space is devoted to printed and
integrated circuits, ceramic filters, single-sideband
radio and the increasing range of photoelectric
devices.

1975 552 pages £3.75

RADIO, TV AND AUDIO TECHNICAL
REFERENCE BOOK

S.W. Amos

A comprehensive and authoritative reference
book containing facts and data spanning the
whole spectrum of Radio, TV and Audio. The
book is aimed mainly at the technician who has to
operate and maintain electronic equipment. It is
suitable for the technical operator, technical
assistant, the service man, the amateur radio and
audio enthusiast.

1977 1172 pages £24.00
Order now from your local Booksaller or from
NEWNES-BUTTERWORTHS
Borough Green,
Sevenoaks, Kent TN15 8PH
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Wingrove & Rogers have now
expanded their operations to
include four distinct divisions
within the Company. Write or
phane for further detailed
information and samples.

Liverpool L13
Tel: 051-220

Wingrove & Rogers Ltd.
Domville Road

Telex: Chacom Liverpool
627110 for Winrog

4AT
4641

y
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Minimum
Order £1.0

A1085  1.25 EL82 0.60 pvag 0.65
AR8 0.60 ELBG 0.80 PY500A 135
ARP3 0.60 ELI0 0.50 PY80) 0.55
ATP4 0.50 EL91 1.60 QQv0310 2.00
B12H 3.00 EL95 0.70  QQVO6-40A

DAF96 0.6 EL504 0.80 14.00
OET22  12.85 EL821 300 0Qv0312 2.00
DF96 0.60 EM31 075 R19 0.80
DK96 0.80 EMEO0 055 5104/1K 2.50
DL92 0.50 EMB1 060 SC1/400 4.00
DL96 0.70 EMga 0.40  SC1/600 4.00
DYB6/87 0.45 EMs 1.00  sP61 0.8s
DYB02  0.45 EV51 045 112y 6.50
ESSL 7.50 eval 045 25 1.00
EBBCC 011.30 EYB6/87 050 26 0.85
E180CC  1.30 EY8ss 050 y27 1.00
E182CC  3.50 €240 060 U191 0.75
E810F 6.00 EZ41 0.75  Us0! 0.80
EA50 0.45 EZ80 030 UABCBO 0.50
EA76 2.00 G732 0.85 UAF42 Q.75
EABCBO 040 G233 4.00 yBCay 0.60
EAF42  0.70 GZ37 250 UBFBO  0.50
EBY) 0.30 X766 4.00 UBF8Y  0.50
EBC33  1.00 K188 5.00 UBL1 1.00
EBC4Y 0.75  MH4 1.00  UBL21 075
EBFB0 045  ML6 1.00 UCC85  0.50
EBF83 045 042 0.55  UCF80  0.80
EBFB9  0.40 0B2 0.60 UCHi2 080
EC52 040 PABCBO 040 UCHBT  0.50
ECC81 045 PC86 065 UCI82  0.45
ECCB2  0.40 PC88 065 UCLB3  0.70
ECCB3 040 PC92 0.65 UFa41 0.75
ECC84 035 PCC84 045 g0 0.40
ECCBS 045 PCC85 050 UF85 0.50
ECCB6  1.25 PCC89 055 UFB9 0.50
ECCB8 055 pPCC189  0.65 L4 0.75
ECC189 0.80 PCF82 0.40 /L8B4 0.50
ECFBO 045 PCF84 0.65 UME0  0.60
ECF82 045 PCF86  0.65 UY21 1.50
ECFBO1  0.75 PCF201 0.90 yval 0.55
ECH42 0.8 PCF801 0.55 UYB5 0.50
ECF81 045 PCFBU2  0.65 VR105 30

ECH84  0.50 PpPCFBO6 0.85 1.25
ECL8O 0.860  pPCFB08 1.00 VR150 30

ECL82 0.40 PCH200 0.80 0.50
ECL83 1.20  pCi81 060 X61M 1.50
ECL86 0.55 pCi82 045 x66 0.75
EF36 0.75 pCLB3 0.70  7800U  3.00
EF39 290  pCL8A 070 780U 350
EF40 0.70  PCL86 0.65 79007 1.50
EF4) 0.76  PCLBOS . 8S 1A3 0.60
EF80 0.35 060 L3 0.30
EF83 1.50 PDSOO 225 1R5 0.55
EFB5 045  PFL200 0.85 154 0.40
£F86 045 P36 060 155 0.40
EF89 0.35 P8 075 174 0.40
EF91 0.85 PL82 0.50 1x28B 0.80
EF92 0.75 pL83 0.50  2x2 0.80
EF95 045 pi8a 0.50 2021 0.55
EF183 0.55  PL504 0.95 K25 9.00
EF184 040 PL508 095 3A4 0.60
EFB04  2.00 PL50Y 2.00  3E29 5.50
EFL200  ©0.75 PiBO2 2.50 3D 0.40
EH90 080 PY33 0.60 354 0.50
EL32 0.60 PY80 0.60 v 0.85
EL34 220  PYB1/800 58/254M §.50
EL37 3.00 0.55 58/255M 550
EL41 0.80 pv82 045 53258\ 5.50
EL81 0.60 Pv83 0.50  5R4AGY 110

ST

PLUMBICON TUBES 3507 98
0 TYPE XQ.1020R dezacy g.;g

Mullard—£150 each 50CD6G  1.20
5U4G 0.60 65J 0.60 5Fp7 10.00
5V4G 0.865 6S37GT  0.50 88y 9.00
5Y3GT 0.65 65K 7 0.60 25L6GT  0.80
523 1.00 6SL7GT 0.5 75 1.00
524G 0.70 6SN7GT  0.55 75C1 0.80
524GT 0.75 6sQ7 0.65 76 0.80
B6AB7 0.60 BVEGT 060 78 0.75
6AC7 0.60 AX4 0.60 80 0.75
B6AHE 0.75 bXxbG 0.45 g5A2 2.20
64K5 045  6X5GT  0.55 723A/B  9.00
6AKS 0.40 6Y6G 0.95 803 6.00
BALS 0.30 624 0.65 805 18.00
BALSW 0.65 5 30L2 0.90 3807 1.00
6AMSE 1.60 87 0.80 313 6.50
6AM6 065  7va 0.80 5298 5.50
6ANB 0.85 D2 060 832a 4.50
6AQ5 0.50 a6 0.75 B66A 2.80
6A05W 086 11E3  11.00 9314 6.00
6AS6 080 1246 060 954 0.50
GATE 0.65 12AL5 0.70 956 0.50
6AUG 0.40 12AT6 045 g57 0.90
6AVE 0.80 12AT7 0.45 1625 1.00
6AXAGT  0.80 12AU7 0.4C 1629 0.70
6AX5GT  1.00 12AaV6 0.70 2059 1.00
687 075 12AX7 040 5763 2.00
6BA6 040 12BA6  0.50 5933 3.00
6BE6 0.45 128E6 0.60 6057 0.85
6BG6G 1.00 12BH7 0.60 6060 0.85
6BJ6 0.75 12Cc8 0.55 65064 0.85
6BQ7A 0.60 12E1 425 6065 1.20
6BR7 230 12J5GT 040 pe67 1.00
68W6 2.80 12K7GT  0.60  §080 3.50
6BW7 1.00 12K8GT  0.70 6146 3.80
6C4 0.40 12Q7GT  0.50 1468 4.20
6C6 055 125C7 055 (250 2.00
6C86 0.50 125G7 0.55 3020 5.50
6CH6 3.00 12847 0.55 9001 0.40
6CLE 0.75 12v4 040 5002 0.55
606 0.50 1487 1.00 9003 0.70
GEAB 0.80 19AQ5 0.75 9004 0.40

|

Add 12'2% for V.A.T.
6F8G 0.75 19G3 10.00 9006 0.40
6F12 065 19G6 6.00 C.R. TUBES
6F17 1.00 19HS 17.00 DG7-5 15.00
6F33 4.20 20P3 0.60 DG13.2 22.00
6HE 045  20P4 110 MW13.35
B8JAWA 175 30C15 1.00 35.00
6J5GT 0.55 30C17 1.10 VCR1394 10.00
6J6 0.35 30C18 1.10 3BP1 8.00
6J7 0.70 30F5 1.00 SPECIAL
6J7G 0.50 30FL2 1.50 VALVES
BK7 0.55 30F 12 1.20 BR139 250 00
6K7G 035 30FL14  1.00 m503 24
BKBGT 0.55 30L15 1.00 65.00
BLEM 1.90 30117 1.00 7.00
BL6GT 0.60  30P12 100 KRNZ2A 6 00
617 0.65 30PLY 1.00 7254  25.00
65A7 0.55 30PL13 1.10 I 52A 75.00
65G7 0.60 30PL14 110 2 45.00

£3-£540p. £5-£10 60p. over £10 free
VIDECON TUBE TYPE P863B
English Electric—£20

MARCONI SIGNAL
GENERATORS

TF 1066 B rom 10 10 470MHz FM up to 400kHz AM
up 10 509

TF 2005 R 20Hz 10 20kHz

TF 2400/ 1 Frequency Converter up to § 10MHz

TF 8984 A Audio Tester 50cs to 27kHz 2Winta 15 3()
791 D Deviation Meter Freq from 4MHz 1o 1024 MHz
Dewviations up to ~126kHz

AIRMEC

MODULATION METER 210A. 2 5 300MHz AM O
100%FMD + 100kHz in 4 ranges

HF WAVE ANALYSER 853 from 30kH2 10 30MHz
VHF WAVE ANALYSER 248 Freq from 5MHz to
300MH»

TF 801 D/1/S SIGNAL GENERATOR. Range 10-
485MHz in 5 ranges R.F output 01 V-1V Source
CM 50() output impedance Internal modulanon at
1KHz at up to 90

TF 801 B/2 Spec as for 801D but minar circuit dif-
ferences Few only left

TF 995 A/t or A/2 or A/2M or AS SIGNAL
GENERATORS. Very hgh class AM/FM 1 5MHz (¢
220MHZ Detaited spec and price on application

TF 995/3S with agditonal amphlier 10 give extra high
oulput between 1 5 and 6 Mc /s

TF995 B2 SIGNAL GENERATOR as 995A but later
mode!

TF 144 H SIGNAL GENERATOR

HIGH FREQUENCY SPECTRUM ANALYSER.
MARCONI TYPE 1094A/S Basic Freq range 3 to 30
Mc /s and with LF unit from 100Hz 1o 3 MHz Measures
relauve ampinudes up 1o 60dB

TF1041 B VALVE MULTIMETER. DC voltage from
300mV to 1 000V AC voltage from 300mV to 300V at
up 10 1 OOOMHz

TF1370 R.C. OSCILLATOR FOR SQUARE & SINE
WAVE. Freq 316V rms TF1066 FM/AM
SIGNAL GENERATOR.

LEVEL OSCILLATOR TYPE REL 3W29. Frequency
from 0 3 to 1200Kc/s. Mod ext output fram + 16dB
to —60dB Impedance output 75, 140 600 ohms

36 AERIAL MASTS consisting of 6 sections 6' 8’
2%" dia Compiete with all accessories to erect and
nstal

AVO CT 160 VALVE TESTER

LOW RESISTANCE HEADPHONES TYPE CLB
£1.50. 40p postage VAT 12V %

ARB8 D & LF SPARES. We hold the largest stock in
UK Wrie for list

RF METERS. O to 8 amps 2%’ dia USA brand new
£1.50. P&P 25p

TELEPHONE TYPE "' tropicalised

10 LINE MAGNETO SWITCHBOAROS

CABLE LAYING APPARATUS No. 11. New produc
nonP O A

FOR EXPORT ONLY
TRANSMITTER RECEIVER. Transmitter Type
M9 recever Type M17 wath fixed frequency
Range 240MH:

RCA ET4336, 2 Mc/2-20 Mc's 350W. also
modi-ed version of increased output to 700W
Collins 231D 4 5kW. 3IMHz 24MHZz chan-
el Auto Or manual lining

53 Transmitter

Mullard C11, High power ins1allation, 1000W
Technical detarls and prices availabie on request

. VALVES AND
lot of these valves are

imported and prices vary tor TRANSISTDRS
each dehvery sowe reserve Telephone enquines for

valves  wansistors  etc
retail 749 3934, rade and
expart 7430899

the right to change prices
for new stock when un
avoidable

RHODE & SCHWARZ

Z-g DIAGRAPH TYPE 2DU 30-420MH: 50}
Directly measures muititerminal networks, phase
shift. phase angle with complementary POWER
SIGNAL GENERATOR TYPE SMLM high freq
resolution. internal external mod up 10 3v out
FREQUENCY SYNTHESIZER TYPE XUA.
30Hz2-30MHz with  FREQUENCY INDICATOR
TYPE FKM 15.30MHz 30 100MHz

UHF SIGNAL GENERATOR TYPE SMLM
fram 30 to 303MH~

UHF SIGNAL GENERATOR TYPE SLSD from
300 10 300 9340MHz

FREQUENCY INDICATOR TYPE FKM from 30
10 1 000MHz

TEKTRONIX

545A. Bandwidth DC 10 30MHz

5§70 CHARACTERISTIC CURVE TRACE

517A OSCILLOSCOPES wide band high voltage
cathode ray oscilloscope designed for observing and
photographically recording wave torm having extremely
short rise tmes

DANA EXACT FUNCTION GENERATOR MODEL
121. Frequency range O 2Hz 10 2MHz (7 ranges) vol
1age controlied to 10V sweep generator 1ms to 10 sec
TEXSCAN ELECTRONIC SYSTEM ANALYZER
MODEL 9980. Frequency range 1OMHz 1o 300MHz
with market contrals

FURZEHILL SENSITIVE VALVE VOLTMETER
TYPE V200A tull scale from 10mV to 1000V in 6 steps
with output amphfier

TRAINING SET for Radio Operators with 10 key ter
mnais and control frequency and volume
EDDYSTONE COMMUNICATIONS RECEIVER
MODEL 730/1A. frequency from 500kc/s to
2BMc s

HIGH VACUUM VARIABLE CAPACITORS cer
amic envelope — UC 100A 20 150 = VMMHC 1000
60 1000pF 20kv 150A RF max = 27MHz

TEST SET FT2 for testing Transceivers A0 Ad1 A32
and CPRC6

UNIVERSAL WIRELESS TRAINING SET No 1 Mk
2 YA 8316 1o train 32 operators simultaneously on key
and phone Complete installation consists of 3 kits
packed 'n 3 special transit cases

HARNESS “A"” & "8” CONTROL INITS "A™ "R’
1T TI2) Microc ' onnectors
framus carner sets et

VAT FOR TEST EQUIPMENT

COLOMOR

[ELECTRONICS LTD.)
170 Goldhawk Rd.. London. W.12
Tei. 01-743 0899
Open Monday to Friday

9-12.30. 1.30-5.30 p.m.

www americanradiohistorv com
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MARCONI INSTR
TF2333

M.F. TRANSMISSION

MEASURING SET

w

HED A

RBIS
REFU ED TO

RECALIBRAT

LIST PRICE
= £900 +

WIDE RANGE
MULTIMETER

AC Volts 15110 1500V 18 d @
- 31 6KOhmS vV A
*« DC Currem\O,,
« AC Current 1
x Murror scale
pension

pphie omplete W {est leads
* @ v S
Su d n d

and leather carrying case

w15Atsd

and Sus

& ut-b
rugged 1 and fuse

scale diode

NOR

UMENTS

Freq range 30Hz2.550 KHz (5
ranges)
Attenuatar Range
A
0dBin 10 dB and 1 4B steps
Level Measurement +25 10
70 dBm
Measures response of active
and passive "anSH)ISSIOH
networks

ND
SPEC.

IO

—

METER

Q RANGE 20Hz 10 35i\</:/-|z
5 power ranges 1mw to ;,(())Koh
impedance 25 ohmztcc))( e
teps Balance :
n‘:sﬁss D‘?rect cahibration in watt

FRE
ms

nced
sandd

REF

REC'ﬁE[:/LBLIST PRICE £260.0

BRAND NEw FUNCTION
GENERATORS

SPBCi.aI Low Prices
for Limited Period

,£155.00

MAL PRICE £39.50

£29.50

h o F while Stocks last
C_«i

G.430

(HHustrated)

* Frequency 1 Hz1o 1
MHz * Output Sine
wave, 0-10v r ms
from 600 Square.
wave 0.20V pp from
600 % 0-60 gB step
attenuator

G.432

x 3 months warranty

DYNAMCO
PORTABLE DU

Supplied with
plu
1X2and 12 g nunits

[

New condition
DC 10 30MH;
Rise Time- 12ng
;C(J)m\é div also X10 gain
rovides Imvy. ¢
VN v (10Hz
Comprehensiv,

e sw.
lay imebase fep de
Fuli spec on request

TODAY'S vALyE
£500 PLYUS

2oy

Ta
&

MODEL 7100
EL|
osciLLoscopg/H

AL CHANN

RACAL RA117
H.F. COMMUNI
RECEIVER

FREQ.: 1 30MHz |
TUNING: Effective sc2
CALIBRATION: 100K
parts n 10 pfovﬂesc 5

wITyY: recel
sener, mod. b w
00d8 down Selectivit
1ch Full Spec on r

e length of 14

AZ reception 30
intermodulation 1
means of a selector sw!
recalibrated

y 6
equ

TODAY'S VALUE AT

SUPERB CONDITIO

CATIONS

3KHz 3,V tor

LEAST £600.00

ng o 100KHz
ator accuracy 9

diths are obtained by

f dwi
Bl y refurnished and

est Completel

£115.00

£79.50 6 MONT

R —

EWLETT PACKARD 332A
DISTORTION ANALYSER

ge 5Hz-600 KHz

1 WARRANTY

cy Ran
E)u'rtgra(:?(;inl‘eavleﬁ;eoq'u'e'} 7 100% are measured f Il scale n 7 ranges
5
A M Detector facility D

HED
FURBIS
R CALIBRATED

ourerice £499.00

FLUKE MULTIFUNCTION |

COUNTER
1900A

FREQ 5Hz 80MH;

;g'\EALIZE 110999999 S5
. SITIVITY 25my typically 15mV-5Hz to 80MHz PRICE
oranging 6 digit LED display 10 1 attenuator £199.00

BRAND NEWw

BULK PURCHASE

v £350.00

-

£175.00

| o

49-53 Pancras Road, London NW1 2QB VAT |
Tel. 01-837 7781. Telex: 298694 oAl .

Hours of Business: 9 a.m.-5 p.m.

Mon.-Fri.: closed

WW — 096 FOR FURTHER DETAILS

ELECTRONIC BROKERS LIMITED

ADD 8%

Carriage and Packing charge extra on all §

lunch 1-2 p.m. items unless otherwise stated.

www americanradiohistorv com
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+4  TheTest

I

e e —
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SIGNAL SOURCES

ADVANCE .

V H F Square wave Generator SG21 10
KHz-100MHz Max o/p 2V £50.00
H1E Audio Signal Generator Sine &

Square Wave 15Hz-50KHz 200V to 20V
{Sine)
(Square} Brand new condition

Distostion 1% 1 4mV to 140V
£75.00

Type PG59 Pulse Generator 2 Channel
double pulse Functions Frequency,
Width Rise & Fall Time. Amphtude
Offset, Delay. Prepulse & Gate Repetition
Freq 1Hz to 1T0MHz (20 MHz in double
pulse mode) Delay & Width 25
nsecs/ 1sec Full specification on request
£595.00
Type SG67A Wide Range Oscillator Freq
Range 1Hz-1MHz Sine or Square Output
Amplitude up to 2 5V Battery operated
£95.00
R F Signal Generator B4B7 30KHz-
30MHz Output Z — 75 Int Mod
400Hz 0-80% Prowision for Ext Mod
Audio o/ p 0-10V at 400 Hz into 6000
£165
SG68A Low Distortion Oscifiator 1-5Hz-
150KHz c¢/w BE2 battery pack New

condition £200.00
HEWLETY PACKARD
10515A Frequency Doubler £75.00

FM /A M Signal Generator 202H F M
AM CW & puise coverage 54 to
216MHz RF o/p O 1uv-0 2V 500hms
Impedance £495.00
612A-UHF Signal Generator 450-
1230MHz O 1pVv-0 5V (500hms) A M
Internal & external Pulse mod facihties
SUPERB CONDITION £1250.00
606A A M Signal Generator 50KHz
65MH:z £550.00
MARCONI INSTRUMENTS
TF1060 U H F Signal Generator 450-
1250MHz Sine wave and pulse a m
£400.00
Signal Generator TF867. 1 5kHz-30MHz
o/p0 4pV-4V Int & Ext mod Supplied
with Terminating unit £185.00
Sold State Generator 60588 Freq range
8-12 5GHz Int & Ext mod freq Stab
0 003% 500 mpedance £530.00
A M Signal Generator TFB01D /1S
Mihtary verston 10-485MHz
£450.00-£800.00
R C Oscillator TF1370A 10Hz-10MHz
Square Wave up to 100KHz High Outputs
upto 31 6V £225.00
Phase/A M Signal Generator TF 2003
04 12MHz £150.00
A M Signal Generator TFBO1D/1 Freq
range 10-470MHz R F output 0-1, 1V
Piston attenuator 50ohms Impedance
Signal Generator TF144H/4 Later
models 1n super condition
£500.00 to £650.00
TF995B/5 F M /A M Signal Generator
200KHz-220MHz £675.00
TF1101 R C Oscitlator 20Hz-200KHz
600ohm 1mpedance Output vanable
1mv-20V £105.00
TF2000 A F Signat Source 20Hz-20KHz
111d8 Attenuator in O 1 dB steps Low
distortion £325.00
TF2005R Two Tone Signal Source 2
identical oscillators 20Hz-20KHz
<0 1% distortion for intermodulation
measurements on high quality A F

equipment £415.00

PHILIPS

50MHz Pulse Generator PM5712
£495.00

uise Generator PM5775 £800.00
£900.00

Pulse Generator PM5776

LF Generator PM5105 10Hz-100KH:?
Sine & Square Wave 2ViIR M S ) Stabul-
ised o/p Low Distortion <0 8% (10Hz-

100KHz) £156.00

RADIOMETER

SMG1C Stereo Signal Generator
£350.00

DIGITAL VOLTMETERS
AND MULTIMETERS

AVO

Test leads £4.00
Multiminor Mk 4 ¢/w carrying case and
leads £14.00
Model 7x £40.00
Heavy Duty Mk 5 (with case) £40.00
AVO Model 8X £53.00
AVO Model 9 or Test SetNo t  £55.00

DATA PRECISION

D.MM 4Y: digit battery operation
AC/DC current and voltage +ohms

£150.00
DYNAMCO

Digitat Voltmeter DM 2023 c/w DC

ranging unit C1 Scale 99999 0 001%

F S D DC Accuracy 10uV-1Kv DC
£450.00

FLUKE

DC Digetal Voltmeter 8200A 4': dignt
60% overanging. autoranging. push but-
ton range and function selection full
guarding and a selectable nput fiter
Many options can be obtained for expan-
ding the 8200A capabiiities £595.00

HEWLETY PACKARD

DVM type 3430A 3 digit 5 ranges 100mVv
to 100V FS input resistances 10Mohms
Overload protection £145.00
Digital multimeter 3470 2A with Display
34740A 4 digit display 4 ranges both
AC & DC plus 6 ranges of ohms AC tunc
tion covers 45Hz to 100KHz Ohms
ranges are 100ohms to 10Mohms FS LED
display New condition £400.00
PHILIPS

Electronic Analogue Muiltimeter PM2503
DC & AC Volts, 100mV-1KV f s d Resist
ance 100 ohms-10M Ohms DC & AC
Current 1pA-TAfs d £90.00

S.E. LABS

DCDVM Type SM214 10pV—1KV 5"
digitc/w leather carrying case  £400.00
DC DVM Type SM212 10pV—1KV

9999F S BCDO/P £425.00
SIGN/ROGERS
AF Voltmeter AM324 £50.00

SOLARTRON
A C Converter LM1219 30mv-—300V
mean reading Freq range 10Hz— 10KH

P.O.A.
ocC Digital  Voltmeter  LM1420 2
2 5uV—1Kv in 6 ranges =0 05% DC
accuracy £235.00
DVM Type LM1420 2Ba DC true

RM S and mean A C sensing Accurate
measurement irrespective of harmonic
distortion  accuracy *0 25% Freg
20Hz —20KHz £350.00
DVM Type LM 1440 2 10pV—~2Kv DC 5
ranges Oven controlled zener diode Ac-
curacy ~0 033% FSD =0 005% reading

P.O.A.
DV M LM1480 3 Autoranging version
of LM 14403 Max reading 39999
50V —2KV DC Full spec on request

P.O.A.

DM M 7050 (Autoranging)  £245.00

SCOPE TEST
EQUIPMENT

| == —

49-53 Pancras Road
London NW1 20QB
Tel: 01-837 7781. Telex: 298694

WW-—105 FOR FURTHER DETAILS

www americanradiohistorv com

Hectronic

Fquipment People

TEKTRONIX
Time Mark Generator 184 £275.00
Snsec Pulse Generator Model 2101 c/w

loads and connectors £575.00

Time Mark Generator 2901 £450.00

Pulse Generator Model 110 £95.00
OSCILLOSCOPES

COSSOR

Dual Trace Scope 4000 50MHz 7nsec
Rise Time 5mV/cm sensitivity Cahbrated
sweep delay Gated tngger X Y display 8
% 10cm disptay £495.00

v ra——]

DYNAMCO
Portable Scope 7200. Piug Ins 7201 &
7212 Sold State Capable of being
powred from AC or DC DC-15MHz at
10mV/div  Dual Channel X10 Gain
Calibrated sweep delay £315.00
Precision TV Waveform Monitor 7060
Plug Ins 7174 & 7178 Full spec on
request . £850.00
HEWLETT PACKARD
Portable Osciltoscope 1707A DC-75MHz
Dual channel 6 x 10cm display Sen-
sitvity —10mv/ Div Sweep delayed time
base £825.00
Type 175A General Purpose 4 trace ¢/w
1754A and 17818 plug in units
£550.00
PHILIPS
PM6507 Transistor Curve Tracer Sold
State CRT — 10 X t2cm Full spec. on

request £475.00
PROBES

X1 Part No 90 . £7.00
X10 Part No 91 £9.00

X1 & X10 (switchable) Part No 85
£11.00
SOLARTRON
CT436 Dual Beam DC-6MHz
100MV/cm +AC x 10 giving 10mV min.
sensitivity £105.00
CD1400 DC-15MHz c/w Plug Ins 2 x
CX1441 & 1 xCX1444 Calbrated sweep

delay 5 diam CRT £190.00
TEKTRONIX

DC30MH:z Oscilloscope 545Ac/wCA &L
Plug-ins £445.00

Type 485 350MHz Portable Duat Trace
5mV/div 1nsec’div sweep rate Delayed
sweep Auto focus, vanable trigger hotd
off 50 ohms internal input protection
£3.250.00

Type 551 DC27MHz Main frame and
power supply Vanous plug-in amts avail-
able £450.00
Type 5648 (Mainframe} Storage Oscillo-
scope Vanious plug-in units available

£750.00
647A (CT536A) Ruggedised bC-
100MHz Dual Trace Including Plub Ins
10A2A & 11B2A £1,200.00
543BDC 33MHzc 'w 1A1 Plug In

£450.00
533A DC 13MHz ¢ w CA Plug In

£225.00
5458 DC-33MHzc w 1A1 Plug In

£600.00
561A Samplng scope ¢ w 3576 &
3177 £650.00
555 fincluding P Supply) ¢ w 2 x 1A1
Plug Ins £895.00
581A DC-BOMHz c/w Dual Trace Type
82 £600.00.

ADD 8% VAT
TO ALL PRICES
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585A DC-BOMHZ c/w Dual Trace Type
82 £775.00
TYPE M Plug In. 4 Trace £250.00
TYPE W Plug In. Differenuial £325.00
TYPE 132 Plug In Unit Power Supply

. £120.00
TYPE 1S1 Plug In Unit (without
accessories) £200.00
TYPE 212 Portable battery mains scope.
Dual trace, DC-500KHz £585.00
TYPE 454 Solid State. portable scope
Dual trace DC-150MHz £1,250.00
TYPE 475 Solid State, portable scope
Dual trace DC-200MHz £1,650.00

TELEQUIPMENT

Rack Mounting Scope S54AR Fitted with
P7 long persistence CRT Single trace
DC-10MHz 10mV/cm. Unused condi-
tion £205.00

TRANSMISSION TEST
EQUIPMENT

AIRMEC/RACAL
Wave Analyser 248A. 5-300MHz
£250.00-£300.00
Wave Analyser 248 Freq. range SMHz
300MHz £145.00
Modulation Meter 409 £295.00
Type 210A Modulation Meter 2 5-
300MHz, AM Range 0-100% . FM Range
0 to * 100KHz in 4 ranges
£185.00-£245.00
GENERAL RADIO
Type 1900A Wave Analyser ¢/ w Graphic
Level Recorder 15218
Spec: 1900A 20Hz-50KHz 3 band
widths 3. 10 and 50Hz Tracking averages
30mV-300V F.$.D Input impedance 1M
ohm 3 metes speeds
Spec 15218 4 5Hz-200KHz 1 mV sen
sitivity Linear dB plot of r m s ac-voltage
level 20, 40 or 80 dB range £2,000.00
HEWLETT PACKARD
Sweeping Local Oscillator 3595A Plug-in
for use with 3590A Wave Analyser Freq
range 20Hz to 620KHz £650.00
MARCONI INSTRUMENTS
Distortion Factor Meter TFt142F Fun-
damental Freq Range 100Hz-8KHz Dist
measuring ranges 0-5% 0-50% Meas-
ures all spurious components up to 30KHz
£60.00-£80.00

BRIDGES

WAYNE KERR

COMPONENT BRIDGE B521 (CT375)
Resistance 10 ranges from 1M ohm to
1000M ohm Capacitance 10 ranges
from 50kpF to 500pF inductance 10
ranges from 1iF to 500 KH. Capable of
measuring components in situ £105.00
Universai Bridge B221A (CT530) 0 1%
Accuracy Measures R, G. C & L Mains

operated £275.00
Low Impedance Adaptor Q221A for use
with above £75.00

FREQUENCY
COUNTERS

ADVANCE
Counter TC16 5Hz-80MHz 5 digit
£110.00
Timer Counter TC14 9 digit. Display
storage DC — 250MHz Time fhimits
sefectable 0 1,5-100s. Multiple perod
average 10-10°  Sensitvity 10mv.
100mV, 500mV Overload protected
£475.00
Timer Counter TC15 9 digit with storage
and piug-in capability. DC — 250MHz
Spec similar to TC14 £585.00
Plug-in Unit TC15 P11 MHz-500MH:z
10mV-1V Full 500MHz display with 1Hz
resolution in only 2 secs £200.00
Timer Counter TC17A 6 digit. DC to
80MH:z Gate tmes 10ys to 10s n de-
cade steps Sensitivity 2gmv {rms)sine
wave Overload protected £290.00

Carriage and packing

charge extra on all

items unless otherwise

stated

Timer Counter TC22 Measures -
Frequency DC — 100MHz 6 digi. Time,
period. period average, count totalise
pulse width, ratio £300.00
Type TC18 Time Counter Freq measure
ment 10Hz-512MHz 6 digit LED display
UNUSED CONDITION £275.00
FLUKE

Industrial Counter Totaliser 1941A 5Hz-
40MHz 40mV sensitivity R P.M  meas-
urement £150.00
Communications Counter 1920A 5Hz
520MHz 15mV sensitivity 9 digit LED
Display £400.00
RACAL

Frequency Period Meter 5Hz-10MHz
9520 Period Average measurements

£110.00
Universal Counter Timer 9838 Mea-
sunng functions — Frequency Single

and multi period Ratio and Multiple ratio
Time interval — single line and double line
totahising. 10 Hz to 100 MHz Frequency
10 Hz 10 5 MHz Peniod 1, Sto 10" sec:
Time change £285.00

VOLTMETERS

BOONTON
R F Volimeter 31 C Measurement range
1mV to 3V Frequency range 20 KHz to
1200 MHz {with 'T Adaptar supplied}
Supplies also with R F probe and tip and
500 termination Wesght 12 Ibs
£455.00
BRUEL & KJAER
Electroric Voltmeter 2409 True R.M.S
Average and Peak 2Hz to 200KHz. Sen-
sitivity 10mV — 1kV £250.00

GENERAL RADIO
Electronic Voltmeter 1806A AC DC 9
Resistance * 2% accuracy. Wide
frequency range — up to 1 500MHz
£175.00
HEWLETT PACKARD
R.F Voltmeter 3406A 20,V sensitivity —
average response. 1mV senstbvity 1mV
3VFS 8ranges 10KHz — 1 2GHz
£485.00
RHODE & SCHWARZ
Selective Microvoltmeter  USVH BN
1521 10KHz — 30MHz 02V — IV
F s.d of lowestrange 1V £675.00
MARCON! INSTRUMENTS
TF2600 Sensitive Valve Voltmeter 1mV
300V (12 ranges) 1% Accuracy up to
500KHz £175.00
TF2604 RF  Electronic  Voltmeter
300mV-300V (7 ranges) 20Hz-1.5GH:z
300mV-1KV DC 5000hms-500 MOhms
£225.00

MISCELLANEOUS

ADVANCE
Digital Panel Meters DPM 102 103
112P, 201, 204, 301 302 303 306
343 Price and spacs. on application
X-Y Plotter HR2000 complete with 2 M3
amplifiers. TmV to 10V /inch on X and Y
Electric Pen lift, A3 & A4 paper. felt tip
pens , £645.00
BIRD
Wattmeter Termahne 67 3 ranges
0-25 / 0-100 / 0-500W / 30-500MHz
£265.00
BRUEL & KJAER
Automatic Vibration Exciter 1018
£495.00
GENERAL RADIO
Standard Frequency Muluplier 1112A
Price & specs. on application
Standard Frequency Multiplier 11128
Price & specs. on application
MARCONI INSTRUMENTS

e

Colour Gain and Delay Test Set TF2904

625 tine £505.00
R.F. Power Meter TF2502 3 and 10 watt
ranges DC-1GHz £355.00

L.F Extension Unit. TM6448 for use with
OA 10944 series £200.00

okers Ltd

49-53 Pancras Road, London NW12QB
Tel: 01-837 7781

RHODE & SCHWARZ
Standard Stereodecoder MSDC BN4193

£850.00
Polyscop ! £950.00
Selektomat USWV £800.00
Frequency Indicator FKN £475.00

Type MSDC Standard Stereodecoder
30Hz-15KHz £850.00
Type MSC Stereocoder BN4192/2
£1,250.00
RECORD

Chart Recorder — 500 pA Movement 1in

& 6in per hour £70.00

WAVETEK

Programmable Phase Meter 775
£795.00

CALIBRATORS
& STANDARDS

FLUKE
Meter Calibrator 760A . Spec for DC Voit-
meters — 0.001V 10 1KV Accuracy0 1%
Resolution 100,V DC Ammeters — 1, A
10 10A Accuracy +0 25% Resoiution
1uA. AC Voltmeters — 0 00tV to 1KV
60Hz and 400Hz. Accuracy *0.25%
Resolution 100,V AC Ammeters — 1, A
to 10A 600Hz & 400Hz Accuracy
+0 25%. Ohmeters — 0 to 10M chms
~0 1% of seting +0 5M ohms Resolu-
uon 1 ohm Full spec on request
£2,150.00
Reference Divider 750A Used for calib-
ration of precision DC Voltmeters. Volt-
boxes, DC Calibrators. etc The equipment
s a 10ppm (0.001%) divider with
switched input taps ranging from 1100 to
1 1V & switched output taps ranging from
1100V 100 1V £980.00
Null Detector BASAB Al solid state. De-
signed for extremely high input impedan-
ce, sensitivity and isolaton Operates from
either line or from built-in rechargeable
batteries. 1,V through 100V DC end
scale in 19 ranges using X1 and X3 pro-
gression. Full spec on request  £475.00

FREQUENCY
SYNTHESISERS

FLUKE

Frequency Synthesiser 6011A Performs
functions of an oscillator. counter and
fevel meter 10Hz-11MHz  Output
0.4mv-5V (r.ms) 7 digy LED display
Accuracy >3 parts in 10 ° for one year
Freq storage. Full Specification on requ-
est £2,650.00
Frequency Syntheiser 6160A/DX
4MHz-30MHz in 1Hz Steps Output 1V
into 50 ohms. Stability + 1 partin 10 8in
24 hours Full Spec. on request UN-
USED. BARGAIN PRICE. £675.00

\839'7-78| )

\

N

Please note: All instruments'offe'red
are secondhand and tested and

guaranteed 12 months unless
otherwise stated

Hours of business: 9a.m.-5p.m. Mon.-Fri. Closed lunch 1-2p.m.
WW—106 FOR FURTHER DETAILS
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Hurry for your copy!

This Wireless World book is of very special
appeal to all concerned with designing, using and understanding

electronic circuits. It comprises information previously included m the
second ten sets of Wireless World's highly successful Circards - regularly
published cards giving selected and tested circuits, descriptions of circuit
operation, component values and ranges, circuit lmitations, modifications,
performance data and graphs. The book follows on from Circuit Designs
No.1-now sold out. It is magazine size in hard cover and contains
information on the ten sets of Circards plus additional circuits and
explanatory introduction. Like its predecessor, this second book has been

deservedly popular since its first appearance and may soon be out of print.

You are advised to order your copy without delay.

Basic logic gates
Wideband amplifiers
Alarm circuits

Digital counters

Pulse modulators
C.d.as—signal processing
C.d.as-signal generation
C.d.as—-measurement
and detection
Monostable circuits
Transistors pairs

A BOOK FROM

wireles

world

I

ORDER FORM

' To: General Sales Department
IPC Business Press Limited
Room CP34, Dorset House

I Stamford Street. London SE} 9LU

Please send me
Designs —Number 2 at £12.50 each inclusive
| enclose remittance vaiue &£
payable to {PC Business Press Ltd.}

il

www americanradiohistorv com

—_———— - ——

copy/copies of Circuit

(cheques

|
]
I
I
I
|
I
I
\
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Flectronic Brokers
The Computer People

reels. rack-mounting
steps/sec.. 8'2" reels

10%" reels

(STOP PRESS "hits ——
Here are just a few examples from the range of top

quality magnetic tape units currently in stock: B
CIPHER 100X 9-track. 25ips. 800 BP1. 10%" ;
£950

KENNEDY 1600 7-track incremental. 500

PERTEC 6860 7-track. 37'zips. rack-mounting.
£9

PERTEC 7520 7-track. 12%ips. 7" reels
@Llooom-lrack. write only. 8'2" reels

—

0
£650
£750

KYBE E24 Magnetic Tape Cleaner
£325 /

a Catalogue N

. Send for
your free
copy
including
i latest
1 update

. sheets

LATEST
ARRIVALS:

SUPER PDP8A SYSTEM mounted in
console /desk unit

‘PDPBA CPU ‘MMB8-AB 16K Core memory 'KMB-AA
Extended option board "DKCB-AA 1/ 0 option board
*RXB-BD Dual floppy Disc Drnive *VT50-AB DEC Scope
‘LA36 DEC writer. "‘CR8E Card-reader 0SB Operating
System.

PDP8M PROCESSOR table-mounting
*PDP8M-DL CPU "MCB8-EJ 8K core memory "KC8-ML
Programmers panet "KLBE Asynchronous Interface *MRB
PROM

PDP11/35 — BRAND NEW
CONDITION!

*PDP11/35—FD CPU "MF11UP/MM11UP Panty Core
Memory {up to 96K available) 'KT11.D Memory
Management Option "BA11-KF Extension Mounting Box

ALSO AVAILABLE
PDPS8E PROCESSORS, 4K to 32K, vanous configurations
available, prices from £2,500

PDP8I & PDP8L 4K and BK processors prices from £950
PDP11-05 processors 10'%’’ chassis. 8K or 16K core.
prices from . . £3,250
PR 11 High Speed Reader complete with PDP1 1 Interface
. . £1,750
PC11A High Speed Reader/Punch compiete with PDP11
interface £2,250
H720E Power Supply for DEC expander box Input 115V
output +5V at 22A —15V at 10A Brand new condition
Price £450
RKOS 16.-sector disk packs (PDPBE-type), hardly used Price
. £30

ADD-ON CORE

MMBE 4K Memory Stack (PDPBE series) £600

MEBEJ 8K Memory Stack (PDPBE senes) £1,300

MF11UP 1BK parity core complete with backplane

{POP11/35, 11/40 type) . £2,400

MM11UP 16K expansion core {prerequisite MF11UP}
£2,000

DEC MODULES
Large stocks of DEC modules — let us know your
requirements

SAVE up10 45% on HAZELTIN

SUPER SAVINGS
ON SPECIAL
PURCHASE OF
PORTABLE
TEXAS

SILENT 700
TERMINALS.
Our special price £695
Model 725 KSR ASCIl Keyboard Stent high speed operation
up 10 300 baud 5 x 7 dot matrix electronic printhead Full or half
duplex operation Buult in acoustic coupler Mounted in ntegral

carrying case Gross weight 35lbs Dimensions 21 V2 x 197 x
6%

JUST RECEIVED — TEKTRONIX
611 STORAGE DISPLAYS
Prices from £950

11 Storage Crt Vertical sensivity
1V 16 2CM (sq format) or 1V, 21CM
(rect format) within 2% FSD

Maximum input voltage + — 50v DC
and peak AC Setthng tme 3 5
microsec CM + 5 microsec Stored
resolution 4000 clearly legible
characters {90 x 70mi matrix) viewing
ume 15 minutes or

less recommended for specified resolution

FACIT PAPER TAPE PUNCHES

Special purchase of brand new surplus at bug
savings

FACIT 4070 75 CPS PUNCH !
Self-contained table mounting umt with 4
integral drive electronics plus tape supply and -+

take-up spools Ll
FACIT 4060 150 CPS PUNCH
with integral supply spoal complete with
Facit 5107 controt umit

OUR BARGAIN PRICE FOR THESE TOP
QUALITY PUNCHES — £950 EACH

Also available — FACIT High-speed paper tape reader
Model 4001 Reading speed up to 1000 cps Integral
supply spool £625

LARGE STOCKS OF ASR33 AND
KSR33 TELETYPE TERMINALS

* ASC11t Keyboard

* Hard-copy unit (friction or sprocket paperfeed)

* Paper $ape punch and reader (ASR33 only}

% Line Umt (20mA’6V/80V)

Overhauled 1n our own workshops to the highest standards
and sold with 90-day warranty

Prices from £425 (KSR 33) and £625 (ASR33)

CASE CM120 RO Prnter 120 cps 80ch/line, 5x 7
dot matrix standard ASC11 64 character set, CC1TT-v24
Compatible Interface £725

HAZELTINE Thermal RO Prioter, 30 cps — for use as
band copy attachment to Hazeltine 2000 Visual Display Unit
£595

Wortd Leaders
in CRT Terminats

e T T R R R
Uk m e W e e

AR s * L]
A ———

B8 REED-SWITCH KEYBOARD
78 Station ASC11 keyboard including separate
numeric cluster. cursor control keys and 6
special function keys
= Standard TTL logic
* Power requirements + 5V @ 100mAand —1 2V @
4mA
* 8-bit ASC11 code (including panty}
providing full 96-character set with upper and
lower case outputs
* Negative strobe with 4 O ms delay
Overall dimensions 16 x 7% x 2"' supplied complete
with full technical data and circuit diagrams
PRICE £55 + £1 25 p&p + B% VAT (Send £60 75}

K
*

55SW3-1 54-station BCD-coded 4-bank alphanumeric
keyboard, Hall-effect switches. input + 5vDC negative logic
and strobed output, two-key rollover Set in attractive panel
incorporating 5 indicator lamps and on/oft swich
Dimensions 15%2 x 5% x 22" o

PRICE £39 50 + £2 P&P + 8% VAT (send £44 82)
18-KEY PUSH-BUTTON CALCULATOR
KEYBOARD

Numerals 0-9 decimal pontCK + — X + = Mounted on
PCB overall dimensions 5% x 4% x 12"

PRICE £4 00 + 50p P&P + 8% VAT (send £4 86)

“

HONEYWELL KEYBOARDS
4 bank alphanumeric ex-equipment keyboards 50
keystations, diode-encoded 7-bit positive logic. positive
strobe TTL/DTL-compatible Power requirements 5V
100mA Layout similar to IBM 029 Price £25 + £1 P&P
+ 8% VAT (Send £28 08)

sTeletype compatible *12'* Diagonal Screen *TTY Format
Keyboard %64 ASCIll Character Set *5 x 7 Dot Matrix
*Switch-Sel ble Tr issi Rate up to 9600 baud
Switch-§ ble Parity d CCITT V.24 Interface

HAZELTINE 1200 ai e reawres

of the Model 1000 but with double screen capacity of
1920 characters (24-hnes of 80) Reverse block image
cursor

HAZELT'NE 2000 Superb buffered terminal

with full edit facihties 1998 character capacity {27 hnes of 74).
detachable ASCIl keyboard mcluding 10-key numenc pad and 13-
key cursor control

HAZELT'NE 1 000 Compact termina!l pro

viding 12 line by 80 character display (360 chs) full-half
Duplex, MOS SHIFT REGISTER MEMORY WITH CONSTANT
REFRESH Underline cursor

New List Price £900 New List Price £941 ciuser“Seecione New List Price £1649

NEW LOW PRICE £495 OUR PRICE £725 owpecorvaen OUR PRICE £895
ALL UNITS FACTORY-REFURBISHED TO AS-NEW STANDARD AND COVERED BY 90-day warranty

ELECTRONIC BROKERS LIMITED (COMPUTER DIVISION)

49-53 Pancras Road, London NW1 20B. Tel. 01-837 7781. Telex: 298694
o Hours of business: ADD 8% VAT Carriage & Packing charge extra
9 a.m.-5 p.m. Mon.-Fri. Closed lunch 1-2 p.m. TO ALL PRICES on all items unless otherwise stated

WW~—104 FOR FURTHE!
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NOW — A VDU BOARD

WITHOUT KEYBOARD AND O DISPLAY .

A double-sided board with plated through holes 12 x 8'' (4 Eurocard size). 960 Character
cursor. 32 control functions available. Adjustable bauld rate. Provision for a ke

modified television or video monitor. Board is crystal controlled to give a rock steady display.
Supplied in kit form (All components supplied) £95. P&P £1.75. Assembled and tested £125. P&P £1 75,

sina 40 x 24tine format. 64 ASCII characters. Flashing
yboard. Serial input and output. Requires +5V and — 12V and any

T
TEKTRONIX OSCILLOSCOPES
541A with G Plug-in £160. 545 with CA Plugin £200. 547 Main
Frame 581A Main Frame 585 with 82 Plug-in £425. 661 with 451
£350.

Stocks of better oscilloscopes atways changing Enquires please
Plug-in units not sold separately

SOLARTRON CD1740 DB-3dB 50MHz Solid State £375 each
R&S Audio Freq Spectrograph BN48301 £650.

MARCONI Sweeper TF10399 £486 each

R & S POLYSCOP SWOB1 £450 ea

MARCONI OSCILLOSCOPE TF1330 15 MHZ £70 each
TELEQUIPMENT Oscilloscope D33R 6 MHZ £90 each

H.P. Oscilloscope type 185B £100 each

TEKTRONIX OSCILLOSCOPE :type 502 High gain Limited
bandw:dth £185 each

EX-MINISTRY X BAND SPECTRUM ANALYSER CT152 (Mar
com TF1035) 8 5GHZ to 9 7GHZ Power nput 115/250v
45 650HZ Pan-climatic £85 each

J.A.C. ELECTRONICS FREQUENCY METER type 331
GHZ In and Out £55 each

MARCONI SIGNAL GENERATORS. Freq range 10-470MHZ
Type TFBOT1D/ 1S £260 each .

MARCONI AM/FM SIGNAL GENERATOR TF2002B £775
FM/AM SIGNAL GENERATOR type AN/USM 16 10 1o
420MHZ Limited quantity £300 each

HEWLETT PACKARD OSCILLOSCOPE 175A DC-50MHZ Double
Beam £190 with detay amp £220.

BRUEL & KJOER Automatic Vibration Exciter type 1016 Sine Wave
sweep from 5HZ to 10KHZ £75 ea

AIRMEC WAVE ANALYSER type 248 £40 each

POLARAD RECEIVER Model FIM-82 Complete 1-10GHZ £325.
MARCONI Wide Range Oscillator TF1370 Freq range 10HZ to
1OMHZ Sine wave 10HZ to 100KHZ Square Wave H:gh outputs up
t0 31 6V Good value at £90 each

MARCONI ADAPTOR TM6113 for TF2700 TF1313. TFB668B
£20 each

AIRMEC 4 trace scope Type 279 Large screen £95.

MARCON! TF142F DISTORTION FACTOR METER giving
percentage distortion on a directly calibrated dial and includes any
spurious components up to 30KHZ £29.50 ea

MARCONI PORTABLE FREQUENCY METER TF1026/11 100
to 160MHZ Very fine condition £25. TF1026/4M 2-4GHZ £35 ea
COURTENAY MAJOR Mk. 2. 250 joules. 5 outputs Can be
combined 1250 joules No heads £30.

RHODE & SCHWARZ Turntable Indicating Amplitier UBM £75.
TEKTRONIX 180A Time Making Generator £65.

ff RHODE & SCHWARZ POWER METER. 8NRD-BN 2412/50
§ £50.

MARCONI RF POWER METER. TF1020A/ 1 75 ohm £65.
RHODE & SCHWARZ Power Signal Generator BN41001 100KHZ
to 30MHZ £3265.

JERROLD SWEEP GENERATOR 900A £165.

PRECISION AVOMETER. Meeting section 6-BSS B3/1854 eg
+/—-0.3% £75ea

MARCONI CT44 watt Meter 0-6 watts £30 ea

MARCONI TF675F wide Range Pulse Gen £18 ea

EDWARDS HIGH VACUUM PUMPS 15C30 £50.

MARCONI Signat Generator TFBO1B/3/S £160 each

AUTO TRANSFORMERS. 240V input; 110V output 1 25KVA
£25ea Carr £2 75

H.P. WAVE ANALYSER type 302A £150.

R. & S. SWEEP GENERATOR 8N4242 50KHZ-12MHZ €175
each

KAY SWEEPER 1 5MHZ-220MHZ CW or Sweep £120.
FURZEHILL Valve Voltmeter V200A £28§ each

POWER UNIT 3KV Stabilised £28 each

FENLOW Low Freq. Analyser 0 3HZ 10 1KHZ £75.

REMSCOPE SO1 Basically working —tube good £75.—

H.P. FREQ. CONVERTER type 52528 £50.

S.7.C. DISTORTION SET 732528 £65.

WANDEL & GOLTERMANN and SIEMANS EQUIPMENT
LEVEL OSCILLATOR 3W518 SWEEP UNIT WZ ' LEVEL
OSCILLATOR 3D335 RECEIVER LDE 1 SWEEP
OSCILLATOR 3wW338b1a, TRANSMITTER LDS-1 LEVEL
TRACER (Display) 30346b1a. CARRIER FREQUENCY
LEVEL METER TFPM-76 LEVEL TRANSMITTER TFPS.75
! CRT INDICATOR with Plug-ins SG-1. SWEEP CONVERTOR
e WU
! Other units available Average price £120 per unit Reduction for
quantity

FEED BACK LYD. Wave Form Gen Sin' Trap. Saw.’Sq + DC offset

£80.

BARNETT DEAD-WEIGHY PRESSURE GAUGE TESTER. Com-

plete with weights. £50.

GENERAL RADIO PULSE SWEEP GEN. Type 1391B £90

GENERAL RADIO. Osc Unit 1209B. 250-920Megs €50 each.

AIRMEC AM/FM SIG. GEN. Type 407 200KHz-80MHz £300.

FLUKE AC-DC VOLTMETER. Model BO3B £90 each.

WOODEN C.V. TRANSFORMERS. 230V input. 5§ 5V 5A output
§ £2 each.

ALCAD CELLS 40APH Type EPA Size 4': x 2}

Supplied less fluid £4 ea. P&P £1 75

HZ 0 3

x 8 high

TELETYPE ASR28 wilh built-n tape reprc';d'ucer and print on
tape facility £450.

EX-MINISTRY OSCILLO-
SCOPE CT436
Double Beam DC-6 MHZ £120

MARCONI TF801D/8 /s

et =
FURZEHILL EX-MINISTRY AUDIO
GENERATOR 0-20KHZ
Sinewave output. Metered. 600 Ohms.
Size 16 X10X 9" deep. Standard mains |
now at £15 ea.

SIGNAL GENERATOR
Very good condition
£425 each

MARCONI VALVE
P&T HEAD VOLTMETER
£22.50 each TF428B £15 ea.

TRIPODS

PICK-A-PACK —
50 PENCE A POUND

From our ""Pick-A-Pack’  area

weigh up your own components.
No restrictions on what you take.

DEC. MODULES

M83567 M7264 M7847BJ
M8655 M7228 MMV11

Prices and other Modules available on apphcation

EX-DYNAMCO Oscilloscopes INVERTERS 30V tnput
6KV Output. Size 2" x 4%:" x 1% ", Compltete with
circuit €10 each P&P L]

MINIATURE OXLEY PATCH PANEL
ox-DYNAMCO. 10 « | omplete wit
50p

BRAND NEw
pins €8 each P&P

*TELEPHONES. Posi Oke style 746 Black or two tone
€6.50 ea Mooern style 706 Black or two-tone grey £4.50
ea PP 1 wach Oid hiack style €1.50 each P&P L1
*HANDSETS only 706 style €1.78 each, older style €1.
P&P 75p

TELEPHONE EXCHANGES. g 15 way
hange anly) from £9%.

utomanc ‘es

SURPLUS — BRAND NEW — REPLACEMENT TUBES

FOR DYNAMCO 7100 SERIES OSCILLOSCOPES TYPE

BRIMAR D13-51GH nesh P D A Transisior Scan Wide

Bandwidth 60MHZ +.Rectangular 6 x 10cm — 1kV EHT X

Sensitivity 15V CM ¥ Seasitivity 8Y7 CM  standard heate
Length 1 !

THIS IS A MUST AS A SPARE FOR THE DYNAMCO 7100
SCOPE OR IDEAL FOR THE HIGH-QUALITY TRANSISTOR
SCOPE BUILDER A: £65 each Carriage £2 50
To Tube purchasers only Numetal Shields a1 €2.50.

* TRANSISTORS/DIODES/ *
RECTIFIERS, ETC.

Guirameed all full spec devices Manufacturers’ Markings
At Sp each
BC147 2N3707. 2N4403, BC1728. 8C261 BC2518. BC3488B
BC17tA/B. BC413. D10. BC182 BC212 BAX13. 1N937

BAﬁiOZBEv. BZXB3: TIS61. 2N5040 . [i ‘4 W
At 10p each 2 - '
BFXB5 1N4733A SN7451N-BYX10-1 5KV G 30A

8YZ10 15p ea TIPW"}IP34A — 50pea BD538 — 40pea
Heavy Duty Bridge Rectfier — 20p ca. TBAB10S — 75p ea
CA3123E — £1 ea: BDY55 — €1 ea. BU104 — £1 ea. 2N3055
40pea

TBA560CO £2 ea. 1N4436T — TO3 Fiat mount 10A 200piv €1 ea
2N5B79 with 2N5881 Motorola 150W Comp pair €2 pr BD535
80538 Comp. par — 78p pr

Linear Amp 709 — 25p ea

High Speed Voltage Comparator 710 — 15p eaq

P&P Extra on alt items

FINNED HEAT SINK — single TO3 — Size 4%’  x 3" X 14" 50p
ea P&P 75p

PAPST FANS 240V available at €7.50 ea P&P 75p
PHOTOMULTIPLIER Type 9134 €4 ca P&P 75p Other
types available

*BEEHIVE TRIMMERS 3 300f Brand New 10 off 40p
P&P 50 100 off £3.50. PAP 75p 500 off €15, PEP
125 1000 ofl €25. PEP L1 50

LARGE RANGE OF ELECTROSTATIC VOLTMETERS.
From 0 300V 2" €3, 10 20KV Max General guide 5KV 3
£8. Thereatier £1 per KV. P&P /5p
DON'T FORGET YOUR MANUALS.
menls

EH.T. TRANSFORMERS 20KV 2KVA €70 ¢a

240KY SINGLE PHASE 20KVA Ouiput 2 % 2 5KV €88
fyeémmu PHRSE | KVA Oulput 40KV 25MA €175

Tany othec EF T Teansigrmers: e LHT Capacitors availab

AE with requ

* SEMICONDUCTOR PACK
Guasanteed full spec devices make up this Ypack
{No large quantities warrant indwvidual advert ing)

50 devices for £1 P&P 40p
Highly Recommended

T
1.C. BOARD P N
50 I T Setul Compments | “ P&P
- \75 5

P

MULLARD & BRIMAR OSCILLOSCDPE TUBES
BRAND NEW BOXED — ALL RECTANGULAR
014-121 Green 50MHz Y 4. 2V/CM £45 ea. As
above but P7 Phosphor £35 ea. D13 46GM P7
£35 ea. D10-210GH /32 £40 ea. Carriage all

tubes £1.765 ea.

DESKS with Punch Reader Printer and Keyboard Some ASC11
Various models from £200.

Y2!'"" MAG TAPE

Approx 2.000 ft NOW 25p each. P&P £1 Or 5 for £1 carr £2 75p

FOR THE VDU BUILDER tube type CME 1220 24 X 15¢m at £9 ea
Base connections supplied

Heads for PERDEC 6000/7000 — enquiries

ITT-CREED. Punches and Prints on %'’ paper Complete with Power
Supply Solid State Size 15 x 11% x 22'" deep. £32.50 ea

TELETYPE ASR 33 from £450

TELETYPE KSR33

NON-STANDARD KSR33 eg basic ASC11-20MA loop — but small
print 0 to 3 above standard 0 to 3 some of the symbols having been
relocated. £250.

TELETYPE 35 RO Cased £95.
TELETYPE 35 RO with 20MA interface. Few ontv £120 ea

LITTON SYSTEM — Must go — £375 or offer One only Digital
Equipment Corporation Processor Board KD 1 1F with DLV 11 and Back
Plane. Can be demonstrated working £680.

COSSOR 0SCILLOSCOPE CAMERAS
Brand New Boxed with 4 film packs & Manual £12
each. Carriage £2 75

'SOLID STATE TIMEBASES

8y LARGE BRITISH MANUFACTURERS

These are a Plug-in Modular Timebase covering 0 2
microsecs per cm to 5 secs per cm in 23 steps
Tunnet Diode triggering 8 Front Panel Controls 37
Transistors  FETs — all plug-in Silver anodised
frontpanel Sized4 x5% x 10%:"" deep Guaranteed
absolutely brand new n orginal manufacturer's
packaging Complete with extremely comprehens
ve copy of manuat £17.50 ea. P&P £2

BACK IN STOCK —
CREED 7B TELEPRINTERS

THE CHEAPEST WAY OF GETTING A FULL
ALPHA/NUMERIC PRINTOUT FROM YOUR
MICRO
Large Ministry purchase enables us to offer these at

£25 each

In good working conditron Requires 110 voits DC Requires
ASCt1/BAUDOT converter for coupiing 10 your micro-processor
These units are Processor tested before dispatch Circuits inciuded
Adequately packed to guarantee safe arrival for £3 25

A LARGE QUANTITY OF MISCELLANEOUS TEST GEAR — CHASSIS UNITS, ETC., on view at LOW COST

Minimum Mail Order £2. Excess postage refunded Unless stated — pleasé add £2.75 carriage to all units
VALUE ADDED TAX notincluded in prices — Goods marked with * 122 % VAT, otherwise 8%
Officiai Orders Welcomed. Gov./ Educational Epts., Authorities, etc., otherwise Cash with Order.

7/9 ARTHUR ROAD, READING, BERKS (near Tech. College,

_Open9am 105.30p.m._Mon to Sat

www americanradiohistorv com
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( Four Good Reasons
for using

Zettler Relays:

Zettler Relays are first class quality
We have about 50 years experience in producing relays
Zettler Relays are readily available
Most are available ex stock Harrow
Zettler Relays are proved in practical applcations
Millions are used in our own electronic systems and products
Zettler has the right relay for most applications, e.g

=T~

.

Miniature Extra
Heavy Duty Relay AZ 230

Capable of switching high power

in spite of small physical size
Contact. 1 changeover

Contact matenal

Silver cadmium oxide

Rating 3.5 kVA, 16 A, 250V AC max
Dielectnic strength - 2.5kV rms
Coils' 5V DC-110VDC

Size 355x19%x302 mm

Printed circuit mounting

Let us help you with your switching problems

ZETTLER

est. 1877

Zettler UK Division

Brember Road - Harrow, Middx. HA2 8AS - Tel. (01) 422 0061
Zettler offers more than technology

WW—107 FOR FURTHER DETAILS
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PRE-AMPLIFIER
CP-P1

Shown here mounted with its associated components {and the
CP-TM1 Peak Programme Monitor) on the CP-MPC1 intercon-
nection board; the CP-P1 is a complete stereo pre-amplifier and
tone control module. Performance features >70 db S/N ratio and
=30 db overload margin (both ref. 3 mV) and distortion of 002%
The internal R.1 A A. feedback compensation arourd the low level
pre-amp may be replaced with external networks and the tone
control circuits can be programmed to give different turnover
frequencies if required (including separate bass and treble 'defeat’
facilities)

CP-P1 £14.96 incl (UK)

Also Available: Power Amplifiers, Filters, Stereo Image Width I
Control, Compressor/Expander, Active Crossovers, Power Sup-
plies plus all pots, switches, etc

MAGNUM AUOIO Lid.

DEPT W3, 13 HAZELBURY CRESCENT
LUTON, BEDS. LU1 1DF
TEL: 0582 28887

SEND LARGE S.A.E. FOR DETAILS

WW—102 FOR FURTHER DETAILS
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BY POPULAR
REQUEST

Demand for reprints of Wireless World constructional projects for audio
equipment is so high that we have gathered 25 of the best of them
together in High Fidelity Designs. These are the ‘most requested’ articles
which you have asked for and all have been fully updated. Hurry for your
copy — it's likely to sell out fast!

igh fideli
esigns

Tape/disc/radio/amplifiers/speakers/headphones

A BOOK FROM WIRELESS WORLD

£2.50 from newsagents and bookshops or £2.75 by post from the publishers

Contents: @ FM tuner design @ Novel stereo FM I N R R e s o BN AN GR TRN M e S wen o om G N G0 ma

tuner @ Low-noise, low-cost cassette deck

e Wireless World Dolby noise reducer @ Wideband

compander design e High-quality

compressor/limiter ® An automatic noise-limiter

e Modular integrated circuit audio mixer o The
walltenna "~ e Electronic piano design

e Advanced preamplifier design e High quality

tone control @ Multi-channel tone control e

Bailey-Burrows preamplifier @ 30-watt high

To: General Sales Department, Room CP34
Dorset House, Stamford Street, London SE1 9LU

Please send me copy ‘copies of
High Fidelity Designs at £2 75 each inclusive

| enclose remittance value £
(cheques payable to IPC Business Press Ltd )

L 0 E -0 N ¥ B B % B

fidelity amplifier @ 30-watt amplifier modification NEE ‘
e Baxandall tone control revisited o Active PSR (T
crossover networks e Electrostatic headphone ADDRESS
amplifier @ Class A power amplifier ¢ An | C
peak programme meter @ Horn loudspeaker
design e Horn loudspeaker o Transmission-line
loudspeaker enclosure ¢ Commercial P 10 G791
quadrophonic systems B i 0 "
g
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1,000s in
stock from:

SERVO AND ELECTRONIC SALES LTD.

24 HIGH STREET. LYDD, KENT TN29 9AJ
TELEPHONE LYDD (0679) 20252 TELEX 965265 AB SERVOE G
Sanuwla fom: Quality Electronics Limited

At above address

e — e ————— ——
WW-—099 FOR FURTHER DETAILS

ANY MAKE-UP OR
COPY QUERIES
CONTACT

JOHN GIBBON
OR TONY FAYERS

01-261 8353

POWER
AMPLIFIER o
CP2-15/20

Each CP2-15/20 contains two identical amplifiers, each of which
can give 20 Watts rms into 4 Ohms (15W into 8 Ohms). Altern
atively the module may be connected to give 40 Watts into 8
Ohms. Protection is provided against short and open circuit foads
reverse supply connection (as all Magnum Modules) and thermal
overload. Transient performance is virtually unaffected by loading
and free from overshoot and TIM distortion. THD is typically
0.03% @ 1 kHz. All this adds up to a versatile and robust amplifier
of extremely ‘clean’ and ‘'musical’ performance

CP2-15/20 £14.46 inc. (uK)

Also Available: Pre-Amplifiers, Peak Programme Monitors
Filters, Stereo Image Width Control, Compressor/Expander,
Active Crossovers, Power Supplies, Interconnection PCBs, plus all
pots, switches, etc

MAGNUM AULOIO Lid.

DEPT W2, 13 HAZELBURY CRESCENT
LUTON. BEDS. LU1 1DF
TEL: 0582 28887

SEND LARGE S.A.E. FOR DETAILS

WW—103 FOR FURTHER DETAILS

X3 HOME MICROCOMPUTER [

NORTHERN 280
SEMINAR
MANCHESTER

A i .
PRIL £5.90 P C.B.

After the enormous success of the
Wembley Seminar, Lynx have
been persuaded that there are
sufficient Northerners waiting to
attend their own show. All day.

MONITOR PROGRAM
2K R.A.M.

LNX

QWERTY KEYBOARD
VDU INTERFACE (TV)
CASSETTE INTERFACE
TELETYPE INTERFACE

EXPANDABLE SYSTEM

Microprocessor Lectures and pre-
ezt | NASCOM 1 £197.50
350 seats s

+ VAT

LYNX ELECTRONICS (LONDON) LTD., 92 BROAD STREET, CHESHAM, BUCKS.
02405 75151
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SPECIAL _

LOW PRICE
ARRANGEMENTS
FOR VISITING
OVERSEAS
TRADE FAIRS

4 l'l;/.- ';'
Ly ;’?r
'./M/ A
f/,f‘f:,’/'/ "
A 5

d

1PC Electrical-Electronic Press Ltd., the world's largest publishers
of computer, electrical and electronic journals, have made special
arrangements for readers wishing to visitimportant overseas trade
fairs. The cost, in most cases, is little more than the normal air fare
butincludes - travel by scheduled airline from Heathrow and
Manchester Xk first-class hotel accommodation 3 arrival and
departure transfers % admission to the trade fair % services of an
experienced tour manager. The current programme comprises the
following tours.

To obtain a brochure and booking form, tick the box against the tours in which you are interestc A, complete the coupon and post to the
exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1. Telephone
01-405-8666 or 01-405-5469.

International Electronic

Components [ ] Paris April 3-8 1978
Hanover Fair [ ] April 19-27, 1978
Compec Europe [ ] Brussels May 9-12 1978
Sicob ] Paris September 20-22, 1978
Electric Vehicle Expo [] Philadelphia October 3-5, 1978
Nuclex ] Basel October 3-7, 1978
Electronica [ Munich November 9-15, 1978

Please send details of the tours indicated above.

NAME.....tt....t.oo.o...ooooooooo.oooooo.oo.oo_oooooooo COMPANY..0...'..‘.........“.°.00000000

ADDRESSO0.0..t000oooooooooooooooooooooooooooooo.oooooooooooOoooooonnnoooooo Telephone....."""'
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DISPLAYED APPOINTMENTS VACANT: £7.50 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £1.10 per line, minimum three lines. .
BOX NUMBERS: 50p extra. (Replies should be addressed to the Box Number in the

advertisement. ¢ /0 Wireless World, Dorset House. Stamford Street. London SE1 9LU.)

PHONE: Eddie Farrell on 01-261 8508
Clussified Advertisement Rates are currently zero rated for the purpose of VAT

Advertisements accepted up
to 12 noon Monday, February
27, for the April issue, subject
to space being available.

L.and agood job

Your

Radio Officer’s
qualifications
can mean a lot

& <
| 777
e o ST
el
(s 7

If you're thinking of a shore-based job,
here’s where you'll find interesting
work. jobs security, good money, and the
pportunity to enjoy all the comforts ot
home where you appreciate them most
t
The Post Office Maritime Service has
acan at Portishead Radio and
some of 1ts other coast stations for
qualified Radio Officers toundertake a
wide variety of duties. from Morse and
teleprinter operating to traffic
cula -adio telept

operatng

pply. you must have a United
Cingdom Maritime Radio

munication Operator's General
Certificate or First Class Certificate of
Proficiency in Radio-telegraphy or an
equivalent certificate issued by a

Commonwealth Administration or the
Irish Republic. And, ideally. you should
have some sea-going experience.

The starting pay at 25 or over works out
ataround £4093; after three years
service this figure rises to around
£5033. (If you are between 19and 24
your pay on entry will vary between
approximately £3222 and £3732).
Overtime is additional. and there isa
good pension scheme, sick-pay
benefits. at least 4 weeks' holiday a
year, and excellent prospects of
promotion to senior management

For further information, please telephone
Andree Trionfi on 01-432 4869 or write to her
‘at the following address: ETE Maritime Radio
Services Division (L690), ET17.1.2, Room 643,
Union House, St. Martins-le-Grand, London
EC1A 1AR.

Post Office Telecommunications

COMPUTING TECHNIQUES
MANUFACTURING LTD.

CHIEF TEST
ENGINEER

(DESIGNATE)
The Computing Techiques group of com-
panies is seeking to reCruit an expernenced
Senior Electronics Test Engineer for the
above position.
We are looking for a seif-starter with drive
and enthusiasm to take on this chailenging ‘
position in our manufacturing company The
successful applicant will already have a |
proven track record 1N @ test environment.
The job looking considerable fiaisonwith our
Design Engineers in test equipment design
procedures, standard, recruiting and
training of Test Engineers
You should enjoy working with the latest
generation of Op-Amps. logic families and
microprocessors and have at feast an HNC in
electronics
The company is situated in a pieasant part of
Sussex. with good train service to London
and the Coast The salary will be highly
competitive
Apphcations giving full details of age,
experience and quaiifications 1o

Mr T D F Guy
Computing Techniques
Manufacturing Ltd
Brookers Road
Billinghurst RH 14 9RZ
Tel Billingshurst (040-381) 3171
{7951

equivalent

REES INSTRUMENTS

are manufacturers of some of the world's smallest TV cameras which are used for
industrial inspection purposes. Owing to continued expansion we have
vacancies for the following

DEVELOPMENT
ENGINEER (VIDEO)

for the development of miniature CCTV cameras and control equipment. The
position requires industrial design experience in the video field and a thorough
understanding of colour Qualifications should be to at least HNC standard or

SENIOR TECHNICIAN

required for production workshop. The successful applicant will be required to
take charge of a small workforce engaged in assembly and final test of our range
of CCTV products

Please apply in writing to

Mr A. K. Sefton

REES INSTRUMENTS LTD.

Westminster House, High Street, Old Woking, Surrey

UNIVERSITY COLLEGE OF
NORTH WALES, BANGOR

ELECTRONICS
TECHNICIAN
GRADE 5

Salary £3,186-£3,720 per annum

Apptications are invited for the post of
Electronics Technician Grade 5 in the School
of Physical and Molecular Sciences

The successful applicant would be con
cerned with the maintenance construction of
electronic equipment for a wide range of
research work and teaching in the School

Applicants should have had severai years
relevant practical experience coupied with
theoretical knowledge preferably to HNC
standard or equivailent

Pension Scheme

Applications {two copies), giving details
of age. education and experience together
with the names and addresses of two
referees should be submitted to the Assist-
ant Registrar (Personnel), University
Coilege of North Wales, Bangor,
Gwynedd LL57 2DG, to reach him not
later than 10th March, 1978,

{7878)
7883
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Electronics Engineer

Telemotive U K. Limited is a Company in association with a major
U.S A. manufacturer with world leadership in the radio control of
industrial machines, systems, and processes, in collision
prevention, in remote positioning, and in other industrial
electronics activities

Our principal products are founded on the Near Field Induction
Effect and on other inductive techniques in the 300 kHz band. No
other U K. Company has a comparable product line, and our
business therefore offers engineering experience of unusual
interest. Training in our techniques is provided

Our current requirement is for a young engineer with versatile
abilities because at different times the work wilt involve application
engineering, testing, commissioning of systems on customers
sites, field and base service, the anglicisation of designs originating
in other countries, and a measure of production control. In each of
these fields there is scope for personel engineering contributions

The position involves some travelling within the U.K and will take
the engineer into a wide variety of industries.

Telemotive 1s a good employer. It only employs people who are
exceptional in their particular job, and it treats them accordingly
The salary will depend upon the capability of the chosen applicant.

A company car is provided.

Please forward personal details to

Telemotive U.K. Limited
TELEMOTIVE HOUSE, 100 HIGH ROAD

BYFLEET, WEYBRIDGE, SURREY
BYFLEET 47117

WIRELESS WORLD. MARCH 1978

SENIOR VIDEO
DESIGN
ENGINEER

U.S.A.

We require a Senior Video Design En-
gineer with at least 5 years of direct
experience in the design of Video
Circuits related to television signal pro-
cessing equipment (PAL, SECAM &
NTSC).

High salary and re-location costs plus
good opportunity to advance one’'s car-
eer will be the rewards for this job
opportunity.

I>l>

E Triumph House. 1096 Uxbridge Road. Hayes, Middlesex. UB4 8QH, England
Telephone: 01-573 8333 Telex: 934271

Write or phone:
Tony Owers, 01-574 8333 for more information

PERSONNEL & ELECTRONICS LTD.

British Forces Broadcasting Service

ENGINEERS
Radioand TV

... tojoin the BFBS which provides a radio service for HM Forces and
their dependants abroad, of entertainment, information, and educa-
tion as well as a link with home . A service of UK television programmes
has also been started in Germany

Duties (mostly overseas) include the operation and first line
maintenance, installation and repair, of MF, HF and VHF sound
broadcasting equipment and receiving and studio equipment
operation and maintenance of TV equipment including video-tape
recorders, vision mixers, slide scanners and character generators.

Candidates (preferably aged 22-30) must have ONC in En-
gineering or an appropriate C & G Certificate or an equivalent
qualification. They should have received appropriate training and have
atleast 2 years' relevant experience together with a knowledge of the
fundamental principles of the PAL colour TV system.

Starting salary will be between £3945 and £5095 depending on
qualifications and experience, plus generous overseas allowances.
Promotion prospects. Non-contributory pension scheme

For further details and an application form (to be returned by 9
March 1978) write to Civil Service Commission, Alencon Link
Basingstoke, Hants, RG21 1JB, or telephone Basingstoke (0256)
68551 (answering service operates outside office hours). Please quote
T/9718

Ministry of Defence (Army Department)

(7896)

|

Technical Sales

ELECTRONIC EQUIPMENT

We feel that we can offer outstanding opportunities to a
person in their young twenties in the marketing of elec-
tronic equipment for the control of industrial machines,
cranes and locomotives and for a wide variety of applica-
tions in materials handling.
We have the dynamism of a comparatively small company,
and have securely established world leadership in our
fields

The work would commence in our internal sales activity,
providing familiarisation with our engineering and mar-
keting technigues, and it is our wish to engage someone
who will be able to develop their career to incorporate,
firstly, responsibilities in publicity and in exhibition work,
and later in field sales engineering.
The commencing salary will depend upon the current
capabilities of the chosen applicant. Telemotive is a good
employer. It looks for people who are likely to be excep-
tional 1in their particular functions, and it treats them
accordingly

Flease forward details of experience and interests in
electronics and in marketing to:

Telemotive UK Limited

TELEMOTIVE HOUSE, 100 HIGH ROAD
BYFLEET, WEYBRIDGE, SURREY

BYFLEET 47117
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alling all professional
Electronics Engineers and

Appointments
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amateur electronics enthusiasts

The Electronics Industry has always been a
breeding ground of professional talent, particularly
within the specialist areas. At EMI, we have always
attracted talented people, graduates and specialist
engineers with valuable experience to contribute.

We're a flexible company, which is undoubtedly
one of the attractions to professional people. We're also

an acknowledged major force in the industry. Our
training is excelient, our products ahead of the field.

Our expertise has changed the face of electronics time

and time again.

People joining us atany level rapidly acquire
a great deal of knowledge and experience which puts
them on a steady path to promotion. And right now, we
have a very special need for a limited number of men
and women as Semi-Conductor Consuitant Engineers
within our Engineering Standards Group.

We are extending our invitation to both
experienced Electronics Engineers and men and
women who have a particular interest, though not
necessarily experience, in electronics as a hobby.

Your role with EMI Etectronics will be to advise
engineers, production personnel, buyers and Q.A.

EMI ElectronicsLtd.

A member of the EMI Group. International leaders in music, electronics and {etsure (7910)

staff on various aspects of semi-conductorand micro-
processor products, to liaise with suppliers and initiate/
draft standards. You will also be expected to undertake
laboratory testing, evaluate devices and be responsible
for seeking out new products.

These varied duties require people with at least
HNC qualifications but probably more important for this
work, IS the nght personality. You must enjoy resolving
technical problems and yet be capable of confident
and effective communication with a wide and varied
range of people. Knowledge of passive components,
the foreign components markets and.a working fluency
in a European language, would be very useful though is
not absolutely essential.

The men and women we envisage joining us
will be aged between 20 and 35 and will be looking for a
challenging and rewarding career with one of the major
forcesininternational electronics.

For further information, please contact:
Neil Robotham, Personnel Department, EMI Limited,
135 Blyth Road, Hayes, Middlesex.
Telephone 01-573 3888 or Record-a-call anytime
on(01-5735524.

Technical
Authors

are required to work on a variety of interesting
projects in our new offices in Wokingham.
Other vacancies exist for authors to work on
contracts on our clients premises.

Previous experience is desirable but applica-
tions will be considered from engineers with a
detailed knowledge of digital techniques, radar
or communications.

Apply Brian Goodenough
Engineering & Technical
Publications Ltd
No 12 Shute End
Wokingham, Berks
Tel: Wokingham 790123

(7937

B/B|C]

SENIOR LABORATORY
TECHNICIAN

The BBC requires a Senior Laboratory Technician in its Communica-
tions Department, London to assist engineers with the construction
and development of a wide range of communications equipment

He/She must have the ability to make simple electronic and
mechanical designs and will also be expected to carry out first line
maintenance, alignment and calibration of apparatus in all
laboratories used by Communications Department.

Candidates must have some experience of workshop practice and the
ability to work from verbal instructions, rough sketches and drawings
and be able to convert the basic design into practical equipment of
high standard.

A Higher National Certificate or equivalent qualifications is required
but tratning is available for those not yet qualified

Requests for application forms to The Engineering Recruitment

Officer. BBC. Broadcasting House. Ltondon W1A 1AA, quoting

reference number 78 E. 2021 WW and enclosing a self-

addressed envelope at least 9'' x 4"’ Closing date for completed
+ application forms is fourteen days after publication

(7949)
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ELECTRICAL/
ELECTRONIC
ENGINEERS

Design unique computer/
communication systems

This is an opportunity to design, plan and manage
the implementation of a wide range of interesting and
unique computer/communication systems. The |
computer systems range from the use of microproces- |
sors for specific applications, through mini computers to
large main frame systems employing the whole range of |
peripheral devices. The communication systems range
from line communications through the full spectrum of

tions.

Most posts are designated project officer/manager,
and mvolve the interpretation of internal customer
requirements, and the preparation of project studies,
designs and plans which provide technical solutions and
define and cost all resource requirements to implement
the solution

Candidates must have passed, or been exempted
from, examinations qualifying them for corporate
membership of IEE or IERE, and have an aggregate of
atleast 5 years’ recognised study, professional training
and experience. Project management experience in the
computer/communication field an advantage.

Starting salary between £3950 and £5240.
depending on qualifications and experience. Promotion
prospects. Non-contributory pension scheme

For further details and an application form (to be
returned by 9th March, 1978) write to Civil Service
Commission, Alencon Link, Basingstoke, Hants RG21
1JB. or telephone Basingstoke (0256) 68551
(answering service operates outside office hours). Please

quote T (8) 851
(7946)

GCHQ Cheltenham

radio communications including satellite communica- ]

WIRELESS WORLD, MARCH 1978

(J(J (A C (X (ACHC N (2
Digital
Electronics
Design
Engineers

Invest your future with us!

As Europe's largest exporter of two-way radio systems, we are
actively engaged in designing modern digital
telecommunications systems for radio and line applications.

Join Pye Telecom, and you'll join exciting development
projects concerned with all aspects of computer-based
interactive systems. You could be working on high-speed
high-capacity digital signatling for automatic control
encoders/decoders using advanced coding strategies, speech
synthesis and modern data display equipment

Some of these projects require experience in computing
techniques, including programming in machine code and
assembler languages. We are also working on projects
employing custom L S.|. microcircuits, and these require
experience in the design of digital and analogue circuits

If you have a BSc or an HND, and at least three years' good
relevant experience, we want you!

Upon joining us. you will enjoy a good salary, + a generous
relocation allowance, and good career prospects. You will also
discover an extremely attractive working environment and the
most modern laboratory facilities available

Men or Women. if you want 1o apply your innovative abilities in
an expanding field, apply now, quoting reference WW, to Alan
Depauw, Pye Telecommunications Ltd., Newmarket Road,
Cambridge Tel: 0223 61222

7860

-
[Q Pye Telecommunications Lid

Newmarket Road Cambridge England CB5 8PD
Tel: Cambridge (0223) 61222 Telex :B1166 pvETeLicOM CAMBGE

4 o of e Prm ot Caerege Grvo

STUDIO MANAGER

£5389-£5692 Farnham

For the Department of Audio Visual Studies at West Surrey
College of Art and Design, The Hart. To be responsible
under the Head of the Department, for a newly constructed
studio complex, including initial installation and
subsequent maintenance and development of colour TV
equipment. The successful applicant, male or female, will
be required to manage the day-to-day operation of the
complex ensuring its optimum use including commercial
hire, with the assistance of a team of technicians.
Candidates should hold an electronic engineering
qualification, preferably at Degree level or equivalent and
shouid also have good practical experience in commercial
TV studios or a large educational TV installation and should
be familiar with the technical and administrative problems
associated with the management of a television complex.
Application form and further details from the Chief
Administrative Officer, Mr J. Nice. Tel: Farnham
22441.

SURREY

COUNTY COUNCIL

3ALIClIX

PRODUCTION MANAGER

In line with our new building extensions and production
programme we require an experienced person to fill the
position of Production Manager.

The applicant should have had experience in the electronics
industry, preferably associated with industrial audio produc-
tion. The duties would entail the supervision of approximately
70 staff, arrange production programmes and work closely
within a management team

The appointment would carry a salary commensurate with
experience, together with a production commission. Excellent
prospects are available for full establishment in the company
for a person with drive and initiative

Write or telephone for further details and an appointment to

Audix Limited

Station Road, Wenden
Saffron Walden, Essex CB114LG

Tel: Saffron Walden (0799) 40888 (7898)

www americanradiohistorv com


www.americanradiohistory.com

WIRELESS WORLD. MARCH 1978

LONDON BOROUGH
OF HOUNSLOW

EDUCATION DEPARTMENT

TECHNICIAN

T.2/3 £3126-£3879 plus Stage
Il supplement of up to a maxi-
mum of £4 a week, required at
the Visual and Aural Aids Centre,
Hanworth Road, Hounslow. To
be responsible for the mainte-
nance of a wide variety of audio-
visual equipment involving fault
finding, repair and sometimes
modification of mechanical, elec-
trical and electronic items. It is
highly desirable that candidates
should have some experience of
language laboratory mainte-
nance, and experience in the
maintenance of video equipment
would be an advantage. Duties
will also include the ordering and
storage of spares.

Current driving licence essential.
Application forms from Director
of Education, Civic Centre
Lampton Road, Hounslow TW3
4DN. Tel. 01-570 7728, ext.
3632. Closing date: 28th Febru-
ary, 1978.

(7892)
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UNIVERSITY OF BATH
SCHOOL OF MATHEMATICS

Technician/
Trainee

A vacancy exists for a Technician to
assist mainly in servicing and deve-
loping DIGITAL and ANALOGUE
computing devices Candidates
should have at least an ONC or
equivalent qualification and consid-
erable experience in electronics and
be competent in elementary
mechanical skills

Salary in the range £2955-£3402
according to qualifications and ex-
perience.

Alternatively a Trainee aged around
18 could be appointed. Training
and day release facilities would be
provided. Applicants should have at
least 4 relevant "0’ tevels and a keen
interest in electronics.

Salary a1 18, £1824 per annum.

Application forms obtainable
from the Personnel Officer, Uni-
versity of Bath, Claverton Down,
Quoting reference number
78/12 WR.

Closing date will be February 28
1978.
7875

Several interesting opportunities have arisen with one of
Britain’s most successful electronics companies, at an
attractive rural location in new premises on the border of
East Anglia and the East Midlands. These positions offer
secure and prosperous careers, full on-the-job training on
our Client’s products, progressive salaries with regular
reviews, good fringe benefits, plus full assistance with
relocation where justified.

SYSTEMS TEST ENGINEERS

Suitable applicants will have had 1-5 years practical

experience of testing, modifying and repairing electronic
systems. A knowledge of computers, analogue and digital
electronics is required. In addition, an understanding of opftics
and photographic mechanical equipment would be an
advantage.

UNIT TEST ENGINEERS

A minimum qualification of O.N.C. in Electronics, together with

| B
| o

|

[

1-5 years’ practical experience of testing using oscilloscope |

and sophisticated test equipment, fault finding, modifying
and repairing electronic units, are the necessary parameters
of this challenging post

Please telephone or write for an application form to:
AW Tyler, Personnel Manager,

Crosfield Electronics (Westwood) Limited,

Bretton Way, Bretton,

Peterborough PE3 8YG,

telephone: Peterborough (0733) 267504,

(7897)

Crosfiekh\

A De La Rue Company

Electronics .

AT i

FREE JOBS LIST

for

FIELD SERVICE ENGINEERS

BASIC SALARIESTO
£5,000 + CAR

(7707) §

30 Windmill Street, London, W1
01-637 5551

T.V. Studio Engineer

The Road Transport Industry Training Board has in operation at its Wembley
Headquarters, a 3 camera broadcast-quality colour television studio with full telecine
and video recording facilities which includes RCA TR50-2'' also 1’ Helical Scan
systems. We now wish to appoint an experienced studio engineer to join a small team
working on the production of training and educational television programmes

Applicants, aged not less than 24 years, should have a good working knowledge of
the above equipment

The starting salary will be in the region of £5700 depending on qualifications and
experience; other benefits include four weeks' holiday. contributory pension and life
assurance scheme

Piease send relevant personal history stating how the above requirements are met
and quoting reference ZH. 553 to. Mrs. H. M. Brown, Manager. Personnel
Administration, Road Transport Industry Training Board, Capitol House. Empire
Way. Wembley, Middiesex HA9 ONG Tel. 01-902 8880

l (7925)
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PROFITBY WORKING WITH ARAMCO
INSAUDI ARABIA

£9 600
TO £13,000

TAKE HOME PAY
PERCONTRACT YEAR

COMMUNICATIONS
ENGINEERS

arerequiredinthe following 3 categories:

1. Microwave/Multiplex systems
1-11GHZ equipment 120-1200 channel
design.

. Telephoneinside plant central offices
PABX systems. ESS/step by step
design.

3. VHF/UHF land mobile marine air
ground systems.

Applicants should have at least 10 years
experience and a wide background of
consulting and system engineering
rather than manufacturing experience.

Synthesiser
Engineer

for advanced electronic
component development

The Quartz Crystal Division of ITT Components Group
Europe. one of the largest electronic component
manufacturers in the UK, is developing, producing and
marketing a wide range of high technology products and
IS @ major innovator in materials technology. The range
of products is geared specifically to meet the constantly
changing needs of industry and the Division is, there-
fore, able to offer engineers considerable scope to apply
thetr skills to advanced development projects.

This appointment, at the Company's Harlow head-
quarters, is for a creative engineer, man or woman, to
develop a range of surface acoustic wave devices,
synthesisers and crystal oscillators as applied to digital
circuitry and radio systems.

A degree is desirable but more important is good
relevant experience plus, ideally, a knowledge of
programming

An excellent starting salary will be offered plus an
attractive range of benefits including assistance with
relocation, where appropriate. Promotion prospects are
first class.

Salaries (paid net) plus local allowances, end
of contract bonus and excellent paid leave,
especially for married men. fares paid. Low
cost air-conditioned shared living accommo-
dation provided. Contracts, one year, re-
newable. Single status. Free medical care.

Write with full personal and career details to. R. J.
Coster, ITT Components Group Europe. Quartz Crystal
Division, Edinburgh Way, Harlow, Essex. Telephone:
Harlow 26811. Ext. 2562 or 2526.

Components IT T
details for an application form

quoting reference WW/2 to. QUARTZ
MANAGEMENT CRYSTAL

SERVICES LIMITED

5, East Parade, Harrogate,
North Yorkshire HG1 5LF.

Valid driving licence essential.

Interviews will be held regionally in main
centres at which you will be given all detailed
information.

Write giving brief career

(7879

Ministry of Defence
Air Force Department

DECCA NAVIGATOR, one of the R D l
Decca Group of Companies specialising in TE c H c A s
sophisticated avionic navigation systems, Nl l N

require experienced

The Ministry of Defence has vacancies for Radio Technicians to

ENG iN EERS work on RAF radar and radio equipment at

for repair and overhaul ot airborne communication and RAF Sealand Deeside Clwyd

airborne equipments. To be based West of London. Applicants must be experienced technicians in the radio field.
Applications will be considered from engineers with ex- Starting pay according to age up to £2905 per annum (at age
perience of complex Electronic equipment 25) rising to £3385 per annum plus pay supplements totalling
These positions provide a support to customers both in UK and from £443 to £522 per annum.

abroad and successful applicants may be required to travet 5-day week — good holidays — prospects of promotion —
within the UK and for short visits overseas. pension scheme.

Generous remuneration depending upon experience and Applicants must be United Kingdom residents.

qguahfications

Please write, giving details of age, experience and present Write for details to
salary, to Officer Commanding
Mis B. J. Eatly-Hunt No. 30 Maintenance Unit
DECCA NAVIGATOR COMPANY LIMITED RAF Sealand, Deeside, Clwyd CH5 2LS
Spur Road, Feltham, Middlesex (7962)

7906
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SENIOR
AUDIO ENGINEER

Dixserve, the service company within Dixons Photographic,
the world's largest retailer of Hi-Fi and Photographic
equipment have a vancancy for a Senior Audio Engineer
at our Service Centre in Camberley.

If you are a fully skilled, experienced engineer looking
for the opportunity to take on increased responsihility
and gain supervisory experience, this could be the
vacancy for you.

Reporting to the Service Manager you would be
responsible for a small audio section on a day-to-day
basis and in particular the training and development
of staff.

We'll pay you a good salary for a 40 hour week
(no Saturdays).In addition there are generous discounts
on Dixons products and all the benefits you would expect
from a large international company.

Interested? Then contact:

Bill Singleton, Dixserve Ltd.,
Doman Road, York Town Trading Estate,
\ Camberley, Surrey. Tel: Camberley 21282. , J

865

Appointments

There are opportunities for versatile Laboratory Tech
nicians, male or temale, at the BBC Equipment Depart
ment. Chiswick, todo interestingand varied work, testing
BBC designed cquipment, newly manufactured in small
batches. This equipment covers most aspects of colour
television and stereo broadcasting and includes tech-
niquesinaudie,video.digitaland radiofrequency. Suitable
technicians will have had at least one year's experience
of testing small batches of electronic equipment and will
be qualified to Final City and Guilds or O.N.C. standard
Senior Technicians will have had two years’ experience
and be qualified to FT.C. City and Guilds or HN.C.
standard.

Starting salary for Scnior Technicians is in the range
£3,535 to £3.835 rising bv increments to 44,285
Laboratory Technicians start between £3.230 and £3.490,
rising to £3.880. Less qualitied technicians may start at a
lower rate

Request for application forin to the Engineering Recruit-
ment Officer, BBC, Broadcasting House, London
WIA 1AA, quoting reference 78 E4008/\W W and
enclosing foolscap envelope. Closing date for
completed application forms is fourteen
days after publication

7862
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ELECTRONIC
TECHNICIANS

Opportunities for the experienced and some-
times inexperienced in St. Albans and Luton.
Work situations range from fault finding on PCB's
and components, to batch product testing of
equipment that utilise very advanced techniques
including microprocessors and the repair/
calibration of all manner and types of test
instruments.

Attractive salaries and, where appropriate,
relocation are offered for the right candidates.
Further information may be obtained in confidence
from John Prodger

Marconi Instruments Limited,

Longacres, St. Aibans, Herts. tel: St. Albans, 59292

% b &b &b

A GEC-MARCONI ELECTRONICS COMPANY

(7918)
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7 N
PRODUCT EVALUATION
ENGINEER

¢.£5000 p.a.

Dixons Photographic, the World's largest retailer of Hifi and
photographic equipment is looking for an Audio/Hi-FiI Engineer to
be based in Edgware, Middiesex.

We need an experienced engineer who has practical
knowledge of a wide range of audio and electronic products.

The job entails accurately assessing the specifications and
performance of new, and often as yet untried products. A close
liaison will be necessary between the Product Evaluation Engineer
and our Quality Control Department at Stevenage. Some know-
ledge of current safety specifications in relation to consumer
electronic products would be useful.

This 1s a senior engineering appointment and preference
will be given to those candidates who possess a City and Guilds
(Full Tech. Certificate), ONC or HNC qualification.

Salary will not be a restricting factor to the right candidate
We offer first class working conditions which include a contribu
tory pension and security scheme. Empioyees are also eligible
for substantial discounts on all Dixons products.

if you feel you meet our requirements write or phone now to

Ron Irving, Personnel Manager,
Dixons Photographic UK Limited,
Prinz House, 54-58 High Street, Edgware, Middlesex.

Tel: 01-952 2345 Ext. 341.
K 7907/

[Theroeompuier
Shop Tlanzoer

READING

Sintrom Electronics is a fast-growing
youny computer company based in
Reading. We market our own rapidly-
developing range of microcomputers and
also act as UK and European agent for a
number of leading American peripherals
manufacturers. '

We are establishing the first UK retail shop
for microcomputers and peripherals, and need
a young and enthusiastic manager to set up
and run this exciting new venture.

We are looking for someone with retail
management experience, perhaps in radio,
and a working knowledge of computers.

In addition, we require Assistants for this
new shop people used to retailing
electronic components.

>

Q To learn more about the post please phone.

N orwrite with
( JSINTROM [ ELECTRONICS LIMITED )~ fuliderarts
Y ofvourcareer

Q" to, Mrs. Jay Dee at
Sintrom Electronics Limited.14 Arkwright Road,
Reading Berkshire, RG2 OLS. Telephone Reading (0734) 85464

WIRELESS WORLD. MARCH 1978

Electronics
Technicians

The essence of job satisfaction for a technician must
surely be the opportunity to work on and keep up to
date with all the latest in techniques and technology.

We have vacancies for men and women to work with
our R and D Engineers on colour television and
related systems like Ceefax, Oracle and Viewdata.
The jobs entail making up experimental rigs, carrying
out validation tests, taking precise electrical measure-
ments and generally providing skilled technical
support to the project engineers.

We are looking for a blend of formal qualification and
job experience. Being long on one could make up
for being a little short on the other. For example, City
and Guilds Final in Telecomms would be good.
HND/C even better. ONC, plus several years in a
similar job could be equally acceptable. The possible
permutations of training, qualification, practical
experience and age are quite wide — all we would look
for is evidence from your career record to convince
us that you could cope with the work.

Whilst, in the first instance, engagements will
be on temporary terms, good opportunities
exist for suitable candidates to transfer to
permanent employment where this is desired.
and where conditions are mutually acceptable.

Salaries are good and vary with the jobs. Benefits
include generous sick pay and holiday entitlements,
social club, subsidised canteen, discount purchase
arrangements etc.

A satisfying and absorbing job with plenty of work
to prevent you becoming bored !

Write or phone for an application form:- George
Greaves, Personnel Officer, ITT Consumer Products
(UK) Ltd., Theaklen Drive, Hastings, E. Sussex.
Tel : 437061,

TV Radio Stereo ITT

AMPEX
BROADCAST TELEVISION
SERVICE ENGINEER

{based in Switzerland)

Ampex, a leading manufacturer of professional broad-
casting equipment, is seeking a qualified Service Engin-
eer to be based in its Fribourg (Switzerland) office.
The Engineer to be appointed will have considerable
experience in the maintenance of modern electronic
equipment. Knowledge of Ampex VTR equipment would
of course be advantageous. Some knowledge of colour
cameras, and of a European language, is desirable,
although not essential. Specific product training will be
given.
The job offers an attractive salary and the opportunity for
international travel. Applications, with C.V., should be
sent to the
Product Manager {Broadcast Products)
Ampex
72 Berkeley Avenue
Reading

7919
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Radio
Communications
Systems Planning
Engineers

RIAIC/ALL |

H.F/S.S B telecommunications techniques

Racal design a wide range of systerhs from small networks to major radio
communications projects, which include Point-to-Point, Ground-to-Air and Shore Ship
complexes. With the continued growth in demand for Racal communications systems
there has resulted a need for Engineers, at all levels, to undertake the planning of

radio systems in many parts of the world.

The Personnel Manager.

RACAL COMMUNICATIONS SYSTEMS LTD
Western Road.
Bracknell, Berks.

Communicate with Racal

RacalCommunications Systems Limited pleasantly situated in Bracknell, Berkshire.
1s a member of the highly successful Racal Electronics Group and a world leader in

The Engineers selected will be capable of accepting responsibility for the systems
frominception to final implementation, and have experience, both operatiorally and
technically, in H.F. radio systems and associated ancillary equipment. They will be
required to liaise on a technical basis with customers. at all levels, throughout the
world. and this will necessitate overseas travel of limited duration from time to time

For these positions Racal offers competitive salaries, over 4 weeks annual holiday.
and a first class pension and free life assurance scheme.

If you are interested in. and wish to be considered for these positions. please write
stating age. experience and present salary. for an application form to

THE QUEEN'S UNIVERSITY OF
BELFAST

COMPUTER
MAINTENANCE
ENGINEER

The Computer Centre

The Computer Centre provides batch and
on-line computing services to teaching
and research staff of the University. Two
1 C L machines. a 1906S and a 1904A
are operated. as well as a number of
remote jOb entry stations and minicom-
puters Equipment ma:ntained by the
engineering staff includes visual display
units. teletypewniters, graph-plotters
minicomputers, data links. converters and
acoustic couplers

pplications are invited from Mainte
nance Engineers with experience of
digital ciucuitry and its apphcation in the
device types detailed above Experience of
visual disptay unit and minicomputer
mamntenance is particularly relevant
Salary scale (under review) £2.904
£4.811 Assistance with removal ex
penses 1s available
The ahove position is open to both male
and female applicants
Application forms are available from
the Personnel Department, The
Queen’s University of Belfast BT7
1NN, Northern Ireland.

(7926)

APPOINTMENTS
IN
ELECTRONICS

Take your pick of the
permanent posts in

MISSILES MEDICAL
COMPUTERS — COMMS
MICROWAVE — MARINE
HARDWARE — SOFTWARE

For expert advice and immed
ate action on career improve
ment. ‘phone, or write to.
Mike Gernat BSc

“Technomark_

11 Westbourne Grove
Lordon W2 Q1-229 9239

BBC Engineering Designs Department requires tech-
nicians for Central London laboratories to assist
engineers with the development, construction and
testing of soundand television broadcasting equipment.
Vacancies exist both for people with experience of this
type of work and for trainees.

LABORATORY TECHNICIANS

Successful candidates will probably be in their 20's
and have a keen interest in, and a minimum of two
cars’ practical experience of, clectronics. They will
haveatleastONC or City & Guilds Part 2 orequivalent.
Salary according to qualifications and experience in
the range £3,230-£3.535 rising to £4,285.

JUNIOR LABORATORY TECHNICIANS
Successful candidates will probably be aged 18-20 and
have a keen interestin electronics. They will either be
recently qualified to ONC or City & Guilds Part 2 (T4)
standard or have started the final year of sucha course.
Salary according to qualifications in the range £2,950
£3,170. Excellent opportunities for promotion.

Requests for application forms to The Engineering
Recruitment Officer, BBC, Broadcasting House,
London WIA 1AA, quoting Reference Number
77. E. 4095/WW, and enclosing a self addressed
cnvelope at least 9”7 x 4, or telephone 01-580 4468,
Ext. 2675. Closing datc for completed application
forms is 14 days after publication.

www americanradiohistorv com

UNIVERSITY OF SALFORD

ELECTRONICS
TECHNICIAN/
ENGINEER

Required in the Department of Elec-
trical Engineering. Able on own in
itiative to design. develop and con-
struct equipment. to service and
maintain wide range of instrumenta-
tion (including minicomputers and
associated electromechanical
peripheral equipment) and to give
advice on such matters as part of
Electronic Workshop team. HNC (or
equivalent) and some years relevant
practical experience normally re
quired Desire to widen experience
essential

Salary scale: £3654-£4365 (£3186-
£3720 if experience limited) Local
Government Superannuation

Letters of application from persons of
either sex stating age. qualifications
and experience together with the
names and addresses of two referees
should be sent to the Registrar, Uni
versity of Salford M5 4WT by
March 2, 1978, quoting reference
E/190/WW

(7948)

Midland Bank Limited

TELEVISION
STUDIO ENGINEER

We have an immediate vacancy for a tech
nical engineer/operator to work with a
minimum of supervision in a non-broadcast
monochrome TV studio at our Manage-
ment College near Dorking The studio s
equipped with ancillary colour equipment
including a sophisticated electronic editing
suite

Applicants should have an interest n
electro-mechanical engineering related to
video-tape recorders, and some industrial or
commercial experience would be helpful

The job is varied and secure with a non
contributory pension scheme

Please apply in writing, giving details of age
education. technical qualifications and
practical experience, to The Manager
Audio/Visual. Midland Bank Limited
Residentiat College. Sandy Lane. Betch
worth. Surrey RH3 7AA

(7945)
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UNIVERSITY OF BATH
( \ SCHOOL OF
ELECTRICAL
ENGINEERING
TECHNICIAN
A vacancy has occurred for an
electronics technican to assist
AT

on a mobile radio research pro-
ject supported by the Wolfson

3 Foundation for a period of two

Television Centre, London voars initially.
Broadcasting House, London The duties will be primarily
. a o9 . concerned with the construc-
Regional Radio & Television Studio Centres tion and devellppmem of vﬁuf /
BBC Receiving Station, Caversham, Nr. Reading Al S SCRRE] CCkiio
Communications Department, London Applicants must be qualified at
. ) . . least to ONC or equivalent and
Studio & Transmitter Capltal PrO]ects have several years of relevant

Departments based in London C{ESEED

Salary in the range £2955-
] ) ) o £3402 per annum, according
Candidates, male or female, who must have normal hearing and colour vision, to qualifications and ex-

should be qualified, or be qualifying this year. with a degrec inelectronic perience.
engineering or applied physics awarded by a British university or polytechnic.

. ) . : ; Applicati f
Those with an appropriate HNC or HND or with a City and Guilds Full EE s Il S

obtainable from the Person-

Technological Certificate (Telecommunications) also considered. nel Officer, University of
Atstudio centres. engineers are concerned with the maintenance, and in some Bath, Claverton Down, Bath,

cases the operation, of the electronic equipment usedin the origination of quoting reference number

programmes. At Caversham they will be working on an claborate radioreceiving 78/31 WW. Closing date will

installation used for the monitoring of radio broadcasts. Shift working isinvolved be: 24th February, 1978.

with these posts for which generous allowances are paid. 7908

Engineers in Communications Department, whichis located in Central
London. are¢ involved in the maintenance and operation of modern communica-

tions equipment handling audio, video and digital signals. UNIVERSITY OF ST. ANDREWS
The Capital Projects Departments are concerned with the planning, DEPARTMENT OF PSYCHOLOGY
installation and commissioning of new equipment in various parts of the country,.
Engineers working in these dcgunmcmsqwi Ill travel away fronq basc a good deal. TEcH N ICIAN
The starting salaries for these posts are £353510 £3835 pa. in London, £3085 G RADE S5
10 £3385 p a. clsewhere. Engineer grades are currently underreview.
Requests for application forms to The Engineering Recruitment Officer, BBC, (ELEGTRO N |GS]
Broadcasting House, London W1A 1AA quoting reference 78.E.4002/WW and

N , Applications are invited for the above post
enclosing an addressed envelope atleast9” by 47 in the Electronics Workshop of the Psycho-
jogy Department. Applicants shouid have a
good electronics background together with

practical experience in the development and
construction of digital equipment and the

design of computer interfaces
The person appointed will work together

with other members of the technical staff on
7863 the development of on-line experimental
tacilities using the Department’'s two Data
General computers and a DEC GT40

Graphics Display Terminal. Experience with

small general purpose digital computers and

p————— .

e —— a knowledge of programming languages s
Multiform desirable. 1 he duties will also involve the use

—~ -~ ~~_ Electronics and maintenance of other electronic equip

== Limited ment in the Depanment

R S Salary on scale £3,186-£3.720 (Techni-
c I o c TECHNICAL MANAGEMENT ASSISTANT can Grade 5} Applications, with full details

Multiform Efecironics Lid.. design and masufaciure leiephone tine f b L
signailing equipmen and lighting Contral equipmeni. of career to date and the names of two

Wa are Iooking for an ensrgetic young engineer who wants to develop hus referees, should be sent to the Establish-
career n 2 small expanding company. Applicants shauid have BSC/HNC ments Officer, The University, College Gate.
I N TE R N ATI 0 N A L an¢ al leas! (wo years of relevant indusirial experience. The ob will St. Andrews, Fife. by February 28, 1978
(volva assistina the Maaglng Director in the techmical aspacts of the 7867
Company's acliwities. The Company is situated close 1o the Main Line -
S E va c E E N G l N E E R Raitway Station. for Convenient lravei lo Landon. Salary negotiable.
For lurther detaits and an apphication form  wrile or felefhone Mr.
Price-Smith, Managing Director {1923
ELECTRON I CS / VACU U M 22 Portugal Road Woking Surrey 150 c:,TgLs;ELg:'a%N
EQ.U I PM E NT Telephone Woking (04862) 70248 ELECTRUN'CS
We are a rapidly growing group with excellent ELECTRONICS ENGINEER to de- TECHNICIAN |
1 5 o velop and interface a micropro-
prospects, selling equipment to the electronics cessor ‘control system. Rank Film GRADE 3
N i i A Laboratories at Denham are the
and scientific industries worldwide. most comprenensive motion pic- | | L
1f1 ture and television processing e person appointed will be involve
We need a young man quahfled to at leaSt ONC laboratories in Eurgpe. We Eclur- with the development and construc-
; : . A rently need an enthusiastic ec- tion of electronic e ent f
!evel Wlth f|eld'ser\./|.ce expe”ence Of advanced tronics Engineer to play Ran imﬁ research and teacging(:)t'rgcr:;es. Thc:;
| portant part in a new +
industrial or scientific equipment. _ Conm "techatly formed to research | | 520 opporunty to gan experience i
Based In SW Engla nd he will be prOVIded ﬁ?dﬁﬁ?ulgiﬁce;};iengco;nn'ﬁmirellsélvt;%': (ajnd digital circuitry within an active
i \ ] requirements. The successful ap- epartment.
with a company car and will travel extensively e S tonly Be- s graduare | { Applicans should be familiar with
in the U.K. and abroad. with a thorough grounding in elec- standard test equipment and its use,

tronics involving a full under-
stunding of micro-processor SYys-
tems as well as hardware and

and hold relevant qualifications
{O.N.C. or equivalent).

Contact: software. A minimum of three Salary scale £2.929-£3,276 in-
- years’ experience of process con- cluding London Weighting {under
David Carr trol design is most desirable.1We review)

are offering a competitive salary .
Bernard Culverhouse of c¢. £5000 and the fringe benefits Further information and application
are in line with a successful form can be obtained from The De-
Electrotech division of an international orga- partment of Psychology, City of
nisation. To apply. please contact London Polytechnic, Old Castle
Abercarn, Gwent Miss L. Chad\\'ickL Personnel Mana- Street, London, E1 7NT, or

0 g ger, Rank Film Laboratories, Den- 1 N

Tel: Newbridge (0495) 244459 B Mibridge, Midds.  Telephone | | te'ePhone 01-283 1030, ext. 513.

9168 | Denham 2323, (7866 7870
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Appointments

£4000-£7000

Special
Systems

To meetan unprecedented growth
inourbusinesswe are looking for
innovative engineers imen or
women) who candisplay aflair for
using advanced design
techniques.

Youwilltake on alarge amount of
responsibility within small project
teams working on the design and

Computer Engineers

There are attractive conditions of
employmentand excellent carcer
development opportunities within
this expanding area of ICL.
Interested? Then write with briof
details of your experience quoting
reference WW 1679 (o Peter Christie,
Senior Personnel Officer (LDO),
ICL, PO Box 4, Icknicld Way,

L etchworth, Herttordshire, or
telephone Letchworth (04626) 2191
foran application form.

Development

manufacture of customised
computer systems. Inthe senior
positions youwould be

L ] " c l I R N N
Hertfordshlre ;’;':Jl)(())(nl? Ole Torone ormore

You must possess the ability to
design andwrite low level software
for executives, microprocessor

applications, control programs andl I t ? t' I
test |)r0i;mms. You willl beinvolved n erna |Ona
onthe design of the software and

Computers

hardware aspects of a project,
think computers — think ICL

following it through from

conception to completion {typical
timescaleis 6-12 months). This
offers awide variety ot work and
the opportunity to travel, both
within the UK and overseas.

In appropriate cases a generous
relocation package will he offered.

ENGINEERS
TEGHNICIANS

Required urgently for major U K and overseas contracts. The
following represent just some of the positions currently
available

PROJECT LEADER

TECHNICAL
SERVICES ENGINEER

(Audio, Hi-Fi/ Video)

DIXSERVE, the servicing company within Dixons Photographic

Peripheral Mechanisms

c £6500 HERTS
To provide technical support. Printers Terminals, Mag Tape
Systems. Market awareness essential

FIELD ENGINEERS

¢ $30,000 IRAN
Mini comp peripherals. Telex exp General Automation SPC
16 hardware knowledge advantage

PROJECT LEADER

c £7000 HERTS
Telecommunications exp.., familiar with P O regs and
European networks and markets X25 HDLC

PROGRAMMER ANALYST

c $30,000 iRAN
General Automation CAP 16 under DBOS Peripherals and
Telex exp. debugging training on site programmers, etc

Please telephone immediately for further details

ROXLAND TECHNICAL SERVICES LTD.
51 Beauchamp Place, London S.W.3
Tel. 01-581 3955/6 (7947)

ORoxland

UK Ltd. are expanding theirr TECHNICAL & TRAINING DEPT and
have vacancies for electronic engineers with experience of repairing
AUDIO orVIDEO consumer products
You will work directly for our technical manager and will be
responsible for
1 Technical evaluation on new products
2 Up-dating service manuals and writing technical information
for our service department
3 Preparation of technical reports
4. Assistance with quality control procedures at a high
technicaltevel
Training will be given to technically qualified engineers without
experience In these areas
We offer an attractive starting salary commensurate with the
importance of these positions
You would work a 40 hour week in a superb working environment
as well as enjoying a number of excellent fringe benefits, including
generous staff discount on a whole range of photographic and hi-fi
equipment and a suhsidised staff restaurant Contact

Janet Gearing, Dixserve Ltd,
Camera House, Cartwright Road,
Stevenage, Herts.
Tel: Stevenage 4371

S S
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Garnett College

Downshire House, Roehampton Lane, SW15 4HR

Closed Circuit
TBIEViSiO“ (Video Workshop)
Engineer

£3349-£4910

Applications are invited for this post at Garnett College which trains
qualified mature students for teaching careers in Further and Higher
Education. Duties include maintenance of television equipment in use
throughout the college, production work and participation in training.

Applicants should be qualified and experienced in the use and
maintenance of CCTV equipment.

Excellent conditions of employment. Starting salary will be dependent
on qualifications and experience. Salary includes London Weighting
and pay supplements for 1976 and 1977.

For further details and application forms

]
contact the Chief Technician at the Col-
I lege. Tel. 01-789 6533
(7927)

THE CITY UNIVERSITY

Technician

required in the Department of Electrical and Electronic En
gineering at our premises near the Angel, Islington

Applicants should have experience in one or more of the
following fields: Microwaves, Digital Systems and Microproces
sors, General Electronics. Appropriate C. & G. or O.N.C. level
qualifications are desirable but this does not exclude applicants
with adequate relevant experience; minimum age 21

Salary will be within the range £3153 to £3525 per annum
inclusive, 37% hour week, 29 days’ annual leave

To apply. please contact by letter or telephone Mrs. S. E
Simpkins, Personnel Officer, The City University, St. John Street,
London EC1V 4PB (Telephone 01-253 4399, extension 334) not
later than 31st January, 1978, quoting reference EED 78/1

(7859)

Administrations, Recruitment Division, )
N\ 4 Milibank, London SW1P 3JD. e o))

WIRELESS WORLD. MARCH 1978

Swaziland

Senior Technical
Officer

Broadcasting

The successful candidate for this post will be aged between 2
and 55 and have a C. & G. Telecommes. final certificate or

equivalent, with at least 7 years’ experience in broadcasting or

a closely allied field, three of which should have been in a
supervisory capacity. Studio experience is required and block
transmission experience would be an added advantage.

He will be responsible for the installation and maintenance of
broadcasting equipment in the studio block and/or
transmitting stations, will take charge of major outside
broadcast assignments and supervise operational and
maintenance staff.

Salary is equivalent to £4550-£6275 p.a. including a
substantial tax-free allowance paid under Britain’s overseas
aid programme. Basic salary attracts 25% tax-free gratuity.

Benefits include free passages, generous paid leave, children
holiday visit passages and education allowances, subsidised
housing, appointment grant and interest-free car loan.

The terms on which civil and public servants may be released
if selected for appointment will be subject to agreement with
their present employers.

For full details and application form write quoting
MX /802 /WD.

The Crown Agents forOversea Governments and

‘s

5

An International Manne Engineering and Construction firm requires

EXPERIENGED
COMMUNICATION TECHNICIANS

Expenience is required in most of the following areas:
1. HF SSB Transmitters up to 1KW output.

2. HF SSB Synthesised receivers.

3. Teleprinters

4. Telex error correction equipment

5. VHF FM Transceivers

6. VHF AM Transceivers

7. VHF/UHF Portable radios

These appointments will be based in Great Yarmouth but travel offshore,
periodically as required, will be expected

Contributory pension scheme, free life insurance, free hospitalisation
benefits.

For details contact in writing, or by telephone:

PERSONNEL DEPARTMENT

J. RAY McDERMOTT (U.K.) INC.

HARFREY'S ROAD

GREAT YARMOUTH

NORFOLK

GREAT YARMOUTH 57868 (7887)

Assistant
Technician

Communications

If you hold an ONC in Electrical Engineering or a City &
Guilds Intermediate Certificate in Telecommunications, BP
offers an opportunity to join its Communications team as an
Assistant Technician, working in its modern Head Offices in
the City of London

We are looking for someone aged 23 or over to assist in the
provision of teiephone, paging and intercom services
candidates should have had previous experience In
telephone maintenance or installation. Candidates who are
studying to improve their technical qualifications will be
given preference

BP offers excellent conditions of employment. generous
salary, subsidised lunches, non-contributory pension
scheme and extensive sports and social facilities

Please write giving brief details quoting reference PAT/ 7/
53011/2H, to: The Manager, Central Recruitment, The
British Petroleum Company Limited, Britannic House, Moor
Lane London EC2Y 9BU

{7893)
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INDUSTRIAL DEVELOPMENT
BANGOR (ucnw]) LTD.

ELECTRONIC
ENGINEER

An expenenced engineer with radio and
digital circuit expertise is required to join an
active group working on the development of
novel remote position monitoring systems
employing radio navigation transmissions

The engineer appointed will be concerned
with circurt development. the control of final
test procedures on production equipment;
he/she will be required to accept overall
responsibility for field trnals of both standard
and special systems

Candidates must have an appropnate 1st
or 2nd class honours degree or exceptional
alternatve quahfications and a good knowl-
edge of radio technology.

Starting point on the salary scale

experience.

Persons interested in this post should in
the first instance contact Dr. E. W, Roberts,
P Pleptir

1nd

N 9 oY
rial Development Bangor (ucnw) Ltd.,
Dean Street, Bangor, Gwynedd LL57
1UT, North Wales. Telephone 0248
51151, Ext. 758.
7873

139

Appointments

£3.333-£5 627 will be commensurate with

Service and
Test Engineers

As aircraft and clectronics
equipments become more
sophisticated and our servicing
programme expands, the need for
experienced Service and Test
Engincers increases.

At Stanmore, we are involved
in the provision of spares and the
repair, maintenance and overhaul of
a variety of British and American
airborne electronic equipment.

We need Engineers who can

It’s skilled work, calling for
sound practical experience of
radio and electronics theory, ranging
from audio to microwave and
including the use of advanced test
equipment for fault diagnosis.
Training in this field will be given
to suitable, less experienced
engineers.

The Company offers excellent
salaries and benefits together with
first-class working conditions in

well-equipped workshops. This
Unitis conveniently situated in
pleasant surroundings within easy
reach of the A1 and M1.

successfully maintain the high
standards and efficiency required
both in the aircraft and the
workshop.

MARCONI
ELLIOTT
AVIONICS

A GEC Marc oni Elec troni s Comipiaey,

ELECTRONICS
TECHNICIAN GRADE 3

required for the PHYSICS teaching
laboratories Duties include maintenance
and assisting 1n the day-to-day running of
the second-year laboratory 37 Y2-hour week
Monday to Friday 4 weeks' annual holiday

If the job sounds interesting and you’d like

to put us to the test, write with details of

experience to:

Mrs. E. Wagg,

Marconi-Elliott Avionic Systems Ltd.,

22-26 Dalston Gardens, Stanmore, Middlesex

HA7 1BZ. Tel: o1-204 3322.

Apply in wrniting with full details to The 7917

Head Clerk (Ref. 191108/WW), King's
College, London, Strand, WC2R 21.S.

Contributory pension scheme Satary on
scale £3153 nsing to £3515 (inclusive).

7877

WIRELESS TECHNICIAN
AV /TV Engineers

Applications are invited for a post of Wireless Technician in Scottish
Heathrow Hotel Conference

Home and Health Department. (The post is being re-advertised and
candidates who have already applied need not do so again.)

LOCATION: Centre
Inverness
QUALIFICATIONS: £3,800 p.a.

Candidates must hold an Ordinary National Certificate in Electronic
or Electrical Engineering or a City and Guilds of London Institute
Certificate in an appropriate subject or a qualification of a higher or
equivalent standard.

EXPERIENCE:

3 years' appropriate experience. Applicants shou!d have sound
theoretical and practical knowledge of Radio Engineering and Radio
Communications equipment in HF, VHF and UHF bands. The work
involves installation and maintenance of equipment located at
considerable distance from headquarters. A clean current driving
licence and ability to drive private and commercial vehicles is essential.

STARTING SALARY:

£2,101 (age 17) to £2,905 (age 25 or over) scale maximum £3,385.
In addition a supplement of £313.20 per annum is payable for staff
aged 18 or over (£261.00 per annum for staff aged 17) a further
supplement of 5% of total earnings subject to a minimum of £130.50
per annum and a maximum of £208.80 per annum are payable.

The Heathrow Hotel's conference facilities are among the most
modern n the country

The audio visual equipment which is highly advanced ano very
sophisticated and includes CCTV, needs an efficient, skilled team to
maintam and repair it and there are two vacancies for young skilled
engineers on the team

The engineers are responsible for the operation, maintenance and
preparation of the equipment on a day to day basis. Male or female
applicants should be aged over 20 and have had at least three years’
experience of repair and maintenance on audio visual and CCTV
equipment and should possess relevant technical qualifications

Benefits are excellent and include free meals on duty, four weeks

holiday and first-class non-contributory pension scheme

Appointment is unestablished initially but there 1s prospect of an
£

established (ie permanent) appointment after 1 year’'s satisfactory For an application form please telephone

service. N A
Application forms and further information are obtainable from % : : (.)v:a‘:,':t:,t‘:ieg?:,:xrﬂ:f;d'azf;sg2:3'
Scottish Office Personnel Division, Room 110, 16 Waterloo Place, @1’% i T Heatl?ro;fv Hounslow 'Middlesex'
Egtmg;r%h EH1 3DN (quote ref: PM(PTS)2/2/78) (031-557 2090. . . Tel. 01-897 2419 or 01-897 6363 E
Closing date for receipt of completed application forms is 8 March, 787

- ||NThe Heathrow HotelZ
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SITUATIONS VACANT

job satistaction.

DEVELOPMENT ENGINEER

ELECTRONICS-MIDLANDS

The Client Company seeks a Development Engineer to join a small team dealing in an
exciting range of new products in the electronics field
The job holder will find little constraint on his/her creativity and can en)oy considerable

Candidates should have a minimum qualification of H N.C.
Remuneration will be attractive to the nght person
Contact: ASHLEGH EXECUTIVE SELECTION
Welch Street
STOKE-ON-TRENT
{0782 413962)

(7886)

ELECTRONICS ENGINEER

required for research and development in
sound recording. portable power and
hghting equipment for the Film and TV
Industries

The engineer will be responsible for
developing new ideas — including his
own — from cirCuit sketch to early pro-
duction

Qualifications necessary will be an appro-
priate degree or HND with a mimmum of
two years' relevant expenence

We are small but growing fast. If you
qualify for the job come and grow with us
Ring Ken James/Nigel Gardiner on
01-542 1171, 7913

CAPITAL APPTS,
FREE LISTS

101 Design/Development
and Test Jobs

il SE.
‘Hopuey

Permanent and Contract

To £6,000

29, Wi
e

7708

637 5557 day:636 9659 eve.

South London Manufacturers of Quality
Amplhification require

AUDIO & LIGHTING
DESIGN ENGINEER

{with some management duties) Music
trade background essential, able to work on
own initiative. Age 25-40, to join a with-it
team Good salary and prospects Apply in
writing to Managing Director, TUAC Ltd.,
119/121 Charlmont Road, London,
SwW17 9AB.

7881

ELECTRONICS ENGINEER

graduate level to help in design and testing
of audio and broadcast equipment 1n a small
company A young, practical enthusiast able
to orgarise and take responsibility would be
particularly suitable. Apply 1in wnting with
details of qualifications and experience to
Trevor Brook, Surrey Electronics, The
Forge, Lucks Green, Cranleigh. Surrey,
GU6 78G.

7880

CHRISTIE HOSPITAL AND HOLT
RADIUM INSTITUTE. Regional
Department of Medical Physics and
Bioengineering. Medical Physics
Technician (Electronics) Grade III.
An Electronics Technician is re-
quired for this Department to be
employed on repair. planned pre-
ventive maintenance and calibra-
tion of patient-oriented and labora-
tory equipment serviced by the
Department, and test gear used by
the Department; there may also be
some development work. After an
initial training period, technicians
will be required to work with mini-
mum supervision. Applicants should
hold ONC or HNC or higher quali-
fication and at least three years'
relevant experience since qualify-
ing. Starting salary £2,931 (plus
£458 supplements) rising to £3.843
(plus £504 supplements) by 7 an-
nual increments. A higher starting
salary may be payable to tech-
nicians having experience substan-
tially above the minimum require-

ments. Further details from the
Chief Technician, Technician Ser-
vices Unit, Mr K. A. Nelson.

Application forms obtainable from
the Sector Administrator Christie
Hospital and Holt Radium Institute.
Wilmslow Road, Manchester M20
9BX, Ref 78/5. (7888

VYIDEU TECHNICIAN - Manager re-
quired. Apply in writing to Video
South Ltd. 101 Eden Vale Road,
Westbury, Wilts BA13 3QD. (7942

ARTICLES FOR SALE

LINSLEY-HOOD 75 watt power amp
modules_ fully built and tested.
from £13.50 each. Linsley-Hood 75
watt amplifiers constructed and re-
paired. Brand new, guaranteed.
spares by return. BDY36 £1.85.
BD529 55p, BDS530 55p, BF258 40p.
BFR39 30p, BFR79 30p .Interference
suppression kit, with instructions,
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ARTICLES FOR SALE

SEMICONDUCTOR
CIRCUIT DESIGN

VvOL. V

by Texas

Price £9
ACTIVE FILTER COOK
BOOK by D. Lancaster.
£10.85.

1.C. TIMER COOK BOOK by
W. G. Jung. Price £7.50
HANDBOOK OF LINEAR
INTEGRATED ELEC-
TRONICS FOR RESEARCH
by T. Hamilton. Price £15.

BUILT YOUR OWN WOR-
KING ROBOT by D. L Heiser-
man. Price £3.70
MICROPROCESSORS &
SMALL DIGITAL COM-
PUTER SYSTEMS by G. A
Korn. Price £18.90

LOGIC DESIGN PROJECTS
USING STANDARD I.C.s by
J. 8. Wakerley £5.00

TOWER'S INTERNATIO-
NAL TRANSISTOR SELEC-
TOR by 7. D. Towers 1977.
Price £5.00

HYBRID MICROELEC-
TRONICS by T. D. Towers.
£8.00

* Prices include postage *

THE MODERN BOOK CO.
SPECIALISTS IN SCIENTIFIC
& TECHNICAL BOOKS
19-21 PRAED STREET
LONDON W2 1NP
Phone 723 4185
Closed Sat 1 p m. 44

EXCLUSIVE OFFER

HIGHEST QUALITY 19"
RACK MOUNTING CABINETS

Uver 60 types available Irom 127 to 90 igh

Also twins triples & consoles Below are only & few
types Please send (or 1uil Iist

Ret Ht Width  Depth'” Price
PE 10 21 13 £10.00
Lt nd 2 18 £20.00
T 64 25 26 £45.00
Sc 71 25 26 £50.00
PT 72 20 21 £20.00
TL 75 F& 21 £20.00
ST 85 22 23 £70.00
Ratal cabmets tor RA 17 117 £30.00

AUDIO AND INSTRUMENTATION-
TAPE RECORDER-REPRODUCERS

= Plesses 1D Digital Unats 7 (nu Ki:
4 Plesses MO0 Digital Lnic 7 v uk\ H
» Ampex FRTTHL 6 speeds \'IHO .
« Ampex FRA00 3 peeds, 7 racks 'z
= DRT RV A speeds dirackste
® | VTR0 2 speeds Tieack 'z
= EMIBIRE | apeed Tirack's
w PMIRIG 2 speeds, 2tracks s
w Vincom CMP T 6 specds T tracks 'y st
* Levvers Rich DA 2P 2 speeds 2tracks 14y
» Leevers Rich Console 2 track o 2 speeds
Prices of above £70 to £500
Alser Transpart Decks only deadable
Moe have @ large quantiiy of - bits and preces we
Cannot st — phedse send us y our requirements. we
can prababl help — all enquiries anwered

£1.45. Inclusive prices, post and
packing free. SAE for list, 1. G.
Bowman, 59 Fowey Avenue, Tor-
quay, S. Devon. (7889
SPEAKER CABINETS. Natural teah
veneer. In K.D. form. Fully
finished. Immediate availability.

8000 O/s 113 x 74 x 5 Single at £2
each. 5500 O/s 15 x 10 x 7 Two-
way at £3 each. 5000 O/s 18 x 11 x 7
Three-way at £3.50 each. All prices
ex-works (excl. VAT) for lots of
1000 or over. Apply to: J. A Cant,
Hallam Group of Nuttingham Ltd..

SCOPES TEKTRONIX 531 with 52/

53A plug-in £175 or 52/53G £3175.
Marconi 1330 £55. All working.
Carriage extra. Phone: Colchester
63809. (7933

LAB CLEARANCE OMB
frequency counter,
multi-function with

745 digital
professional
extras. Mint

condition, unused. Good offer over
£75 secures. Tel. Tonbridge 354311
17932

ELECTRONICS, inspector preferably
with test experience wanted for
small batch production of printed
circuit boards. Age under 30. Sal.
neg. Ring Alderham Ltd, 01-671
2488. (7928

TEST / ASSISTANT DEVELOPMENT
ENGINEER. HK productions is a
small but go-ahead company pro-
ducing photographic and graphic
artg equipment. An enthusiastic
engineer possessing a good work-
ing knowledge and at least two
years experience of d.c. analog
and Jlogic circuits is required to
test and calibrate electronic
systems. The position offers the
opportunity for circuit design and
development to an engineer quali-
fied to H.N.C. level. A knowledge
of photomultipliers or semiconduc-
tor detectors is an advantage but
not essential. Salary according to
experience, Application in writing
to Mr S. W. Bugbee, HK Produc-
tions Ltd.. Al Ringway Bounds
Green Industrial Estate, London
11. (7938

Langley Mill, Nottingham. Tel:
Langley Mill 66141, Telex: 377768.

(7891 PREFORMING of free 1ssued re-
sistorg or, of our competitively
priced Errie carbon film 5 per cent

oY - MOBE _REBU-"'D'NG? : W<e resistors at highly attractive rates.
specialise in supplying the widest | »3"h 00 yyrnround, (0223) 54093
range of Electron Guns, Parts and . d929
Tube components backed by the
fullest Technical advice on all
aspects of Rebuilding. Ask for our
literature, for competitive prices. .
widest range. best service, — SEA-KEN 6-channel V.H.F. Muarine
Griftronic Emission Ltd, 4 Bishop- l-watt transceiver £139. HY-SEAS
ton Lane, Stratford-upon-Avon. 6-channel V. H.F. marine 1l-watt
warks. Phone 07589-66831. (7869 transceiver, £149. (Both titted
channels 6 and 16). YAESU FRG-7
communication receiver .5Mhz to
HALLICRAFTERS Frequency Syn-~| 50Mhz. AC mains. battery or 12V
thesizers Ex-USAF, 2-34 MHz in D/C operation — covers MF/HF
25Hz steps, variable r.f. ouput to AM/SSB marine frequencies, £145
5 volts. IMHz and 100kHz frequen- ¢Digital version, £180). All plus
cy standard outputs. Circuit 124 per cent VAT. (Send large

diagram and technical information
supplied, £30. New plug-ins for
CD1212 'scopes. Dual-beam 24 MH:z
CX1252 £25. Single beam 40 MHz
CX1251 £15 Marconi h.f. Spectrum
Analyser QA 1094 100 Hz/30 MHz
with low frequency plug-ins, work-
ing., £95. Also one only low
frequency plug in for above, £35.
Wide range miscellaneous 1nodern
electronic supplies. Callers wel-
come. Closed all day Tuesday.
Skiptun Electronic Supplies, 29
Keighley Road, Skipton, Yorks.
Tel: 0756 4397. (7900

S.A.E. for leaflets). Lee Electronics.
400 Edgware Road. Paddington.
(7943

All gur aerial equipment is
professional MOD quality

« EMI R-301 Tape Recorders £40.00
# Racai SA Counters. Several types. P.U.R.
* Uniselectors. 10 Bank 25-way £3.50
« Solartron LM 1420 D.V.M's .. .. £140.00
* Marcon1 O A/1094A Spectron Analysers £190.00
« 40ft. Sectional Alumimum Masts. comple(e £55.00
+ Racal MA.79 Universal Drive Units 50.00
» Racal RA-17P Receivers (new) £950.00
» Tone Coded Voice Frequency Tels P.U.R.
» Rhode & Schwarz ESM Tunable VHF Receivers

30/180 M/cs & 180-300 M, ¢s £285.00
# Rhode & Schwarz HFH Fneld Strenglh HF Loop
Aenals an £140.00
» Narda 54 I-req meters 200,500 M/cs . .. Maoo
+ Cossor CT454 Electronic Volt ohm meters . £50.00
« B&K 2409 Electronic Multimeters .. .. £55.00
* Multi-purpose Trolleys with Jacks 19”x 17 £16.00
*
-

Racal RA-17L Recevers .. ..
Rhode & Schwarz fibreglass HA Dlverslly Dlpoles
lon. .. £120.00
» lon pump power supply E H T

* SE4/2B CRTs 5

* SE5/2ACRTs . ..
» 3AZP/2 (DMN/9/11) CRTs .............
* EM.I Documents CCTV Outfit .

* Advance 3KVA CV Transformers
# Grainger HF Log Aperiodic Aenal . ... .. P.UR.
+ Metal V D.U. Tables 30" x 36" x 30" ... £24.00
« Dawvian Logic Testers . ... . ..... £20.00
» General Radio Strobotacs . . . £30.00
MANUALS

W have o quantits of Technical Manuads ot

flectrome Fquipment not photostats 1930 U

1960 Bunsn and Amencan No bists b aguirtes

v ited
» Data Efficiency Respoolers 240v .. .. .. £28.00
« Belling Lee 100 Amp Interference Filters . £76.00
* Airmec 702 Sig. Gen. 30/300KCS .. £35.00
» Oscilioscope Trolleys from . £12.00
» [ BM. Video Display Unitsd col .. £48.00-~
» Autophon VHF Receivers 20/120mcs £140.00
« Solartron CD 524 Oscilluscopes . £90.00
* AVO VT Voltmeters CT-471A £75.00
« Racal MA197B pre-Selectors . P £85.00
» Collins 500 watt 2/18 mcs_Transmitters £1000.00
» Collins KWT6 SSB 500w Transceivers 1250.00
* Collins KWT6 200 m/w AM Transceivers £750.00
* STC Rx5 2/25 mcs Recewers Diversity £140.00
« Rack Mounting Operator Tables £10.00
# Gaumont Kalee 564 Flutter Meters 75.00

* Hewlett Packard 618B Sig. Gen. 38/7‘2 GHz £120.00
* Rohn 95ft masts lattice 12" sides .. P.UR.

« 30ft Lattice Masts, 14" sides 5 £55.00
* 15ft Latuice Mast sections. 127 sides £35.00
 120ft Latuce Masts. 157 sides P.U.R
* 75/90ft Sky Towers. self-supporung £475.00
» Heavy Aenal Rotators . P.UR
* 75ft Aluminium Latuce Masts, 20” sides . £400.00
» Rhode & Schwarz SBR sig gen. 1.6/24 gmc  £470.00

» Large Aenal Turning Units o . P.UR.

» 45 feet Uniradio 4 Co-ax 50 ohms . . ... E2.00
# Baluns Professional Exterior 600/75 ohms £6.00
« Addo 5/8 Track Tape Punches ... £48.00
* Quality Weather Vanes 8 contacts (unused) £25.00
* Racal MA-175 1 S.B. Modulators (new) £45.00
+ Imshide Cabinet Shelf Shders l'.3.00

« Tally 5/8 Track Tape Readers 60cps . .
= Tallv 5/8 Track Tape Readers Track Spoolmg “5 00

W hav e quantiny ot Power Transtormers 230
watts to TRV A wt valtages up to KN Best
gualiny at s prices Lists ay alable
w Rl RA G SSB Adgpiors new £70.00
w sl KA 2T LW Convetters new £70.00
* Katar RY 295 LS H o Transistonsed ©omverters
(new ) £120.00
W have a vaned assartment ot gndustoat omd
protessional Cathode Ray Fobes avatlable Listun
Teyuest

ELECTRONIC INSTRUMENTATION.
[f you are interested in the buying
>r selling of good quality used
Electronic Test Instruments. ring
Reading 51074, Martin Associates
and converse with our Sheila
Hatch whao will deal promptly
with your enquiry. (7815

PLEASE ADD CARRIAGE AND
V.AT.

P. HARRIS

ORGANFORD
DORSET
BH16 6BR
BOURNEMOUTH (0202) 765051

Cusn
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ARTICLES FOR SALE

LAMPS

SWITCH, TELEPHONE,
MICRO-MIDGET, AND
SMALL INDICATORS.

COMPONENT
SERVICES LTD.,

South St., Hertford,
Herts. Tel: Hertford 57766

(7843)

ACCURATE
RELIABLE .-

.@«

Private enquires. um:/ 13p 1 stamps for brochure

THE QUARTZ CRYSTAL CO0.LTD.

Q.C.C. WORKS, WELLINGTON CRESCENT
01-942 0334 & 2988

NEW MALDEN, SURREY

SOWTER TRANSFORMERS.

FOR SOUND RECORDING AND
REPRODUCING EQUIPMENT d
We are suppliers to many well-known companies
studios and broadcasting authonties and were
estab' shed in 1941 Easly debveries Compettive
prices Large or small quantties Let us quote
SOWTER TYPE 3678
A recent release
MULTITAP MICROPHONE YRANSFORMEFL
Pnmary wlndlngs for 600 ohm 200 ohm and 60
ohm with Secondary loadings from 2K ohm 1o 10 K
ohm Frequency response plus/ mhus " dB 20 Hz
to 25 KHz Contamned n well finished Mumetal hox
F3Imm diameter by 22mm high. with colour coded
and leads low distortion DELIVERY (sman
quantittes) EX-STOCK HIGHLY COMPETITIVE
PRICE FULL DETAILS ON REQUEST
E. A. SOWTER LTD
T and D
7 Dedham Place, Fore Street
Ipswich (P4 1JP. Tel. 0473 52794

7269

‘p/p 95p. Cross Hatch Unit,

THE FABULOUS D2
MICROPROCESSOR EVALuATION
KIT FROM MOTOROLA
Featuring "24 key keyboard ‘Seven segment
display ‘Cassette interface "Erom & Ram
Expahdable ‘Interface Capability ‘Fult Do-
_cumentation ‘5 Volt power supply required
‘One year’'s FREE membership of The
Amateur Computer Club with every
purchase” £176 + £1 50 P&P + 8% VAT

ENAMELLED COPP&R WIRE

SWG 8 oz 202
14:19 260 140 66‘ 55
2029 280 160 [ 85 I 65
30-34 300 170 95 70
3540 335 190 1 110 79
40-43 450 250 <190 125
4446 500 300 210 165
a7 800 500 300 176
48 1500 900 600 330

Tinned Copper. Even Gauges 14-30 £3 per
Ib Multicore 60/40 Solder 18SWG £3 24
per Ib. Prices include P&P and VAT
SAE brings list of copper and resistance
Wires
THE SCIENTIFIC WIRE COMPANY
PO Box 30 London E.4 (7771)

WE PURCHASE ALL FORMS
OF ELECTRONIC
EQUIPMENT AND

COMPONENTS. ETC.
SPOT CASH -

CHILTMEAD LTD.
7.9, 11 Arthur Road
Reading, Berks.

Tel. 10734) 582 605

MINICOMPUTERS
PERIPHERALS
INSTRUMENTATION

For fastest, better CASH offer
Phone:

CHILTMEAD LTD.
Reading (0734) 586419

COLOUR, UHF AND TV SPARES.
TELETEXT 77 IN COLOUR. MANOR
SUPPLIES ' EASY TO ASSEMBLE "
KIT, Including TEXAS Decoder.
Aerial Input, completely external
unit, no further connections to set.
Full facilities, mixed TV pro-
gramme angd Teletext, Newsflash.
Update, and many special features
not found 1n other units. Demon-
stration model in operation at 172
write for further information,
NEW COMBINED COLOUR BAR
GENERATOR PLUS CROSS HATCH
KIT (Mk4) UHF Aerial input type.
Eight vertical colour bars plus R-Y,
B-Y Luminance combinations, Grey
scale etc. Push button controls,
Battery operated. £35*. Case £2.40°,
Battery Holders 78p*, p/p £l.
CROSS HATCH KIT, UHF Aerial
input type, also gives peak white
and black levels, Batterv operated,
£11* p/p 45p. Add-on Grey Scale
kit £2.90* p/p 35p. Add-on Colour
Bar Kit (Mk 3) £25*. Cases £1.40°
com-
plete and tested in De Luxe case
£18.00* p/p £l

' Wireless World '~ TV Tuner and
FM Tuner Projects by D,  C. Read.
Kits of parts available. CRT test
and reactivator kit for colour and
mono £18.80* p/p £1.20. UHF Signal
Strength Meter kit £18* p/p 90p.
625 TV [F Unit for Hi-fi amps or
tape recording £6.80 p/p 70p. Decca
Colour TV Thyristor Power Supply
Unit, incl, H.T. L.T., etc. Incl. cir-
cuits £3.80 p/p £120° Bush CTV 25
Power Supply Unit incl H.T., L.T..
etc. £3.20 p/p £1.20. Bush CTV 25
Convergence Pane] plus yoke. blue
lateral £3.60 p/p 99p. Phif]ips Single
Standard Convergence Units com-
plete, incl. 16 controls £3.75 p/p
85p. Colour Scan Coils, Mullard or
Plessey, £6 p/p 90p, Mullard AT
1023/05 Converg. Yoke £2.50 p/p
75p. Mullard or Plessey Blue Later-
als 75p p/p 35p. BRC 3000 type
Scan Coils £2 p/p 90p. Bush CTV
25 Scan Cuils £2.50 p/p 90p. Delay:
Lines: DL20 £3.50, DL40 £1.50.
DLIE. DL1 85p p/p 45p. Lum. de-
lay lines 50p p/p 40p. G8 Tripler
£6. BRC 300 Tripler £6.60 p/p 75p.
Others available. Philips G8 De-
coder part.complete. £2.50 p/p 75p.
GEC 2040 Ex-Rental Panels, De-
coder £5.00. Time Base £5.00. p/p
90p. VARICAP TUNERS, UHF: ELC
1043 £4.50, ELC 1043/05 £5.50. VHF:
ELC 1042 £4.80. Philips VHF £3.80.
Salvaged UHF & VHF Varicaps
£1.50 p/p 35p. SPECIAL OFFERS:
6 Psn Varicap Controyl Unit £1, 7
Psn De Luxe Control Unit £2.50,
p/p 35p. UHF Transd. Tuners incl.
slow motion drive £3.80. 4 Psn and
6 Psn. Push button transd. £4.20
p/p 95p Helical Pots 100K. 4 for
£1.20 p/p 30p. Thorn 850 Dual Std.
Time Base panels 50p. Philips 625
IF panel incl. cct. 50p p/p 70p.
VHF Turret Tuners AT 7650 for KB
Featherlight, Philips 19TG170, GEC
2010 etc. £2.50. Firebal] Tuners,
Ferguson, HMV. Marconi 80p. p/p
all tuners 80p. Mullard Mono Scan
Coils for Philips, Stella, Pye. Ekco,
Ferranti. Invicta £2.00 p/p 85p.
Jarge selection LOPTs, FOPTs
available for most popular makes.
MANOR SUPPLIES. 172 WEST END
T.LANE. LONDON, N.W.6. Shop
Premises, Callers welcome. Thou-
sands of additional items available
not normally advertised. (Nos, 28,
159 Buses or West lHampstead.-
Bakerloa Line and British  Rail).
Mail Order: 64 Golders Manor
Drive. London N.W.11, Tel: 01I-
794 8751 V.A.T. Please ADD 1247
TO ALL PRICES (EXCEPT WHERE
MARKED® V.AT. &/, © (RN

BOXES

panels

METERS

require new scale

SWITCHES

Piessey 30 way 2 pole

CHOKES

res

POTS

S3+4%

Miniature rotary 3-pole C/0O complete . .

Carbon 250Klin 21/2 spindle .

W Wound 10K 2 watt 1/2in spnndle o
W Wound 500 ohm 1 W 1/2 spindle . .
10 TURN mechanisms, satin silver/black knob £1.00

LIMITED STOCK
UNUSED COMPONENTS

Datum Inst. Cases 5+51/2+48, complete front/back

£1.50

Sifam 3+ 3 clear bezel 250nA, nom Res 5.5 ohm,

£2.00

50p
£2.00

Push buttons 3 way 2 pole C/O per way non latch

. . 50p

Elstone smoothing chokes, 20H at 80m/a 600 ohm DC

50p

25p
15p

Cash with Order. Add 8 per cent VAT
Postage in UK 30p; EXTRA OVERSEAS

SYCOPEL SCIENTIFIC LIMITED

39/40 HUTTON CLOSE, CROWTHER
WASHINGTON, TYNE AND WEAR
Telephone: 0632 465834

7903

60KHz MSF Rugby Receiver. BCD
TIME OF DAY OUTPUT. High per-
formance, phase locked loop radio
receiver, 5V operation with 1
second LED indication. Kit com-
plete with tuned ferrite rod aerial
£14.08 tincluding  postage and
VAT). Assembled circuit and cased-
up version also available. Send
for details, Toolex Sherborne
(4359). Dorset. (21

VALVES RADIO — T.V.-Industrial-
Transmitting. We dispatch valves
to all parts of the world by return
of pust air or sea mail. 2,700 types
in stock. 1930 to 1976. Obsolete
types a speciality. List 20p. Quota-
tion S.A.E. Open to callers Monday
to Saturday 9.30 to 5.00. Closed
Wednesday 1.00. We wish to pur-

chase all types of new and boxed
valves. Cox Radio (Sussex) Ltd.,
Dept WW, The Parade, East Witter-
ing, Sussex P020 SBN. West
Wittering 2023 (STD Cade 024366).

(5392

QUARTZ CRYSTAL
UNITS from

® 10-300 MNI
@ FAST DELIVERY
@ NIGN STABILITY
® TODEF 52714

. EL HYTHE 84896
STD CODE 0703

WRITE FOR
LEAFLET AT 1

McKNIGHT
CRYSTAL Co. Ltd.
MARDLEY INOUSTRIAL

ESTATE MYTHE
SOUTHAMPTON S04 627

VHF/UHF MONITOR RECEIVERS.
air. marine and businessg bands. all

crvstal controlled. from £50. Send
15p PO, not stamps. Radiso Com-
munications Ltd. St Sampsons.
Guernsey, C.I. (7739

WE INVITE ENQUIRIES from any-

where in the world, We have in
stock several million carbon resis-
tors 4. 1, % and 1 watt. % million
wire wound resistors 5 and 10 watt
— 1 million capacitors — 1 million
electrolytic condensers — 4 million
transistors and diodes, thousands
of potentiometers, and hosts of
other components. Write, phone or
call at our warehouse. — Broad-
fields and Mayco Disposals Lid.,
21 Lodge Lane. North Finchley
London, N.12. 01-445 0749. 445 2713.

(5907)

D a
(6044)
TRANSISTORS HORIZONTAL
acio7 9p BYI27 100 pRESEY
BCI18 12p IN645 119 ) Megohm 0 25w
BC132 10p 15940 3p |
8L2048 g9p BRIDGE WIREWOUND
BC348 t0p RECTIRE RESISTORS
8C351 11p 15805 (17500 170 35 axral Leat. 0 210
80131 36p THYRISTOR 22 Ohms 12p
80205  £1 8D BITIO6 ELI0 5w Radial Lead. 0.47
8208 £190 LINEARLC. to 10K Onms
MEIDTS gp {16 pa D) 10w Aual Lead. 33
TIP29 39p M52 B1 AN[RRYAN 1y o gpmg  gp
XKI152 g Gemerator) €700 g5 gy ey |
ITx2128  |1p CAPACITOR 10226 Ohms 11
271x502 12p  (Mixed dieleciric|
2N2647 908 0 1/600v Sp

Min order £2 p&p 20p All prices include VAT
Exporl and Whaolesale enquiries welcome
K & A OISTRIBUTORS. 9 ST. PETER'S ST.
SYSTON. LEICESTER

M/order only

(r93s)

TRANSFORMER
PROBLEMS?

1VA-1KVA Prototypes in 7-10

days
06076-66716

Phone Vince Sellar on

TRENT TRANSFORMERS LTD
Chapel Street
Long Eaton, Nottm.

7909
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¥ ENAMELLED COPPER WIRE

sw.g 1ib reel Yalb reel
101019 £2.95 £1.60
2010 29 £3.156 £1.80
30 w0 34 £3.45 £1.90
3510 40 £3.65 £2.10

All the above prices are inctusive of postage
and packing g UK

COPPER SUPPLIES
102 Parrswood Road, Withington,
Manchester 20
Telephone 061445 8753

* Ak kR k ARk Kk k Kk

golifrex

ELECTRONIC VOLTAGE REGULATORS
FOR CAR ALTERNATORS
@ Operating Range: ~50 'Cto +85 C
@ Full Warranty for § years |£9.30)
@ Available tor most cars, send $19.95 to

SOLID STATE OEVELOPMENT COMPARY
£.0. Box 108, Clarkson Postal Stalion
Mississauga. Ontario. CANAOA. L5J 3X9

NANAAAXNERXN

Xk % %k k Kk Kk Kok
KX X ¥NEXNE

WANTED IN
LARGE
QUANTITIES

Electronic components. resistors
capacitors, potentiometers, chassis
loudspeakers. semi-conductors
diodes, TV tubes. especially colours
etc., etc . etc. First or second grades
Finished or incomplete products
record players, amplifiers, radios
tuners, tape recorders. enclosures
etc . etc.. etc
We will buy complete factories and
pay cash
TEL.01491 4636
E.C.E. AVON HOUSE
360/366 OXFORD STREET
LONDON, W4 (7950

¢ ===
NEOPRENE SHEET, RUBBER AND
PLASTIC EDGING, WINDOW RUB-

1

* MINICOMPUTERS
* PERIPHERALS
* INSTRUMENTATION

For fastest, best CASH offer, phone

COMPUTER APPRECIATION
Godstone (088 384) 3221

ARTICLES WANTED

all types of scrap and

REDUNDANT
ELECTRONIC &
COMPUTER
MATERIALS

| with precious metal content
—_—

TRANSISTORS
& PRINTED
CIRCUIT BOARDS
TO COMPLETE
COMPUTERS

THE COMMERCIAL
SMELTING &
REFINING Co. Ltd.
171 FARRINGDON ROAD
LONDON, EC1R 3AL
Tel: 01-837 1475
Cables: COMSMELT, EC1
Works: FLECKNEY. Nr. LEICESTER

{7922)

7677

TURN YOUR SUPLUS Capacitors.

WANTED recordings pre-1939
wireless broadcasts especially of
dance bands and jazz. Hag anyone
got any? Walker, 264 Broadway

WIRELESS WORLD, MARCH 1978

COURSES

M.Sc. COURSE
IN ELECTRICAL
ENGINEERING

with specialisation in any one
of the following:
Electrical Machines
Electricat Machines and
Power Electronics
Communication Systems
Electronic Instrumentation
Systems
Control Engineering and
Digital Electronic Systems
Design of Pulse &
Digital Circuits and
Systems
The Course, which commences
in October 1978 may be taken
on a Full Time, Sandwich or
Block Release basis, and is
open to applicants who will
have graduated in Science or
Engineering or who will hold
equivalent qualifications, by
that date. The Science Research
Council has accepted the
Course as suitable for the
tenure of its Advanced Course
i Studentships.
A Dipioma Course in some of
the above topics or in Power
Systems is also open to
applicants with the above or
slightly lower qualifications.
Research in Electrical
Engineering
Applications are also invited
from similarly qualified persons
who wish to persue a course of

BERS. Write or Phone List MELFLEX, transistors, etc., into cash. Contact | North, Walsall. (7902 research leading to the Degree
. COLES-HARDING & Co. 103 South of M.Phil or Ph.D in any of
934 Wimborne Road, Bournemouth. Brink, Wisbech, Cambs. 0945-4188. the above topics & i
Tel: 0202 527934 Immediate settlement, We also wel- | WIL _BUY ANYTHING, any quan- Electroheat.
(7844) come the opportunity to quote for t\{'t‘)lrleétf _l"‘lh';e is right. }I]{mg Stan Application forms and further
complete factory clearance. (7439 B S; est Bromwich, 02}>553 particulars from the Head of
. 7813 the Department of Electrical
Engineering (R?f:M.Sca) The
Universit o Aston in
'SroEl(sj'l seﬁgufl:rnfl:‘;entb(}?s%m}: Ia:d B.D. ELECTRONICS offer prompt | wANTED semiconductors and clean éirmingham,
80 Wheatland Lane. Wallasey. Mer. settlemen for surplus electronic | new components. Quotations by Birmingham B4 7ET.
sevside. 051 639 9127 T (7936 | components, l.v./audio spares are |return. Hewilts, 9 St Peter's Street, (7874)
3 ! * of particular interest. Contact Miss | Syston, Leics. (7934
Hughes, 9 Westhawe, Bretton.
= Peterborough. Tel 265219. (7632
WANTED. All types Pye radio tele-
PROFESSIONAL electronic sur- %h?neh equi?gl‘eng Tdop pg;ggsspgslgs
veliance equipment. Enquiries, 01 elephone ambridge 6
g J 7930 | WE PURCHASE, FOR CASH the | ar 50668. ) (7944
following: R. F. Power Transistors.
Varactor Diodes, and all special
components normally used in VHF/ | ELECTRONIC SCRAP, components,
) UHF Transmitting equipment. | etc. Receivers, transmitters. test
PYE TELETUTOR Viewfinder | MODULAR ELECTRONICS, 95 High | equipment wanted. Ferrographs | RADIO and Radar M.P.T. and
Camera with Control Unit and | Street, Selsey Sussex. P020-0QL. | from £15 in stock. Contact M. & B. C:G.L.1 Courses Write: Principal,
Vinten. Pedestal, V.E.L. 4 Channel Tel. Selsey 2916. (7696 | Radio. 86 Bishopsgate Street, Leeds Nautical College, Fleetwood FY7
Mono Effects Unit. 3 Rediffusion 1. Tel. Leeds 35649. (7933 | 8J2 (25
Stirling Monitors. 2 Barco CRM2608
Colour Monitors. Offers to: Paisley . r - I
College of Technology. Educational WANTED, all types of communica- WANTED COPY A C. Bridge
Development Unit. High Street, | tions receivers and test equipment. | Methods” by Hague und Foord
Paisley PAl 2BE. 041-887 1241, Details to R. T. & I. Electronics | Pitman 1971. — Box No. WW 7941.
N (7901 Ltd., Ashville Old Hall, Ashville | 17941
Rd. London, E.11. Ley 4986. (63 l
o 3 THE DALESFORD SPEAKER BOOK
) SERVICES i BY R.F. C. STEPHENS
LARGE QUANTITY CTV, mono. WILL BUY ANYTHING, any quan- p— N Thr:stboc?: lsl_aa(egtiztcr:gglégi El;leir;pr;oa{(r:
audio panels. Triplers. 1.C.'s. tity if price is right. Ring Stan constructor
Transistors, Cans. Sp%cial resistors | Willetts, West Bromwich, g021-553 EURO CIRCUITS designs. Contains full pians for infinite batfle
etc. Most panels new BEAB boxed. | 0186. (7813 Printed Circuit Boards Master and reflex designs for 10-100 watts. aléo

Offers, lot or split, Tel: 01-546 5081
after 6 pm. (7899

tact David Pickett, Electrocraft
Consultants Ltd., Liss Mill, Liss.
Hants. Liss 3444. (7890

WANTED — Cintel Phase Correctors
Types A/75 and B/75. Please con-

- Photography Legend
printing Roller tinning Gold
ptating — Flexible films — Convention

ab fibre glass — No order too large ot

Fast turnround on prototypes
7669

lavouts

small
All or part service avalable NOW

EURO CIRCUITS TO.

unusual centre-bass system for those who
want Hifi to be “heard and notseen’” £1 95
{£2.20 post paid $5 Overseas')
VAN KAREN PUBLISHING
5 SWAN STREET, WILMSLOW
CHESHIRE (7506)

Hightfield House
West Kingsdown

Y | " htlctions any British TV
HRO Rx5s, etc.. ARS8, CR100 EQUIPMENT WA for £4.50. Circuit Diagram on re-
?‘l:géoon GTZOQ& 5164%1%":?6}1155‘“-“11" — quest; details unique bonksd.e.g.
o S A0 : ’ ©} . TV circ. -diag.
Ashville Old Hall, Ashville' Rd., | MTBF lhavyeorgtmsgr.ls&).Bgltgf)h o
London, El11. Ley 4986. (85 i G WW, 76 Church Street. Larkhall,
EVALUATION Lanarks. (7217
BRO/\CDF]I)EI;‘PDSS/}\I\IIJ]; Reliability estimation of glecgronuc circuits

SIGNAL Generators Oscilloscopes VIAYCO made by experienced reliability engineers \
Output Meters, Wave Voltmet%rs, 21 Lodge Lane, N. Finchley Organisations that require reliability ex- ¢ VII”TAGE CRYsTAL SETS, 1922:
Frequency Meters Multi - range London, N12 8JG pertise are invited 1o use our service to 1927." Just published by Wireless
Meter, etc., etc., in stock. R. T. Telephone: [err;:?gzeutlr;ng:‘sxgn and choiwce of elec- IIVurl(L ::gnteflilns d128 p?ggs.'ghag.
& I. Electronics Ltd, Ashviile Old 01445 2713 d R (00 U [0 CERs Gl B
Hall, Ashville Rd., London E.11. 7 Box No. WW 7911 ing, The Crystal Set. Vintage Wire-
Ley 4986 (64 01-445 0749 01-958 7624. 008 less Trademarks. Also catalogue
. sectiong listing and describing
, 5 crystal sets together with their
gg}OS\ZEOFASYSCI)%—E{ gl?lngL—lchS) original prices in £:5:d. A book for
_ . REDUNDANT STOC | LABELS, NAMEPLATES, FASCIAS | the collector or those interested in
RACAL RDL7L, MAI68B Dlxﬁlersnt:y AND U Ks. on aluminium or plastic. Speedy gos}(ulgua. A»éqxlu-l:l? from Pmaun
switch. MA150G synthesiser, Murphy . : deliver G.S.M Graphic  Arts ookshops or direct from us. Please
SSB adaptor. Telephone West Dray- We will call anngerSTl?: the R Rectory Lupne. Guis. | send £2.80 inclusive to IPC Busi-
ton 43694 after 6 pm. (7931 British Isles, and pay SP ASH borough (02873.4443), Yorks, U.K. | Ness Press Ltd.. Room 11, Dorset
for Electronic Components and ' "(5305) | House. Stamford Street, London,
Equipment. SEl 9LU. (6125

£t
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CAPACITY AVAILABLE

FELEGTRONIC ASSEMBLY
- AND WIRING
| CAPACITY AVAILABLE

M.O.D. approved
J.N. Electronic Supplies

" Osiers Road, London, SW18&
Tel. 01-874 6162 7417

AIRTRONICS LTD. for coil winding
Large or small production runs.
Bobbin — Layer — Wave — Bifilar
— Miniature Toroidals, Airtronics
Limited, Gardner Industrial Estate,
Kent House Lane, Beckenham,
Kent BR3 1UG. Tel. 01-659 11?771'58

SPARE CAPACITY — Quick Turn-
around Specialist wiring assembly
of large and small items cable
forms, P.C.B. Wire wrapping,
panels, etec. Lewco, Welliagborough
(0933) 677781. (7698

PRINTED CIRCUITS., Small catch-
wiring. electrical testing, minicom-
puters undertaken by Wandtronics
Ltd. Skilled ex Philips workers.
Phone or write for details: Wand-

tronics Limited, Wandly Wharf,

. Frogmore. Wandsworth, London

SWI18 1HW. Tel. 01-870 6585.
(7755

PCBs/WIRING/ASSEMBLY. Design,
artwork, manufacture, assembly,
wiring of small batches of boards,
panels etc. to high standards.
Quick turnround and competitive
prices. Contact us first: HAMILL
ELECTRONICS LTD, 492 Kingston
Road, London SW20. 01-542 9203.

A COMPLETE and efficient PCB
Service from layout through to as-
sembly. Incorporating quality re-
liability and price. No order too
large or too small. Also mechanical
detailing is undertaken. For de-
tails and free estimates please con-

tact: J. S. Roberts on 01-553 2577
H.R.C. Artwork Design, 45 High
Street, Maldon, Essex. (7731

FOR

CLASSIFIED ADVERTISING

RING
EDDIE FARRELL

ON
01-261 8508

PRINTED CIRCUITS. Ultra fast
turnaround. Very competitive
prices paper or glass. Punched or
drilled. Single or double sided.
Also prototypes, artwork, photo-
grapby. Kibmore Circuits Ltd., 120
Garlands Road, Redhill. Surrey
RH1 6NZ. Phone Redhill 68850.(7283

PCB ARTWORK
with component

DESIGN SERVICE
notation masters

and assembly drawings. PADS
Electrical Ltd, 01-850 6516. 45
Southwood Road New Eltham SE9.

(7905

SMALL BATCH PRODUCTIONS wir-
ing assembly to sample or draw-
ings. Specialist in printed circuits

assemblv. Rock Electronics, 42
Bishopsfield. Harlow Essex. 0279
33018. (7674

HIGHWAY ELECTRONICS. Logic BATCH Production Wiring and As-
design. PCB Artwork, Assembly, sembly to sample

Testing, Custom built electronics. McDeane Electricals,

— Write to Unit 12, Pontnewynydd Parade, Ealing Common,

Ind., Est., Pontypool, Gwent. NP4 W.5. Tel: 01-992 8976.

6PD. (7742

PRINTED CIRCUIT ASSEMBLY. .
Assembly to customer PCB ASSEMBLERS and testers with
specification. design, ‘layout calibration facilities, also PCB ser-

and wiring service available. A. E.
Electronics,
Stockton Heath.
2AY. Tel. 0925-68339.

Sandy  Lane.
Warrington WA4 | Lane,
(7912 | 0283 45786,

Minimum THREE lines

in advertisement

crossed ""& Co.""

@ Rate £1.10 PER LINE.Average six words per line.

@ Name and address to be included in charge if used

® Box No. Allow two words plus 50p
® Cheques. etc., payable to ~"Wireless World and

ADDRESS .....

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants

vicing contracts undertaken. Green-
car Electronic Services, 20 Aviation
Burton-on-Trent, Staffs. Tel:

To ““Wireless World" Classified Advertisement Dept., Dorset House, Stamford Street, London, SEI 9LU

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

NAME. .o e st eeeee e

REMITTANCE VALUE..........cc..ccvvvrnerennn. ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION
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TWICE the informatigp

The I.C.E. range of multimeters provides an

unrivalled combination of maximum performance within mini di
low cost. Plus, a complete range of add-on accessories for more r
All 1.C.E. multimeters are supplied complete with unbreakabte plastic carrying

case, test leads, etc., and a 50-plus page. fully detailed and illustrated Operating and

Maintenance Manual

.Now available from selected stockists Write of phone for list or tor details of direct mail-orger service

.Supertester 680R

. (ilustrated)

‘20k/V 1% fsdondc

* Ak, - 2% fsdonac
"80 Ranges - 10 Functions
2140.x 105 x 55mm
£25.25 + VAT

{For Max Order add 80p P&P)

— [t

Supertester 680G
20k0)/V, 2% fsdondc
4k MV 2% tsd onac
‘48 Ranges -— 10 Functions
‘109 x 113 x 37mm

£19.95 + VAT
(For Mail Order aad 80p P&P)

Electronic Brokers Ltd.

~Tel. 01-837 7781

49-53 Pancras Road, London NW1 2QB
WW — 097 FOR FURTHER DETAILS

1.C.E. MULTIMETERS

Sereen—

inHALF thesizgf

at a truly
ges, more f i

Microtest 80

. "20k/V - 2% fsdondc
4k-2/V 2% fsdonac
‘40 Ranges — 8 Functions
‘Complete with case -—
only 93 x 95 x 23mm

£14.95 + VAT i
(For Mail Oraer add 80p P&P)!
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INDEX TO ADVERTISERS

Appointments Vacant Advertisements appear on pages 127-143

PAGE
Acoustical Mfg. Co. ...l 5
AELCrystalsLtd. ........................... 91
Allen & Heath ............................ 8,15
Ambit International ........... ... ... ... 11, 30
AntexLtd. ... .. ..ol 89
Aspen-Electronics Ltd. ...................... 29
Astra-Pak ... oo 91
Audix Ltd. ... ..o 82
Barr & Stroud Ltd. ........ ... ... ...l 52
Barrie Electronics Ltd. ...................... 101
Bayliss, A.D. & SonsLtd. .................... 10
Bell & Howell ........................ 19, 28, 29
Bentley AcousticCorp. Ltd. ................. 123
Bi-Pak SemiconductorsLtd. ............. 104, 105
Boss Industrial Mouldings Ltd. ............... 27
Bull,J. ..o 114
Cambridge Learning ........................ 13
CatrONICS .o v it e e 26
CEC Corporation ..................c.ciuvuons 18
Chiltmead Ltd. ............................ 122
Circards NO.2 ... .. i 120
Colomor (Electronics) Ltd. .................. 116
Commercial Trade Travel ................... 126
Computer Appreciation .................... 110
Continental SpecialitiesCorp. ................ 81
Crimson Elektrik ........................... 26
Danavox (G.B)Lid. ......... ... ... ... ... 21
Datong Electronics Ltd. ..................... 90
Doram Electronics .............. ... .. ... 71
E.L.Instruments ............ .. .. ..., 20
Elec.SignalCo ".......... .. .. ... ..o 98
Electro/Eurotech ........................... 30

Electronic BrokersLtd. ......... 117,118,119, 144
Electronic Brokers Ltd. (Second User Computer) 121
Erie Electronics Ltd. 11

4 Books from W/World
Farnell Instruments Ltd. .....................
Feedback Instruments Ltd.
Future Film Developments
Fylde Electronic Labs. Ltd.

PAGE
GEC Eng. Elec. ValveCo. .................... 61
GEC Semiconductors Ltd. ................... 71
G.R.Electronics Ltd. .................. ... ... 26
Gould Advance ................. il 32
Greenway Elec. Ltd. ........................ 111
Hall Electrics Ltd. ............. ..ot 2
Harmsworth Townley & Co. Ltd. ............. 31
Harris Electronics (London) Ltd.  .......... 12,18
Hart Electronics ...............oooviiiian 94
Hi-FiDesigns ........ ... .. coiiiienniin.. 124
HilomastLtd. .......... ... .. .. i 115
Icon Designs  ............ il 4
ILP Electronics Ltd. ..................... 99. 107
Industrial Tape Applications ................ 109
Integrex Ltd. ......... ...l 96, 97
Interface Quartz Devices Ltd. ................ 22
ITT Instrument Services .................... 112
JPS Associates ... 20
KGM Electronics ...t 12,91
Keithley Instruments Ltd. ................... 82
Langrex SuppliesLtd. ...................... 103
Ledon InstrumentsLtd. ........... ... ... .. 18
Leevers-Rich Equipment Ltd. ................ 11
Levell Electronics Ltd. ........................ 3
LiON HOUSE - oo vtii e 90
Lioyd, J.J. Instruments Ltd. .................. 24
London Instrument Repair Service ........... 94
Lynx (Electronics) London Ltd. ............. 125
McKnight Crystals ......................... 141
Maclnnes Laboratories Ltd. .................. 10
Magnum AudioLtd. .................... 123,125
Maplin Electronic Supplies ....................
Marconi Instruments Ltd. ............... Cover ii
Marshall, A. (London) Ltd. ................... 98
Martin AssOCIates ...........c.oooiiriinnaaaon. 20
MedeleC ...t 6
Milward, G.F. ... ... ... .. ... i 1331
Modern Book. The .......... ... ... ... ... 140
Multicore Solders Ltd. .................. Cover iv
Newbear, The Computer Store  ............... 24
Newnes-Butterworths ...................... 115

PAGE
OMBEIECtronics .............oovviieaaaaa.. 31
Pattrick. J.B. ... ... 90
Pentech Press ....................cooennnns 111
Plessey Controls ............ ... ..ooiiiunnen 51
Plessey Windings .......... ... ... .. .o 8
Powertran Electronics ..................... 92,93
Precision Petite Ltd. .............. ... ... ..... 24
PyeUnicamLid. .......................... 7.17
Q.Max Electronics Ltd: ...................... 15
Quality Electronics Ltd.  ........... ... ... ... 125
Radio Components Specialists  .............. 106
Radio Shack Ltd.  ........ ... ... 94
R.C.S.Electronics ..............cooviiiiiiinn 31
RS.T.ValvesLtd., ............oioiiiiaien 103
RTVC 111
Science of Cambridge ...................... 113
Scopex Instruments Ltd. .................... 112
Semicon Indexes Ltd. .................. .. ... 91
Service Trading Co.  .........cciivieninnnnn. 102
Servo & Elec. SalesLtd. .................... 125
Shure Electronics Ltd. .................. Cover iii
Sintel ... 101
SMELtd. ... ... e 25
Sonic Sound Audio ........ ...l 30
Southwest Technical Prods. Ltd. .............. 16
Sowter,E.A. ... 141
Special Products Ltd. ........................ 26
SRL (Sinclair Radionics Ltd.) ................ 62
Strumech Engineering Ltd.  ................... 6
Sugden,J.E. & Co.Ltd. ............. ... .. ... 31
Surrey Electronics .......... ... .. oo 30
Swanley Electronics Ltd.  .................... 98
Swift of Wilmslow .......... ... ... 91
Technomatic Ltd. .......................... 110
TeleradioHiFi ............................. 90
Thomson CSF Comps. Ltd. ................... 23
Trader Y/Book ....... ... ... ... . ... ... 22
Trampus Electronics ........................ 90
Vero Electronics Ltd. ..................... ... 29
VeroSpeed .........c.iiiiiiiiiiii 22
West Hyde Developments Ltd.  .............. 100
West London Supplies ................... ... 101
Wilmslow Audio .............. i, 35
Wingrove & RogersLtd. .................... 116
Z. & 1. Aero servicesLtd. .............. 14,731,100
Zettter (UK) Division ................... i

15.123

OVERSEAS ADVERTISEMENT
AGENTS:

Hungary: Mrs. Edit Bajusz. Hungexpo Advertsing Agency.
Budapest XIV Varoshget

Telephone: 225 008 — Telex. Budapest 22-4525.
INTFOIRE

Italy: Sig C Epis, Etas-Kompass, S p.a — Servizio Estero.
Via Mantegna 6, 20154 Milan
Telephone. 347051 — Telex 37342 Kompass

"Japan: Mr. Inatsuki, Trade Media — IBPA (Japan). B 212,
Azabu Heights. 1-5-10 Roppongi. Minato-ku. Tokyo 106
Telephone: (03) 585-0581

United States of America: Ray Barnes.

‘IPC Business Press. 205 East 42nd Stree! New York. NY
10017 — Telephone {212)689 5961 — Telex 421710
Mr Jack Farley Jnr . The Farley Co Suite 1584, 35 East
Wacker Drive, Chicago, lllinois 60601 — Telephone (312)6
3074

Mr Richard Sands. Scott. Marshall, Sands & Latta Inc  5th
Fioor. 85 Post Street. San Francisco, California 94104 —
Telephone- {415) 421 7950 — Telephone Dascotico. San
Francisco

Mr William Marshall. Scott. Marshall. Sands & Latta Inc .
1830 West Eighth Street, Los Angeles, California 90057 —
Telephone. (213) 382 6346 — Telegrams' Dascottco . Los
Angeles.

Mr Jack Mentel The Farley Co.. Sutte 650. Ranna Building.
Cleveland. Ohio 4415 — Telephone {216)621 1919

Mr Ray Rickles. Ray Rickles & Co . P.O Box 2008. Miam:
Beach, Florida 33140 — Telephone (305) 532 7301

Mr Jim Parks, Ray Rickles & Co . 3116 Maple Drive N E .
Atlanta, Georgia 30305 Telephone (404) 237 7432

Mike Loughhin. IPC Business Press. 15055 Memonal, Ste
119, Houston. Texas 77079 — Telephone (713) 783

8673

Canada: M+ Colin H MacCulloch International Advertising

Consultants Ltd . 915 Carlton Tower. 2 Carlton Street. Toronto 2
— Telephone {416} 364 2269

"Also subscription agents.

printed in Great Britain by OB Lid, Sheepen Place. Colchester and Fublished by tne Proprietors (PC ELECTRICAL-ELECTRONIC PRESS LTD.. Dorset House, Stamford St..

London, SE1 8LU. telephone 01-261 8000. Wireless Worl

id can be obtained abroad from the following: AUSTRALIA and NEW ZEALAND: Gordon & Gotch Ltd. INDIA: A. H

Wheeler & Co. CANADA: The Wm. Dawson Subscription Service Ltd, Gordon & Gotch Ltd. SOUTH AFRICA: Central News Agency Lid: William Dawson & Sons (S.A) Lid.'
UNITED STATES: Eastern News Distributors Inc., 14th Floor, 111 Eighth Avenue, New York, N.Y. 10011. -
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fact:
one mistrack damages
rooves more than

5...50...even 100 plays.

% The Optimist’s View:

ol | tl The cartridge that tracked the grooves shown in the top

o : 1 | photomicrograph caused no PERCEIVABLE wear after 75 plays. But
| because these grooves are cut at relatively low velocities and have a
continuous 20 kHz signal (only on one channel), they don't present a
very challenging test. As a matter of fact, any reasonably good
cartridge should produce the same results. However, under greater
magnification these same grooves would probably reveal some
amount of record wear (although not enough to alter sound quality).
That's because record wear is a gradual but constant phenomenon
... like tyre wear every time you drive.

i Y 4 Thelerrible Truth:

The middle photomicrograph shows a record of musical material cut
at today's “hotter” velocities after only one play with a well-known
competitive cartridge at its rated tracking force. This cartridge
mistracked the record. Clearly, critical damage resulted. Notice the
deep gouge marks on the groove walls.

A single mistrack can result in MORE damage than 25, 50 or even

- A 100 plays of a record! Continuing our tyre analogy, a mistrack is like a
x'gsgrﬂg?ciglag,:g;ding After Just One Play With Top-of-the-Line blowout. Once YOUF Cartridge mistracks a reqord passage’ the

Name Brand rgaag;idge at 1.0 Gram Tracking Force. Mistracking  damage has been done and that passage will never sound th.e same.
- TRACKABILITY is the single most meaningful yardstick by which to
measure cartridge performance. That's because TRACKABILITY
encompasses virtually every performance factor by which a cartridge
is judged . . . including velocity of the recorded signal, frequency,
compliance, and effective mass.

The bottom photo shows the same groove played
50 times with a V15 Type Il at a record-
and stylus-saving force of only one gram.
Clearly, there is no cartridge you can buy
— for any amount of money — that will
protect your record collection more

from the damage of mistracking

than the Shure V15 Type Il

The Same Commercial Recording After 50 Plays With Shure V15
Type Ill Cartridge at 1.0 Gram Tracking Force. Normal {Inaudible}
Wear — Excellent Tracking

Shure V15 Type 11

S1SHURE |

Setting the World Standard in Sound.

Shure Electronics Limited, Eccleston Road, Maidstone ME15 6AU—Telephone: Maidstone (0622) 59881

WW-—002 FOR FURTHER DETAILS
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| Savbit Dispenser

Contains Ersin Multicore Savbit
solder which increases life of
l copper bits by 10 times

| sizes 58p A
l {';’4:"". %0 g
g to I s
L PoRerd
e e p——

o o e —— - ——

Toolbox Reels

Three solders that cover all your
etectrical applications

40/60Tin/Lead size 3 £2.16 ea
60/40 Tin/Lead size 10 £2 ea
Savbit Alloy stze12  £2.29 eac

——

Solder Cream

Forjointing most metals
Easytouse and :deal
where solder wire
cannot penetrate
Not suitable for
electrical
connections

Size7 99p

WuRLOS ' soroen [ WORDS FINEST SoiBER

Handy Dispensers
Size 19A All electrical work 63p
Size PC115 For smali components 69p
Size SV130 Use with copper bits and wires  £1.08p
Size AR140 Metal repairs 86p
Size AL150 Aluminium 76p
Size SS160 Stainless Steel

Economy Pack |

This convenient dispenser
contains enough general I
purpose soider for about 200
average joints. Suitable for

all electrical work. l

Size 6 37p |

P ———— —— —

- DR e me e s SN Sm—

Universal
Tape Head '
Maintenance Kit I

Includes everything necessary
for cleaning heads, capstan I
and pinchwheel on all types

of recorders.

Patent Pending. Ref99 £2.48 J

Vo o o - - = — . - ———

Cassette |
Editing & Splicing Kit |
Make editing simple with Bib splicer, tape cutters, tape piercer.
splicing tape and tape winder/remover Patent Pending Splicer I P ———
British Pat. No 1258280 R(;fgg |

M lict

( f-[’disf-l-cfﬂ RIS NI Tape Care Kit

' Combined editing/splicing/
cleaning kit with splicer, tape.
I cutters, marker, cleaning fluid

] Ref111 £3.38
|

e o e —— e — —

) =TT

: Bib
Groov-Kleen

| Bib Groov- Stat
| Static Reducer

Neutralises in seconds the static charge that attracts harmful fuﬁg:;?govém:;:iz blz-;sel.c;to
dust to record surfaces. Safe and simple to use u € glepiay

L Ref100A £5.98 | I decks. the Bib Groov-Kleen

cleans records while they

— e G mae e S S e emm e o e o

play.
Send S.A.E. for free copy of colour | Ref ZOOOSIP

- catalogue detailing complete range. | £3.48 Reg Des.No 967842
Bib Hi-Fi Accessories Limited, | |
Kelsey House, Wood Lane End, g U O ——
HemelHempstead, Herts.,HP2 4RQ. Al prices shown are recommended retail, inc. VAT
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