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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 110 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, harmonics, sidebands 
and spurious content all clearly 
indicated and quite distinct from 
each other. You can see the 
waveform as it really is and 

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 

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. 

AMPLITUDE FREQUENCY 

THE OSCILLOSCOPE 
DISPLAYS THE SUM OF 
THE FREQUENCY 
COMPONENTS. 

TIME 

DI 
THE SPECTRUM ANALYSER 
DISPLA S THE DISCRETE 
FREQUENCY COMPONETS 

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. 

ií11 MARCONI INSTRUMENTS 
Marconi Instruments Limited Longacres St. Albans Hertfordshire England AL4 OJN Tel: (0727) 59292 Telex: 23350 

Marconi Electronics Inc 100 Stonehurst Court Northvale New Jersey 07647 USA Tel: (201) 767 -7250 Twx: 710 -991 -9752 

Marconi Instruments 32 avenue des Ecoles 91600 Savigny -Sur -Orge France Tél: 996.03.86. Télex: 600541.F 

Marconi Messtechnik GmbH 8000 Múnchen 21 Jörgstrasse 74 West Germany Tel: (089) 58 20 41 Telex: 5 212642 
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Front cover is an impression by 
Paul Brierley of a Gould 
Advance oscilloscope. 

IN OUR NEXT ISSUE 

Audible amplifier distor- 
tion is not a mystery. As 
a preliminary to a series 
of practical articles, Peter 
Baxandall looks at the 
topical and controversial 
subject of distortion in its 
several forms and attempts 
to bring order to the 
proliferation of ideas re- 
cently advanced. 

F.m. transceiver. A design 
for a two -metre amateur 
transceiver using a synthe- 
sizer to provide 40 
switch -selected channels. 
Features include easy mo- 
bile working and low power 
consumption. 

ISSN 0043 6062 

ibpa ABC 
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It's the engineering 
we put into the Calinda 

that makes it sound 
so much better. 

With dozens of speakers on the market, all around the 
same size, shape and price as the Calinda, how on earth do 
you choose? 

Obviously, you can start with a listening test, using your 
own ears and judgement. 

But demonstration conditions are seldom ideal, and 
probably quite different from those in your own home. 

You can ask your knowledgeable 
friends; you can read magazine reports; 
you can plough through bookfulls of 
comparisons. 

More and more of them are recom- 
mending speakers made by KEF. 

Because KEF loudspeakers, like the 
Calinda, are designed from start to finish 
by engineers, whose aim is to give you as 
near as possible the same sound as the 
recording engineers put on record. 

Because the effective sound source in the mid unit is 
further back than that of the tweeter, this means that sound 
from each will travel the same distance to the listeners' ears, 
with no audible inter -unit time delay, another cause of 
distortion and loss of clarity. 

Or, to put it another way, crossover frequency sound is 
`aimed' at the head of a seated listener, and not his feet. 

The KEF `total system' 
design approach. 

But perhaps the biggest reason for 
the high performance of the Calinda is the . 

KEF `total system' approach to design 
and development, using computerised 
measurement and calculation techniques 
which are a thousand times faster than 

' manual methods, cutting out the old 
guesswork and mumbo jumbo previously 
associated with loudspeaker design. Beethoven or heavy rock, you want a 

clearer image than this. 
First, look at the cabinet. 

There's a lot of thought gone into that. 
For a big, 45 litre capacity it is tall and elegant, so that a 

pair of Calindas can fit happily into most people's sitting 
rooms. 

It's fairly narrow ; for technical reasons this permits a 
wide dispersion of sound. 

It's deep, from front to back; this keeps the sound 
radiating units well away from the wall or furniture behind, 
cutting down on disturbing reflections. 

It's quite tall; so that we can put the all important mid- 
range unit well away from the floor. Reflections from the 
floor, reaching your ear, can give a nasty 'double impression' ; 

you don't want that. 
And it's still, heavy and well damped. When choosing a 

loudspeaker, give it a sharp knock with your knuckles. A good 
one, like the Calinda, gives you a solid, dull `thud', with no 
rattles, twangs or reverberations. 

The Drive Units. 
The treble, mid -range and bass 

radiator units in the Calinda are all 
designed, developed and made by KEF, 
using advanced, acoustically damped 
plastics materials which give much better 
performance than conventional, paper 
cones. 

We put the mid -range unit 
above the tweeter. 

This is unconventional. 
And it's a very good idea. Not only 

does it take the mid -frequencies away 
from the floor (as mentioned above, you 
only want even Beethoven once), it also 
has a very valuable effect at the crossover 
frequencies, where the mid and treble 
units radiate the same notes. 

In this system, the cabinet, 
drive units and dividing network are 
developed together, to reach an ideal 
target performance. 

As a result, the Calinda gives a 
truer frequency response, greater 
clarity and a sharper stereo image 
than any previous speaker of 
equivalent size and price. 

Write to KEF for the latest 
leaflet on the Calinda, its smaller 
brother the Corelli bookshelf 

and the big, 150W Cantata. 

To KEF Electronics Limited, Tovil, Maidstone, Kent ME15 6QP 
Please send me full details of the Calinda and the rest of the KEF range. 
Stamps for return postage appreciated. 

-1 

Name 

Address 

L 

KEF Electronics Limited, Tovil, Maidstone, Kent ME15 6QP.Tel. 0622 672261.Telex 96140. 
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LEVELL1 MULTITESTER TYPE TM11 
9. 

120 BASIC RANGES 
AC V, I & dB : 50NV/500V fsd, 50pA /500mA fsd, -90dB/ +50dB mid scale. Acc. ±1 .5% fsd above 500NV & 500pA. 

Response 3Hz/200kHz above 500NV and 500nA. Input R = 100MO on volts. 
DC V, I & NULL . 150NV/500V fsd, 150pA /500mA fsd, polarity reversible. Acc. +1 .5% fsd above 500NV & 500pA. 

Input R = 100MS2 on volts. 5 Null ranges have centre zero lin /log scale covering +4 decades. 
RESISTANCE : 0.20/lOGO in 7 ranges, polarity reversible. Low test voltage for solid state circuits. 
LEAKAGE at 3V : Uses 3V source with current ranges to test capacitors, diodes and resistance up to 100GQ. 
VOLT DROP at IOmA . Uses IOmA source with voltage ranges to test diodes, LED's and resistance down to l OmO. 

30 OPTIONAL RANGES 
RF VOLTS . 0.5V /500V fsd, 10kHz /1GHz, using RF Probe. Price £22 + VAT. 
HIGH VOLTS . 1.5kV /50kV fsd, AC /DC, using HV Probe. Price £16 + VAT. 
HIGH CURRENT . 1.5A /50A fsd, AC /DC, using Current Shunt. Price £15 + VAT. 
TEMPERATURE . -150 °C / +500 °C fsd in 7 ranges using Temperature Probe. Price £38 + VAT. 

The instrument operates from a 9 volt battery, life 1000 hrs., or, AC mains when optional Power Supply Unit is fitted. 
Size is 240mm x 150mm x 80mm. Weight is 1 .75 kg. Meter scale length is 140mm. Leather case is available at £13 + VAT. 

ELECTRONICS LTD. 

MOXON STREET, BARNET, HERTS., ENGLAND, EN5 5SD. 
TEL: 01- 449 5028 440 8686 

WW -063 FOR FURTHER DETAILS 
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News of the Decade 

' 
RESISTANCE 
CAPACITANCE 
INDUCTANCE 

over 60 different models 

available,many from stock 

CONTACT US IF YOU NEED MORE INFORMATION OR DEMONSTRATION 

DECADE BOXES 
"Junior" Series -Resistance -1 

Decades Ohms Range Ohms Resolution E 

J1 5 0- 1,111,100 10 35.70 
J2 5 0- 111,110 1 35.30 
J3 4 0- 111,100 10 29.00 
J4 4 0- 11,110 1 28.70 
J5 3 0- 11,100 10 23.90 Decades mH Range mH Resolution £ 

J6 3 0- 1,110 1 23.70 L1 3 0- 1,110 1 110.40 
J60 6 0- 1,111,110 1 43.00 L2 2 0- 110 1 77.60 
J70 7 0- 11,111,110 1 50.50 L3 2 0- 1,100 10 86.10 

"Junior" Series -Capacitance -1% "Hundred" Series -Inductance -0.3% mH Resolution £ 

Decades pF Range pF Resolution £ Decades mH Range 

JC1 3 100- 111,000 100 25.70 L300 3 0- 1,110 1 320.00 

JC2 2 + var 30- 1 1,140 "Infinite" 26.90 ' 

L400 4 0- 1 1 .1 10 1 415.80 

DECADE BOXES continued E 

R803 R 0- 1,111,111.1 0 01 

High Dissipation-Resistance-1% 
Decades Ohms Range Ohms Resolution £ 

HD1 5 0- 1,111,100 10 121.00 
HD1 /L 5 0- 111,110 0.2Approx 127.40 

"Point One" Series-Inductance-5% 

+10% 197.00 

"Point One" Series-Resistance-0.1% 
Decades Ohms Range Ohms Resolution £ 

R3 4 0- 1,111 0.1 57.40 
R4 4 0- 11,110 1 57.00 
R5 4 0- 111,110 10 56.10 
R7 5 0- 1,111,100 10 69.70 
R9 5 0- 111,110 1 70.40 
R10 5 0- 11,111 0.1 71.00 
R11 5 0- 11,111,000 100 81.00 
R20 6 0- 1,111,110 1 84.40 
R21 6 0- 111,111 0.1 85.50 
R22 6 0- 11,111.1 0.01 92.90 
R30 7 0- 11,111,110 1 106.50 
R31 7 0- 1,111,111 0.1 99.00 
R32 7 0- 111,111.1 0.01 99.80 
R41 8 0- 11,111,111 0.1 121.00 
R42 8 0- 1,111,111.1 0.01 116.10 

"Hundred" Series -Resistance -0.03% Variables 

Decades Ohms Range Ohms Resolution 
R400 4 0- 111,100 10 

R401 4 0- 11,110 1 

R402 4 0- 1,111 0.1 
R403 4 0- 111.1 0.1 
R600 6 0- 11,111,100 10 
R601 6 0- 1,111,110 1 

R602 6 0- 111,111 0.1 
R603 6 0- 11,111.1 0.01 
R701 7 0- 11,111,110 1 

R702 7 0- 1,111.111 0.1 
R703 7 0- 111,111.1 0.01 
R802 8 0- 11,111,111 0.1 

Decades 
CAPACITANCE BOXES 

Decades pF Range pF Resolution Accuracy E 

C3 3 100- 111,000 100 1% 55.80 
PC3 3 100- 111,000 100 0.5% 77.10 
C4 4 100 -1,111,000 100 +71/2% 1% 85.00 
PC4 4 100- 1,1 1 1,000 100 0.5% 120.00 

Decade plus Variables 
Decades pF Range pF Resolution Accuracy E 

VC4 3 50- 111,150 INFINITE 
VC5 4 50- 1,111,150 +71% 
PVC5 4 50- 1,111,150 
SVC5 4 50- 1,111,150 +121/2% 
C500 4 50- 1,111,150 +71/2% 

SVC5 special. Details on application 

caO 
INSTRUMENTS 

pF Range 

105.60 PVC1 Mkt 5- 200 
110.50 PVC2 Mk 2 20- 1,120 
111.70 VC2 20- 1,130 +71/2% 

119.40 PVC4 0- 10 
PVC1 /S 20- 120 143.60 

146.20 
148.70 Switched 
155.70 uF Range uF Resolution 

170.30 C140 0- 140 1 0 
172.80 C100 0- 100 1 0 
179.20 C60 0- 61 0 1 +71/2% 
193.80 C6OP 0- 61 0 1 

1 Packing and Handling extra. Prices do not include VAT. 

J.,. Lloyd 
Instruments lid 
Brook Avenue, Warsash, Southampton S03 6HP 
Tel: Locks Heath 4221 

ww -095 FOR FURTHER DETAILS 

1% 70.50 
1% 99.80 

0.5% 148.90 
0.05% 763.90 
0.2% 275.60t 

£ 

0.5% 141.60 
0.5% 127.60 

1% 49.20 
1% 89.20 

0.5% 85.30 

Accuracy E 

5% 180.30t 
5% 152.50t 
5% 135.901 
1% 276.20t 
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If you want your connectors to have a good 
innings specify Ferranti. 

Ferranti circuit board edge connectors are known for 
their staying power. They're designed for a far higher number 
of insertionsand withdrawalsthan you're likelyto make. They 
need to be, so that you can rely on them throughout their 
working life. 

You'll like our other design features too. Low force 
springcontacts. Gold flash orfull gold platingon thecontacts 
as you wish. Terminals for wire wrapping or soldering. Many 
options; pitches of .100" (2.54mm)- modular connector, 
.150" (3.81mm), .156" (3.96mm) and .200" (5.08mm). 

i#AA1AA# 

Contact: Connector Sales, Ferranti Limited, 
Professional Components Department, Dunsinane Avenue, 
Dundee DD2 3PN, Scotland. 
Telephone: 0382 89321 Telex: 76166 
Distributors: Giltech Components Ltd., 22 Portman Road, 
Battle Farm Industrial Estate, Reading, Berks RG3 lES 
Telephone: 0734 582131 

FERRANTI 
Connector Capability 

WW - 079 FOR FURTHER DETAILS 
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...The leaders through 
creativity 
GR 7657 Digibridge 
Automatically measures R, L, C, D 
and Q. Ranging from 0.00152 to 
99.999 MU, 0.0001 mH to 9999.9H, 
0.0001 nF to 99999N F. D from 0001 
to 9.999 and Q from 00.01 to 999.9. 
Basic accuracy 0.2 %. Five digit 
display for R, L and C, four digit 
display for D and Q. 
Microprocessor - directed ranging. 
Selectable test frequencies of 1 KHz 
and 100 Hz (120Hz). 
Series or parallel measurement 
selection. Built -in Kelvin test fixture 
tests radial and axial lead 
components. Other bridges from our 
range include: 

GEORG SIMON OHM 

GR1650 GR1656 GR1608 GR1683 GR1685 
RLC Bridge RLC Bridge RLC Bridge Digital RLC Bridge Digital RLC Meter 
Precision 1% 0.1% 0.05% Automatic, 0.1% Automatic, 0.1% 

It is easy to test components with 
GenRad. Write or call for descriptive 
literature to GenRad Ltd. Bourne 
End, Bucks SL8 5AT. 
(06285) 26611 GenRad 

7711 
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Low Power Schottky TTL 
cuts down on everything. 

Except performance. 

Motorola Low Power Schottky TTL 
cuts down on supply current and noise. 
As well as the size, cost and weight of 
equipment. 

But it additionally offers far more than 
that. Now you don't have to choose between 
speed and power in performance terms. 
As the graph clearly shows. it dissipates 
eleven times less power than 74S, 
suffering a delay of only 1.7 times. 

There are no problems with interfacing, 
as it is compatible with other TTL types and 
CMOS. It's faster than CMOS, and due to the 
Bipolar technology, no special handling is 

necessary. 

Reliability, economy and speed. 
These are the areas that Motorola Low 
Power Schottky TTL hasn't cut back on. 

..C.. 
Crellon Electronics Ltd., 

(incorporating ECS and GDS Sales) 

DELAY -POWER PRODUCT FOR 

POPULAR LOGIC FAMILIES 
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r-Crellon Electronics Ltd., 
380 Bath Road, Slough, Berks SL16JE. 
Tel: Burnham (06286) 4434 
Telex: 847571 

Please send me full information 
Low Power Schottky TTL. 

Name 

Company 

Address 

Tel. 
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F.M. TUNERS, 
MODULES & KITS by can 

Tuner Kit 
T2 TOUCH TUNED £121.00 £109.00 
T3 DIGITAL (AS SHOWN) £149.00 £139.00 

MAIN RECEIVER MODULE M1 
We have claimed before that this F.M. system is 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 tuner 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 
MODULE ONLY 
£44.40 

This tuner must surely provide the best value for money 
available today. Combining the best of the modules shown 
below, it includes a full digital readout of frequency to a 

resolution of 0.1 MHz, so that exact station identification can 
be made. In additidn, 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 spurious 
responses. Perfect reception is assured by not permitting any 
station to be heard which is far 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 
a fresh new look to Hi -Fi. The sturdy wooden cabinet is finished 
in mat teak veneer, housing an attractive gold and brown. 
anodised aluminium front panel, which carries black controls 
and inscriptions. The indicator lamps and digital displays are in 
red, giving the finishing touches to a tuner you will be proud to 
own. 

M1 KIT £27.95 
MODULE £29.95 

DIGITAL FREQUENCY METER M6 
We are very proud of this one We don't have to say its the best, as far as we know 
its 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. Its 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? 

TOUCH TUNE MODULE M5 
This module must put the finishing touches to an outstanding combination. Six pre -set 
stations at the touch of a button. No moving parts to go wrong, or contacts to get dirty. 
Internal illumination shows you which button has been touched, while the tuning 
adjustment is made using high reli.r'bility multi -turn cermet pots for repeatable selection 
of the most used stations, yet retaining the use of separate manual tuning. This module 
interfaces directly with the M1 above, being wired between the board and the normal 
manual tuning control. A touch of sheer genius! 

OTHER MODULES etc. 
M2 Stereo decoder £7.60 kit £6.22 
M4 Power supply .. £6.30 kit £5 -90 
SL1310 decoder IC £1.95. 
TBA750 f.m. i.f. .. £1.55 
20v regulator IC £1.50 
LP1186 front -end £7.75 
Filter, SFJ 10 7MA E1.55 
7 segment L.E.D. (c /a) .. £1.99 
Descriptive booklet £0.50 1E1.50 export) 

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

'BARCLAYCARD 

M5 
MODULE ONLY 
£17.54 

ORDERING INFORMATION 
All U K orders post tree plus 12 5% VAT. Export orders. allow extra for 
postage at cost, no VAT due, credit will be refunded. 

Payment by sterling cheque on London bank, or credit card, International 
M.O. etc 

Other items and kits available, send for illustrated leaflets price list and 
order form etc, from.- 

,yen 
33 Restrop View 
Purton, WILTS 

SN5 9DG 
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ELECTRONIC ORGAN 

The only organ you ran build m stages and tailor 
to your requirements as you go along - and at 

each stage you ll have a fully working 
instrument' We haven t got the gimmicks yet - 

they re coming soon) but we have got the most 
beautiful sounds - you worn t find them on any 
organ less than twice our price So yet our 
MES50 series leaflets now 65p buys the three- 

available so far 

:-i WINES _ Ya-.sl,.,'. 
rrrtni"1_x{lt;iúi{y'` 

//i//r'I1i111;11tltltt1\' , , 

We stock an excellent range of tools 
especially for the electronics enthu 
siast. From miniature wiring tools to 
multimeters including soldering irons 
and desoldering tools, screwdrivers 
cutters, pliers, strippers, miniature 
electric drills for p.c.b.'s. transistr, 
tester, etc. Full details on catalogue 
pages 167 to 176. 

.ti GI 

THE NEW GRAPHIC EQUALISER 

1J4.1.fi.IM;,1141J.I.114 

This revolutionary new design with no complicated coils to 
wind. Construction details 60p and all parts available from 
us. 

Send S.A.E. now for complete components schedule. 

Fully punched and printed metalwork and woodwork also 
available 

PEDAL UNIT 

A completely seltcontained pedal 
unit 13 -note 2- octave range 4 
organ stops It can be added to 
any organ' A really unusual extra 
Is the bass guitar stop which uses 
four envelope shapers to give a 

real bass guitar sound A must for 
the solo guitarist Full construction 
details in our catalogue - post the 
)!ipon below now' 

T. V. GAME 

Play fascinating games NOW on your 
own tv in your own living room. The 
kids will think its magic when the 
scores pop up on the screen. Lay your 
bets - anyone could win - with 
Maplin's prices everyone can win 

Complete kit to play four games only 
£24.50. Add 35p for copy of 
construction details. See our August 
newsletter for details of rifle kit 

yiiy ! 

1 

Our bi- monthly newsletter keeps you up to date with latest 
guaranteed prices - our latest special offers (they save you 
pounds) - details of new projects and new lines. Send 3Op 
for the next six issues (5p discount voucher with each copy). 

MAPLIN ELECTRONIC SUPPLIES 
P.O. BOX 3 RAYLEIGH ESSEX SS6 8LR 

Telephone: Southend 107021 715155 
Shop: 284, London Road, Westcliff -on -Sea, Essex 

(Closed on Monday) Telephone. Southend (0702) 47379 

IT'S A FANTASTIC BESTSELLER! 
216 big (11" x 8 ") pages! Over a thousand illustrations! 
Over 30 pages of complete projects to build! 
Thousands and thousands of useful components described 
and illustrated! No wonder its a bestseller! 
DON'T MISS OUT! SEND 60p NOW! r 

POST THIS COUPON NOW FOR YOUR COPY OF OUR CATALOGUE 
PRICE 6Op 

Please rush me a copy of your 216 page catalogue by return of post. 
I enclose 60p, but understand that if I am not completely satisfied I may 
return the catalogue to you within 14 days and have my 60p refunded 
immediately. 

I NAME 

L 

ADDRESS 

www.americanradiohistory.com
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specify 

CINCH 
BARRIER TERMINAL BLOCKS & ACCESSORIES 

J- SERIES MULTIWAY PLUGS Er SOCKETS 

PRINTED CIRCUIT BOARD EDGE CONNECTORS 

D- SUBMINIATURES 

and be 
certain 

United -Carr Supplies carries the 
widest range of CINCH parts 

available in the UK, and will accept 
for quick delivery mixed or small 

quantity orders. So make 
United -Carr Supplies 

your Single CINCH Source. 
Send for free catalogue 

illustrating the full range of 
components available. 

United -Carr Supplies Limited 
The largest CINCH. DOT and FT stockist 

112 Station Road, I lkeston, Derbyshire DE7 5LF 
Tel:0602 328711 Telex 377117 

WW-011 FOR FURTHER DETAILS 
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' LASTIC 
FOR 

-' 
aIi*"temperature. 
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FASTENERS 
ELECTRONICS 

SELF- ADHESIVE CABLE CLIPS are a quick 
and simple means of securing cables, cords and 
small looms to flat surfaces. No drilling or 
fixing screws necessary. The peel -off backing is 
removed immediately before placing the clip. 
The coating adheres to most clean, flat surfaces 
and withstands a wide range of humidity and 

Cable clips are moulded in natural 
nylon and have rounded edges to prevent 
damage to the cables. 

CABLE STRAPS are semi -permanent fasteners 
for strapping wires and cables into tight, 11- '_ 

compact looms. The ratchet fastener is adjust- 0.1 - _ 

able and can be released by pinching -in the 1:.1 

sides of the fastener head. Cable straps are `( 
made from black nylon. 

WIRE TIES are a flexible means of fastening/ 
wires and small cables into orderly, compact 10 looms. They are quick and easy to fit and can be 
re -used, greatly reducing re- looming times. 
Wire ties are made from nylon and are available 
in various sizes each determined by a different 

` colour. 

The P.C. BOARD GUIDE is a self -retaining 
edge support for printed circuit boards. It has 
good panel retention and grips p.c. boards 
firmly and securely. The guide is available in 
two types of material - yellow acetal or 'grey 

s 
Noryl, for high temperature and voltage appli- 
cations. 

Qób, 
0 ó CC 

P.C. BOARD SPACERS are simple to fit, one.-4 

piece mouldings for use with p.c. boards. They 
have a self retaining shank for fastening into 
panels and a T- shaped anchor for securing p.c. 
boards of 0.062" thickness. They have good 
resistance to vibration and are suitable for 

- board -to -board or board -tochassis use. 

P.C. BOARD STAND -OFFS are quickly assem- 
bled, self- retaining panel supports for p.c. 
boards. Made from natural (off white) nylon and 
have good resistance to vibration. Suitable for 
panels up to 0.079" thickness. Stand -Offs accept 

`a No. 4 self- tapping screw. 

r PLASTIC RIVETS fasten panels, fittings and 
name plates to metal plastic and wood. Resilient i,. .y enough to fix into brittle materials like fibre- \` glass, hardboard and glass. 'Shank, head and \ \ pin are one piece. Fixing is by driving the pin 

t through the head into the space between the 
tit legs, gripping the work. 

DRIVE FASTENERS hold two or more panels 
together. Easily fixed, normally by thumb 
pressure. No special tools required. Boat - 
shaped DRIVE Fasteners are for panels of thin 
and medium thickness and are removable. 
Ribbed Drive Fasteners are used in blind holes 
where hole length exceeds lergth of shank. 

r 

Hole Plugs 
Attractively 
snap action 

resistant 
and are 

1.-. 
4keep 

PLASTIC HOLE PLUGS are quick, inexpensive 
means of plugging unwanted holes. 

out dust, dirt and moisture. 
shaped heads give a neat finish. The 
grip of the Hole Plug makes a vibration 
seal. Hole Plugs are made from nylon 
non -corrosive. 

LOKUT ANCHORS are used to strengthen 
by providing additional- screw thread /sr% Amy 

engagement in materials where self- tapping Nif/ 
screws would be unsatisfactory. Made from 
high strength nylon and used in insulation, and 
electrical chassis work. Easily fitted by hand. IV 
1000's OF OTHER TYPES OF PLASTIC 

AND METAL FASTENERS 

II- 
LEAFLETS ON REQUEST 

HARMSWORTH 
HARMSWORTH, TOWNLEY & CO. LTD. 
HAREHILL TODMORDEN LANCS OL14 5JY 
Phone TODMORDEN 2601 (STD 070 -681 2601) 

WW -035 FOR FURTHER DETAILS 
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CUSHMAN CE -15 SPECTRUM ANALYZER 

ELECrriONIC., INC. 

INTENSITY 

o 
FOCUS 

REFERENCE LEVEL :L.0 d B 

Rr lNPI 

PROBE PWR 

C 

NALYSIR 
PWR/VOL 

CENTER FREQUENCY 
Fo 

TUNING 

C C1ARSE 

CAL 

,,o 

AM /FM m 

Easy to oper 

Low cost 

New from Dana is the Cushman CE -15 spectrum analyser, with a total range of 1 MHz to 1 GHz. 
Portable 12 -volt operation is offered as an option, making it a valuable tool in radio service work. 

Interlocked controls ensure simplicity of operation, and levels from +20 dBm to -115 dBm can be 

measured directly from the display, which has a range of 70 dB. 

Measuring only 240 by 220 by 470 mm, the CE -15 takes up little bench space and, weighing in at 
13.6 kg, is easily carried. How have you managed (so far) without one? 

n Makers of High quality Instruments : Frequency Counters 
Digital Voltmeters 

Dana Electronics Ltd., Waveform Generators 
Collingdon Street, Communications Test Equipment 
Luton, Beds. Telex : 82430 Microwave Counters 

Others measure by us. Telephone : 0582 24236 Frequency Synthesizers 

WW -078 FOR FURTHER DETAILS 
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HIGH POWER DC- COUPLED AMPLIFIER 
mismulls,- 

* UP TO 500 WATTS RMS FROM ONE CHANNEL 
* DC- COUPLED THROUGHOUT 

fIJ * OPERATES INTO LOADS AS LOW AS 1 OHM 
* FULLY PROTECTED AGAINST SHORT CCT, 

MISMATCH, ETC. 

* 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 delivering 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. 

wnc,on R' atinan 

Power Bandwidth DC -20kHz u 150 watts + 1db, Ddb. 
Power at clip point (1 chan) 500 watts rms into 2.5 ohms 
Phase Response +0. - 15 DC to 20kHz, 1 watt 8S1 

Harmonic Distortion Below 0.05% DC to 20kHz 
Intermod. Distortion Below 0.05% 0.01 watt to 150 watts 
Damping Factor Greater than 200 DC to 1kHz at 852 
Hum & Noise (20- 20kHz) At least 110db below 150 watts 
Other models in the range: D60 -- 60 watts per channel 

Slewing Rate 
Load impedance 
Input sensitivity 
Input Impedance 
Protection 
Power supply 
Dimensions 
D1 50A - 150 watts per channel 

8 volts per microsecond 
1 ohm to infinity 
I 75 V for 150 watts into 80 
10K ohms to 100K ohms 
Short. mismatch & open cct. protection 
120- 256V,50 400Hz 
19"' Rackmount, 7' High, 91- Deep 

Other models available from 100 watts to 3000 watts 

MACINNES LABORATORIES LTD. 
Macinnes House, Carlton Park Industrial Estate 
Saxmundham, Suffolk IP17 2N L. Tel: (0728) 2262 2615 

MACINNES FRANCE 
18 Rue Botzaris 
Paris 75019, France 
Tel: 206 -60-80 or 206 -83 -61 

WW -FOR FURTHER DETAILS 

ELECTRONIC 
INDUSTRIAL THERMOMETER 

1 

// 
17] iflüli (, 

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 11/2 

volt standard size battery. 
Model "Mini -Z 1" measures from -40° C to + 70° C. Price £25.00 
Model "Mini -Z 2" measures from -5° C to + 105° C Price £25.00 
Model "Mini -Z Hi" measures from + 100° C to + 500° C £27.50 

[VAT 8% EXTRA) 

Write for further details to 

HARRIS ELECTRONICS (LONDON) 
138 GRAY'S INN ROAD, LONDON, WC1X 8AX 

(Phone 01 -837 7937) 

1 

WW -036 FOR FURTHER DETAILS 

KONTAKT 60 
FOR INACCESSIBLE CONTACTS 

-More than just a cleaner. 
KONTAKT 60 guarantees 
perfect cleaning of 

contacts chemically in accord- 
ance with todays technology. 
KONTAKT offers the following 
advantages: 
1. Dissolves oxides and sulphides the safe 

way without attacking contact sub- 
stances. 

2. Contains carefully selected solvents 
which do not attack plastics whereas 
they do dissolve resinified contact 
greases and dirt. 

3 Contains no silicone. 
4. Contains a light lubricant in order to 

avoid the contact paths being corroded. 
5 Prevents further oxidation setting in. 
6. Prevents 'creep' currents. 
Because of these outstanding properties 
Kontakt 60 is one of the best and most 
popular contact cleansing agents in the 
world. 

Used by major industrial companies 

OTHER KONTAKT PRODUCTS ARE: 

70 Protective Lacquer. 
72 Insulating Spray. 
75 Cold Spray for Fault 

Location. 

80 Special Siliconized Polish. 
100 Antistatic Agent for 

Plastics. 
101 Dehydration Fluid. 

Write for fell details of above complete range of 
Kontakt products to: 

SPECIAL PRODUCTS DISTRIBUTERS LIMITED 
81 Piccadilly, London, W1V OHL. 01 -629 9556. 

WW -014 FOR FURTHER DETAILS 
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SURER 30 
The feature packed 
general purpose iron 
built to professional 
standards for only 
22.95 +(8 avat) 
When we introduced the Super 30 last 
year it was the best general purpose, 
soldering iron at its price in Britain it 
still is, at only 2.95p. (plus 8°ßi, VAT) 
The ORYX Super30offers you alit hase 
features as standard Neon safety 
light, Long life element, Iron coated 
screw -on tip, Stainless steel shaft, 
Styled handle, Two minute element 
change and a stainless steel clip -on 
hook. 

, Lr11.{ 

Lrrì_. ;r:ï L',1'r'i ::,, 
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Greenwood Electronics 

'.\ '1\ Ii di i ii liii ii AII, 
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The world's most famous company in communication, the Nippon 
Electric Company Ltd., Tokyo, has developed the famous NED CQ 
radio amateur gears, being with regard to design, quality, reliability 
and price real pace -setters for today's communicators. 
First in history of amateur radio, such a big and famous company with 
more than 80 years of experience in construction of communication 
facilities, made its experience available to radio amateurs around the 
world. 
The NEC, which has declared microwave space communication to its 
speciality, knows perfectly which attributes equipments must have for 
becoming bestsellers. 
Today we present: 

NEC CQ 110E DIGITAL 

allband, HF, 300wattstransceiver, 160 / 80 / 40 / 20 / 15 / 11 
10A / 10B / 10C / 10D / WWV, modes FSK, USB, LSB, CW, AM, with separate 8 pole X -tal lattice filters for each mode fitted. 
Further features: Side tone at CW, VOX (automatic transmit -receive 
by talking into microphone), 11 meter CB band, all channels easily 
selectable through digital counter, excellent receiver sensitivity at 
extreme crossmodulation security by application for the 7360 low 
noise beam, deflection mixer tube. 
This feature alone makes of the NEC CQ 110 E a toprider. Fixed 
channel communication on 22 channels is possible. A 60 page 
manual and a high quality dynamic microphone are supplied with the 
transceiver. Speaker, AC 100 -235 volts and DC 13.5 volts power 
supplies are built in of course. 

NEC CQ 301 

allband HF, 3KW, linear amplifier, 160/80/40/20/15/11/ 
10 meter, for modern amateur communication. Two EIMAC 3 -500 Z 
triodes, in zero bias grounded grid application guarantee long trouble 
free communication. The NEC CQ 301 can be driven by our CQ 110E 
or other exciters capable of about 50 -100 watts of drive. AC power 
supply 100 -235 volts is built in of course. 
RETAILERS: Do not hesitate to accept our offer. Join us in selling 
these bestsellers! 

Sole distributor in Europe: 

CJ CCorp., Via Valdani 1 -CH 6830 CHIASSO- SWITZERLAND 
Phone: (091) 44. 26 51. Telex: 79959 CH 

WW -032 FOR FURTHER DETAILS 
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0S245Aa new,Iow price 10MHz 
multìpurpose scope 

AUDI% T.V., TEST 
SERVICE LABORATORY, 
EDUCATION. 

All of these applications, plus many 
more are met by the 0S245A, the low 
price, high performance, professional 
oscilloscope. 

5mV /div sensitivity and 10 MHz 
bandwidth, with full trigger 
performance make this excellent i, oscilloscope superb value - and every 
one is backed by the Gould Advance 
2 year Guarantee. 

Send for full details today. 

Gould Advance Limited, 
Roebuck Road, Hainault, Essex IG6 3UE. 
Telephone: 01-5001000 
Telex: 263785 

WW -008 FOR FURTHER DETAILS 

.> GOULD ADVANCE 

A. D. BAYLISS & SON LTD. 
Behind this name 
there's a lot of 
real POWER! 
Illustrated right is a TITAN DRILL 
Mounted in a multi- purpose stand. This drill is a powerful tool running on 12v DC at approx. 
9000 rpm with a torque of 350 grm. cm Chuck capacity 3 00 m/m 
The multi- purpose stand is robustly constructed of steel and aluminium The base and bracket are 

finished in hammer blue 
Also available for use in the stand is the RELIANT DRILL which is a smaller version of the Titan 
Approx. speed 9000 rpm. 12v DC. torque 35 grm cm Capacity 2.4 m / m 

TITAN DRILL & STAND 
TITAN DRILL ONLY 

RELIANT DRILL & STAND 
RELIANT DRII L ONLY 

TITAN MINI KIT DRILL 

RELIANT MINI KIT DRILL 
Isis l(, lr,h 

TRANSFORMER UNIT 

£19.50 
+ 8% VAT = £21 06 + Cl P &P 

E8.90 + 8% VAT = £9.61 + 35p P &P 

£16.27 
+ 8% VAT = E1 7.52 + E1 P &P 

E5.22 + 8% VAT = £5.64 + 35p P &P 

£14.75 
+ 8% VAT = E15:93 + 50p P &P 

£ 12.00 
+ 8% VAT = E13.08 + 50p P &P 

£8.55 
+ 8% VAT = E9.23 + 75p P &P 

These are examples of the extensive range of power tools designed to meet the needs of 

development engineers laboratory workers. model makers and others requiring small precision 

production aids. 
To back up the power tools. Expo offer a comprehensive selection of Drills. Grinding Points and 

other tools 
SEND STAMP for full details to main distributors 

A. D. BAYLISS & SON LTD., Pfera Works, Redmarley, Glos. GL1 9 3JU 
Stockists Richards Electric, Worcester and Gloucester; Hoopers of Ledbury; Hobbs of Ledbury D &D Models, Hereford Bertella Gloucester 

WW -031 FOR FURTHER DETAILS 
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If you use IMO or OMRON relays,you certainly 
know about the exceptional reliability and 
performance of these remarkable devices. 

What you may not know is that our reputation 
for switches is just as impressive. 

The range covers: Limit Switches -New multi - 

plunger, metal enclosed and 
turret -head types. 
Photoelectric Switches 
Subminiature, metal enclosed 
and the unique bicolour switch. 

Plus Proximity Switches -A new 
range covering AC /DC types to 
DIN standards. 

IMO and OMRON products are compatible all 
along the line, which should gladden the heart of 
circuit designers everywhere. They are always 
available ex -stock at highly competitive prices - 
which will make buyers happy too.Plus of course, 
IMO's helpful and unmatched service.All of which 
we hope you'll find most impressive. 

IMO. There's more to us than you may know. 
IMO Precision Controls Ltd, 349 Edgware Road, 
London W.2. Tel: 01 -723 2231. 

Something of interest if you're 
impressed with our relays. 

Limit Switches Photoelectric Switches 

WW -058 FOR FURTHER DETAILS 
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TestÏny, 
testing, 

600 Function Generator. 0.01 Hz to 100kHz. I Sine, square and triangle, 10V pk -pk 
output. 

2601 Function Generator. All the features of 
the 600 plus 0.001 Hz to I MHz, 20V pk -pk 
output. 

3 602 Variable Phase Oscillator 10Hz to 
100kHz, two output channels. Phase 
variable throughout 360'. 

4. three options. TTL wave. 
603 Sine Square Oscillator, square wave with 

and Aux Sine 

5 610 Digital Frequency Meter. True 
frequency readings even below 10Hz. 
Frequency range 0.001 Hz to 10MHz. 

-«e«w 

o 

Ñ 
, u4.. 0 

111 _Oil 111 

Five new test instruments 
on performance and price 

to meet your specifications 

*he Feedback 600 Range 

rSee for yourself, by sending for our free colour brochure. 
To Feedback Instruments, Park Road, Crowborough, 

I Sussex TN6 2QR or telephone George Butterfield on 
(089 26) 3322. 

I Name 

Company 

Address__ 

I Tel 
LI am interested in 600 601 602 603 610 

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 unit can be used with high powered equipment 
such as broadcast units and P.A. systems. Use it too in 

studios with effects units. 

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

Or, for more information, call Andrew Stirling at 

01 -340 3291. 

FIE Allen and Heath Limited. 

WW -027 FOR FURTHER DETAILS 
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Wayne Kerr new component meter 
The B424 is a simple -to- operate, Key features of the B424 include: 

low -cost meter that gives accurate 
component measurements over an Measurement from 0 to 20 megohms, 20 mil lifarads and 
extremely wide range. It will verify 2000 henrys. 
claimed values and tolerances almost as 
quickly as components can be connected. Input protection against charged capacitors. 

It is particularly suitable for batch - 
testing at Goods Inwards, and for Battery /mains operation. 
individual component checking at 
Inspection or in laboratories. MI Low -level test signals to protect components. 

Readout on the LCD display is within 
an accuracy of 0.25% i 1 digit on all Analog and digital outputs for ancillary equipment (such as 
ranges. Limits Unit at Goods Inwards). 

Advanced features include fully 
automatic adjustment of test signal level Continuous up- dating of display for changing values. 
and frequency, so the operator doesn't IN= mum 
have to calculate and reset for each type Please send me full information on the B424 component meter. of measurement WW 10/77 
Full information is available from : I Name 
Wilmot Breeden Electronics Limited, 

I Company 442 Bath Road,Slough,SL1 6BB England. 
Tel : Burnham (06286) 62511 Address 
Telex : 847297 

4 Wayne Kerr 
' Tel 

LWilmot Breeden Electronics Limited442 Bath Road ,Slough,SL1 6BB 

WW -075 FOR FURTHER DETAILS 
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Total Capability 
in soldering 

PC /2 SYSTEM Variable power 
electronic 
control at . 

economic 
cost d1 

) ----- -'j 
Send TODAY for FREE 
Catalogue with full details 
of this and other 
equipment 

r r rr 
"Nf'sI 

J / 

ETC /2A SYSTEM Adjustable and 
transient free 
electronic 
temperature 
control 

TC 50 Self- contained 
adjustable thermostatic 

iron, mains or 24V 

SOLDERING IRONS 
Comprehensive range of 

ow cost irons 10w to 75w 

io 

DE- SOLDERING TOOLS 
Built -in heating and 

suction. Maihs, low voltage, 
or electronically controlled 

LIGHT SOLDERING DEVELOPMENTS LTD 
97 -99 Gloucester Road, Croydon,Surrey CRO 2DN Telephone 01 -689 0574, Telex 8811945 

WW - 070 FOR FURTHER DETAILS 

N IWior electronic design engineers! 

FIX -PRINT for printed circuits 

Invaluable for 
holding P.C.B.s and other 
panels when inserting and soldering 
components. Can be adjusted to suit work up to 280mm, 
rotating to gain access to reverse side and locks in any 
position. All metal. 

DIY 
EXHIBITION 

15-29 October 

Olympia 
Empire Hall 
SEE OUR 
STAND 

Price £10 inc. VAT. P &P £1 

Write or phone for full details 

S2 Drill Stand 

Robust, all metal with ample throat 
dimensions. Adjustable height canti- 
lever with lever actuated feed. Spring 
return. Will accept both P1 & P2 drills. 
Price £18.50 inc. VAT. P &P 106p. 

Sole UK Distributors 

S1 Drill Stand 

Constructed to take the popular P1 drill 
and ensure a high degree of accuracy in 
all types of electrical precision work. 

Price £5.13 inc. VAT. P &P 38p 

PRECISION PETITE LTD 
119a HIGH STREET TEDDINGTON MIDDLESEX TW11 8HG 

TEL 01-9770878 
WW - 060 FOR FURTHER DETAILS 
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S.E.E.D. 
THE NEW NAME IN MINIPROCESSORS AND ASSOCIATED EQUIPMENT 

ARE YOU LOOK /NG 
FOR A SYSTEM? 

ALTAIR, IMSAI, POLYMORPHIC 
OR SWTPC 6800 

Systems no longer have to look like this 

Send for our comprehensive 
catalogue and price list on: 

TERMINALS 

PROCESSORS 

MEMORY 

EPROMS 

CASSETTE INTERFACE 

FLOPPY DISK SYSTEMS 

ETC., ETC. 

We can supply them like this 

Or let us quote you for a system 
tailored to your requirements and 
housed in the desk of your choice, i.e. 
Sapele as shown above or pressed 
steel (two -tone finish) as below. 

STRUMECH ENGINEERING ELECTRONICS DIVISION 
PORTLAND HOUSE, COPPICE SIDE, BROWNHILLS 

PHONE BROWNHILLS 4321 
WW -083 FOR FURTHER DETAILS 
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there are 
transformers and 

Drake Transformers 

Wireless World, October 1977 

A wide range of transformers 
manufactured in production 
quantities to customers' own 
requirements; prompt design 

and prototype service. 

Drake Transformers Limited 
South Green Works, Kennel Lane, Billericay, Essex CM 1 1 2SP, England 
Telephone: Billencay 51155 Telex: 99426 Cables: Drakentrans. Billencay. England 

WW - 006 FOR FURTHER DETAILS 

R.F.I. WILL YOU BE 

READY FOR MAY 1918? 
The E.E.C. Directive 76/889, covering radio interference 
caused by electrical household appliances, portable tools and 
similar equipment, will become law in 1978. 
To assist manufacturers to comply with these regulations Erie 
have not only established a fully equipped suppression 
laboratory for undertaking R.F.I. testing, but have also 
developed a wide range of components to perform this 
suppression function. 

SendJor our brochure on R. F. I. and discuss your problems :.irh our 
Engineers. 

ERIE ELECTRONICS LIMITED 
Resistor Division, 
South Denes, Great Yarmouth, Norfolk. NR30 3PX 
Tel: 0493 56122. Telex: 97421. 

Components ITT 
WW - 005 FOR FURTHER DETAILS 

The Quickest, 
Simplest Way of 
Punching Holes 
in Sheet Metal 
Q-Max punches make clean, accurate 
holes every time. In no time With no 
filing, no jagged edges, virtually no 
burrs -with no hard work. And no 
holes are barred. Round or square, 
Q-Max punches are available in 
sizes down to 10 mm up to 75 mm for 
use on sheet metal up to 16 gauge. 
No wonder they're used by all 
government services (Atomic, 
Military, Naval, Air, GPO. Ministry of 
Works) and all over the world by radio, 
motor and industrial manufacturers, 
plumbing and sheet metal trades and 
garages. 

57 
metric 

and linear 
sizes 

SIM 
METAL 
PONCHES 

Wholesale and Export enquiries welcomed. Further details from, 

"0 -MAX" (ELECTRONICS) LTD 
40-41 FURNIVAL STREET, LONDON EC4 - 01 -242 7400 

WW-017 FOR FURTHER DETAILS 
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CT 64 
VISUAL DISPLAY TERMINAL 

* 16 Lines per page 
* 64 or 32 Characters per line 
* Upper and lower case letters 
* Full 8 Bit Memory 
* 128 Character Ascii Set 
* 110/220 Volt 50 -60 Hz Power Supply 

* Scrolling or Page Mode Operation 
* Control Characters decoding - 32 Combination 
* Prints Control Characters 
* Usable with any 8 Bit Ascii Computer 
* Reversed Background - 

Complete with:- Chassis and cover, cursor control, 1 10 -1 200 Baud serial interface and keyboard. 
Optional monitor show in photo available. 

Now you can buy it. The Terminal that has all the features that people have been asking us to include. The CT -64 has all the functions that you could want in a terminal and they may be operated by either switches, or through a software programme. 
All cursor movements, home -up and erase, erase to end of line, erase to end of frame, read on, read of, screen reversal, 
scroll, no scroll, solid cursor, blinking cursor, page selection and a beeper to warn you of end of page; all are provided 
for your use in the CT -64. 
You may also switch from upper case only, teletype style operation to upper -lower case typewriter style operation. You 
can reverse the field on individual words to highlight them, or you can reverse the whole screen. 
CT -64 is complete with keyboard, power supply serial interface and case. A matching 9 inch monitor with co- ordinated 
covers is also available to make a complete system. 

Price effective 1/11/77 Visual Display Terminal CT -64 £230 Kit Form 
Matching Monitor CT -VM £140 Assembled 

A UHF Modulator is also available which allows you to plug into the aerial socket of your T.V. On some T.V.s unless the 
line length is limited to 32 characters some definition will be lost. 

MOD 1 Modulator £4.50 
Prices quoted do not include VAT 

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

Name 

Address 

SOUTHWEST TECHNICAL 
PRODUCTS CO. 

174 IFIELD ROAD 
LONDON SW10 

TEL. 01 -373 8571 

WW - 100 FOR FURTHER DETAILS 
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dissatisfied 
with your 

SOUND? 
Non -Linear Phase? Crossover Roughness? 

Capacitor Re- actance? Unbalanced Outputs? 
Bass Loss as Low Power? 

Contented JORDAN -WATTS Loudspeaker 
users know nothing of such problems - they 
enjoy fatigue -free clean natural sound from 

their amazing single metal daphragm 
full -range JORDAN -WATTS High Fidelity 

Loudspeakers. 
With 4 out of 5 emigrating to ease the balance 
of payments JORDAN -WATTS Loudspeakers 
are sometimes hard to find, but the reward is 

years of pleasure. 

Service delays? Not with JORDAN -WATTS 
Instant Exchange Service. 

Send stamps for illustrated brochure and 
D -I -Y details to:- 

Jordan -Watts Ltd., 
Benlow Works, 
Silverdale Road, 
Hayes, Middx. UB3 3BW 
Tel: 01 -573 6928 

Name 

Address 

JORDAN 
¿jfA ITS 

LOUDSPEAKERS 
the vor t )f I i ghh fit It 

WW - 072 FOR FURTHER DETAILS 
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FREQUENCY COUNTERS 
1 /10 Hz to 1.2GHz 

High performance instruments measuring frequency, period. time, 

freq. /ratio and calibrated output facility. Fast delivery. Specials by 

,arrangement. 

Ilr ~rte - -- TYPE 801B 

( k', I Al (Al N 

R:AIIN( , " \\' ^I_ £274 250 MHz 
( AH 

Sensitivity 10mV. Stability 5 parts 10. 
Resolution -} 1 Count 

301M 
501 

8018 /M 

32MHz 5 Digit £98 
32MHz 8 Digit £192 

250MHz 8 Digit £280 

Start /Stop versions plus £18 

401A 

101A 

901M 
1001M 

32MHz 6 Digit £135 
80MHz 8 Digit £210 

520MHz 8 Digit £385 
1.2GHz 8 Digit £670 

Memory versions available if not 

suffixed M £30 extra 

Type 101 1MHz 100KHz 10 KHz Crystal Standard £98 
Type 103 Off /Air Standard £98 

SUPPLIERS TO: Ministry of Defence, G.P.O., B.B.C., Government Depts., Crysisl 
Manufacturers and Electronic Laboratories world -wide 

iJ 

1 +Ls 
R.C.S. ELECTRONICS 

6 WOLSEY ROAD, ASHFORD 
MIDDX. TW15 2RB 

Telephone: Ashford (Code 69) 
53661/2 

WW -057 FOR FURTHER DETAILS 

BULK ERASURE PROBLEMS? 

LR71 
MAX REEL SIZE 111/2" 

LR70 
MAX REEL SIZE 81/4" 

If it's personal we can only advise a diet or joining weightwatchee. 
If it's to do with tape, then why not consider the LR70/71 bulk 
tape erasers. They are simple to operate and will erase cassettes, 
cartridges and reels of tape up to a maximum reel size of 1 1 Y2" 
and tape width of 1", quickly and efficiently within the time it 
takes to read this advertisement. 

The LR70/ 71 bulk erasers are currently used in Broadcast 
Companies, Recording Studios. Government Departments, 
Educational Establishments and the Computer Industry. 

Moderately priced and available from 

LEEVERS -RICH EQUIPMENT LIMITED 
INCORP. BIAS ELECTRONICS 
319 Trinity Road, Wandsworth, London SW18 3SL 
Telephone 01 -874 9054 
'Cables: Leemag London SW18. Telex 923455 Wembley 

WW -037 FOR FURTHER DETAILS 
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SALES & 
REPAIRS 

Buy direct from authorised U.K. distributor 

Guaranteed repairs and recalibration service 

Farnell International Instruments Ltd. 
Sandbeck Way, WETHERBY 
West Yorkshire LS22 4DH 
Tel: 0937 63541 
Telex: 557294 

WW - 082 FOR FURTHER DETAILS 

METER PROBLEMS? 

Mi 

2 3 

l lllllll( 

V 

137 Standard Ranges in a variety of 
sizes and stylings available for 10 -14 
days delivery. Other Ranges and 
special scales can be made to order. 

Full Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.1 Phone: 01/837/7937 
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TIME 

The 
format 
a host 
with 
setting, 
important 
This 

FOR 
WIRELESS? 

hour 

LEDs, 
slow 
most 

display. 

r- _, _ 
L LI._It 

MA1012 LED digital clock module is a full 12/24 
clock unit, operating from 50 /60Hz mains and offering 
of features: Hours, minutes display in bright 0.5" 

optional seconds, sleep and snooze alarms, fast and 
PM indicator, switched output for radio, but the 

feature is the non -multiplexed directly driven 
means no RFI, so the MA1012 is ideal for use in any type 

into 
" total!! 

vat) 

of radio tuner etc. The neat fitting means it can be slotted 
many existing cabinets /chassis - only 1.75 x 3.75 x 0.7 
£9.45 per module - isolating mains transformer £1.50 (8% 
Two modules and two transformers for £20.00 + 8% VAT. 
AMBIT 
on TOKO's 
HF 

announce a new addition to the catalogue - information 
new ceramic ladder filters, 2.4kHz SSB filters etc. 

coils, new flat faced low cost panel meters. Catalogue 45p. 
..." 

""' "'" DETECKNOWLEDGEY_::.:. 
Metal 
manufacturers 
The 
VC0 
moldings 
up using 
DEMONSTRATIONS 

?`> ":99its »- 
locator principles and practise, including some of the facts that the 

of £100+ metal locators wouldn't like you to know !! £1.00 
Bionic Ferret 4000 -A little detector technology of our own. The 
based metal locator for the electronics constructor, including platsic 

for housings of electronics and search coil, tubing etc. Can be set 

just a test meter.'All in' price £34.26 inc PP and 8% VAT. 
AVAILABLE AT OUR OFFICES IN BRENTWOOD HIGH ST. 

COMPONENTS ETC 
As usual, Ambit offers a comprehensive range of components and 
for wireless, including over 300,000 types of signal inductors for just 
every conceivable RF signal application from 5kHz to 300MHz. 
SEMICONDUCTORS Modyles /tunerheasli, 

: 

modules 
about 

FM £7.50 
FM £12.95 

FM £7.50 
014.00 

op) £17.50 
mix £11.45 

E26.50 
E26.50 
£6.95 
£10.$5 

CA3089E 
KB4402 
HA1137W 
TBA120 
TBA120S 
SN76660N 
u A720 
CA3123E 
HA1197 
TBA651 
MC1350 
uA753 
LM1496 
MC1310P 
CA3090AQ 
HA1196 
LM380N 
LM381 
tda2020 
tca940e 
tba810as 
LM301an 
CA3130T 
uA741 
LM3900 
7805uc 
tda 1412 
78M2Ouc 
78M24uc 
uA723cn 
NE550a 
TAA550b 
icI8038cc 
NE555v 
NE566v 
NE567v 
NE560B 
NE561B 
NE565k 
MC1312 
11C90 
ZTX107 
ZTX108 
ZTX109 

FM IF 1.94 BC413 to noise 0.18 EC3302U 3 varicap 
FMIF 1.94 40238 shld.RF 0.25 EF56000 5 varicap 
FM IF 2.20 BF224 .6GHz RF0.22 NT3302UG 3 gang 
FM IF 0.75 BF274 .7GHz 0.18 EF5800 6 varicap FM 
FM IF 1.00 ZTX212 50v /.3W 0.17 EF5801 (5800 +osc 
FM IF 0.75 ZTX213 30v /.3W 0.16 83194varicap mos 
AM radio 1.40 ZTX214 30v /.3W 0.17 7252 fm tunerset 
AM radio 1.40 ZTX451 60v /1W 0.18 7253 stereo tunerset 
AM radio 1.40 ZTX551 60v/1W 0.18 7020 cer. tilt. fm if 
AM radio 1.40 BD515 45010W 0.27 3.9 linear phase_ 
agc gain 1.00 BD516 45v /10W 0.30 1NBFM1 kit for 455-470kHz 
FM gam 1.80 BD535 60v /50W 0.52 nbim if filter /amp /detector 
Bal mix 1.25 80536 60v /50W 0.53 for +12v 
mpx dec. 2.20 130609 80v /90W 0.70 92310 mpx decoder 
mpx dec. 4.35 BD610 80v /90W 1.20 91196 mpx decoder 
mpx dec. 4.20 BF256 1GHz jfet 0.34 filter 
2w AF 1 .00 E176 p ch. swt. 0.38 
st. pream. 1.81 MEM614 (40822) 0.38. 

93090 mpx decder. 
91197 mw /Iw tuner 

15w AF 2.99 MEM616 (40673) 0.57 7122 3 varicap am tuner 
10w AF 1.80 MEM680 to noise 0.75 MW or LW) kit 
7w AF 1.08 BA102 vhf varic. 0.30 810k complete TBA81OAS 
op amp 0.39 BA121 0.30 module kit 
mos oa 0.85' 68104 ' dual varic 0.45 940k as above with 
op amp 0.34 136105 uhf varic 0,40 (both kits inc heatsink) 
op amps 0.68 mvam2 dual am 1.48 NB All our audio ICs 
5v/1 A 1.55' mvam115 15v /AM 1.05 "short circuit" protected 
12v /.6A 0.95' mvam12525v am 0.90 defined by the manufacturer 
20v /.5A 1.20' 

filters 
AN our mpx decoders 

COILS &fil 24v/.5A 1.20' provided with TOKO 

}.h.95 
£6.95 

&birdy 
£12.99 
f8.36 
£11.35 
for 

£9.00 

E3.00 
tca 940E 

£3.95 
are 

as 

are 
mpx 

FM IF 

price list) 

variable 0.80 10mm notch filters. All our 
variable 0.80 AM IFts with cap. 0.30 modules use the improved 
32v ref. 0.50' FM IFts with cap. 0.33 mute version HA1 í37W. 
sig gen 4.50' eegg Qt11erS (from gen. 
timer 0.70 YHCS11098AC2 0.30 FX1115 ferrite beads 
vco 2.50' VHCS12374AC2 0.30 
tone dec. 2.50' YH FR1 mw/lw fernte 0.30 Min foil trimmers by 
hf pll 3.50' KACSK586HM 0.33 5/10/20pF swing 7.5 
hf pll 3.50. 7mm IFs for RC 0.33 33/42pF swing 7.5 
If pll 2.50 CFS10.7 ceramic 0.50 60pF swing 10mm 
quad 1.50 BLR3107N mpx 1.90 22turn 100k diode law 
650MHz 14.00'BBR3132 6 of fm 2.25 tnmPots for varicaps 

10/25p 
rod £0.90 

Dau: 
0.18 
0.26 

dia 0.24 

0.45 
0.05 
1.15 

OA. 

50v /.3W 0.14 1000pF feedthrus 
30v /.3W 0.14 MFK 7/9k Hz z 1.65 

10000uF /63v 
30v/.3W 0.14 Chokes 1u1-1 to 124mH 

VAT is extra at 12.5% except where otherwise shown. Postage now 25p 
per order please. Catalogue 45p inc pp & vat. Please send an SAE with 
all enquiries (a5 or larger size please) Price list free with an SAE (a5 size) 

AMBIT 
INTERNATIONALa 
2 Gresham Road. Brentwood. Essex CM14 4MN Tel (0277) 216029 

WW -084 FOR FURTHER DETAILS 
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KGM TV CAMERAS 
r /° 

, %/,///%, /%°!% % / ////%%, /%ii 
%///// % 

Type 130 is a compact 2/3 inch camera with an unusually 
high specification for a camera 6f this size. It is a sturdy, 
reliable camera of great versatility. 

Type 150 is a 1 inch camera with -a similar specification to 
the 130 and particularly suitable for industrial use. 

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 
UMfTED 

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

WW -021 FOR FURTHER DETAILS 

HVS NON- CONTACT MEASUREMENT 

AND CCTV DISPLAYS 

NON -CONTACT MEASUREMENT, using standard 
CCTV cameras. Fast, versatile measurements for 
Production and Test: 
VP 101 /2 TARGET LOCATORS for automatic positioning. 
VP 103 TARGET HEIGHT INDICATOR for dimension 
checking. 
VP 104 AUTOMATIC VISIBLE FLAW DETECTOR. 
VP 105 INTENSITY' INDICATOR checks brightness at 
selected spot. 
CCTV DISPLAYS compatible with standard CCTV 
equipment. 
BAR GRAPH GENERATORS 8 -32 way displays. 
SUBTITLE /INDICATOR superimposes pre- stored and 
typed -in messages, also movable arrow and box, on CCTV 
picture. 

HAMPTON VIDEO SYSTEMS LTD. 
Heath Road, Twickenham. Tel. 01 -891 1974 

WW - 023 FOR FURTHER DETAILS 

PHILIPS PHILIPS 

PHILIPS 
HI-FI D=c:Jß 

The top sellers for home assembly in 
Europe -now available in the U.K. 

Now - read all about the Philips range of 

quality kits for home assembly - mixers, amplifiers, 
speakers, etc, etc. Send today to 

S.S.T. Distributors (Electronic Components) Ltd., 

West Road, Tottenham, London N17 ORN 

release send me, quickly, the new colour catalogue. 

Name 

wwtot 

Address 

SEND I 
TODAY! 

S.S.T. Distributors is a member of 
the Philips Group of Companies. 
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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 relay for most applications, e. g.: 

Flatfoxm Relay AZ 531 
for universal. application with 
control circuits, i. e. for 'black and 
white< operation. 2 independent 
changeovers. Contact material: 
Fine silver, silver cadmium oxide, 
fine silver with hard gold flashing. 
Printed circuit mounting 
127.5x22.5x11 mm). 
Coil voltages: 6 to 110 VDC. 
Contact rating: 
110 VDC /125 VAC max., 
1A/2.5 A max., 30 W /100 VA. 
Also available in spray -proof version 
with an ultra -welded base. 

Let us help you with your switching problems. 

ZETTLER 
est. 1877. 

Zettler UK Division 
Brember Road Harrow, Middx. HA2 8AS Tpl (01) 4220061 

Please look us up at 
INTERNEPCON '77. METROPOLE. BRIGHTON 
& NATIONAL HOUSING '77 18/19/20 Oct. 

Harrogate Exhibition Centre. Harrogate 

Zettler offers more than technology 

WW -II FO FUR LS 

CATRONICS 
QUAD IS HERE 

25 

Based on the design for a MATRIX H DECODER published in June issue of 
'Wireless World', this Decoder is 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 £38.25. 

Ready built: housed in attractive cabinet with integral power 
supply and Stereo /Quad switching at £89.37 

These prices include Sansui Royalt Fee, VAT and P &P 

WW TELETEXT DECO 
Our ka contains all the printed circuit 
boards and components necessary to 
build the complete decoder 

A reprint of the series of articles is 
available et El. 50 + large 15p SAE 
(included free m complete kit). 

f6 < 

tenderer version New version Post h 
PRICES INCLUDE VAT using 2513 with Texas x887 Packing 

Set of 5 PCa. £21.70 E21.15 30p 
Component Kit (incl. PCB.) E120.66 E133.70 Et 50 
Add-on Unit for lower case PCB E2.70 - - 
Component Kit (incl. PCB) E13.76 - 
Cabinet 714.65 £14.85 r1 00 

IiTED THROUGH hole PCB. for TEAAS version only at additional cost of E27.00 
COMPONENTS ALSO AVAILABLE SEPARATELY - SAE for price list 

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

HF FREQUENCY 
COUNTERS 

200MHz, 7 digit, D.F.M. for 
direct readings up to the mobile 
radio VHF 'High Band'. 
Will operate on mains or 12V 
supply. making it ideal for use 
with mobile equipment. 

Manufactured and guaranteed 
by Catronics Ltd. CATRONICS LTD. Price only £137.50 + EL 50 

(Dept. 720) carriage + 8% VAT. 
Write for illustrated leaflet. Communications House 

a t ro n ics Tá!019 -669 6700 

Square 
Surrey 

valComiroostftowoo- 
WW -720 FOR FURTHER DETAILS 

FAST RESPONSE STRIP 
USSR 

CHART RECORDERS 
in 

Series H3020 

Basic error: 2.5% 
Sensitivity: 8mA F.S.D. 
Response: 0.2 sec. 
Width of each channel: 
Single and three -pen 
recorders: 80mm 

.Five -pen recorders: 50mm 

Chart speeds, selected by push buttons 0.1-0.2-0.5-1.0 - 
2.5 -5.0- 12.5 -25 mm /sec. 
Chart drive: 200 -250V 50Hz 
Recording: Syphon pen directly attached to moving coil frames. 
Curvilinear co- ordinates. 
Eqúipment: Marker pen, timer pen, paper footage indicator, 10! 
rolls of paper, connectors, etc. 

H3020 -1 (Single pen): 285mm wide x 384mm deep x 165mm 
high PRICE £108.00 

H3020 -3 (Three pen): 475mm wide x 384mm deep x 165mm 
high PRICE £160.00 

H3020 -5 (Five pen): 475mm wide x 384mm deep x 185mm 
high PRICE £295.00 

Series H327 

Polarized moving iron movements 
with syphon pens directly attached 
Built -in solid state amplifier (one 
per channel) provides 8 calibrated 
sensitivity steps. Two marker pens 
are provided. 
Basic error 4 %. Frequency 
response from DC to 100Hz 2dB. 

Sensitivity: 0.02 - 0.05 - 0.1 - 0.2 - 0.5 1 - 2 - 5 volts /cm 
Width of each recording channel: 40mm 
Chart drive: 220 -250V 50Hz 
Chart speeds 1- 2- 5- 10 -50- 125 -250mm /sec. 

Type H3271 -1. Single pen: Dimensions: 259 x 384 x 165mm 
Weight 15 kilos PRICE £265.00 

Type H327 -3. Three pen: Dimensions 335 x 384 x 1654m 
Weight 20 kilos PRICE £520.00 

Type H327 -5. Five pen. Dimensions: 425 x 385 x 165mm. 
Weight 25 kilos PRICE £770.00. 

Note Prices are exclusive of VA 

Available for immediate delivery 

Z & I AERO SERVICES LTD. 
Tel. 01-727 5641 

44A WESTBOURNE GROVE, LONDON W2 5SF 
Telex: 261306 

WW - 055 FOR FURTHFR DETAILS 
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Join the Digital 
Revolution 

Understand the latest 
developments in calculators, 
computers, watches, telephones, 
television, automotive instrumentation . . . 

Each of the 6 volumes of this self- instruction course measures 
113/4" x 81/4" and contains 60 pages 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 on to a complete 
understanding of the design and operation of calculators and 
computers. 
Design of Digital Systems. 

£7.10 
plus 90p packing and 
surface post anywhere in 
the world. 
Overseas customers should 
send for Proforma invoice. 
Quantity discounts 
available on request. 

VAT zero rated. 

Also available - a more elementary course assuming no prior 
knowledge except simple arithmetic. 
Digital Computer Logic and Electronics. 
In 4 volumes 

1. Basic Computer Logic 
2. Logical Circuit Elements 
3. Designing Circuits to 

Carry Out Logical Func- 
tions 

4. Flipflops and Registers 

£4.60 
plus 90p P. & P. 

Offer Order both courses for 
the bargain price £1 1 .10 plus 
90p P. & P. 

A saving of £1.50. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 
Student 

These courses were written so that you could 
teach yourself the theory and application of 
digital logic. Learning by self instruction has the 
advantages of being quicker and more thorough 
than classroom learning. You work at your own 
speed and must respond by answering questions 
on each new piece of information before 
proceeding to the next. 

NEW from Cambridge Learning Enterprises. 

FLOW CHARTS & ALGORITHMS 
use, design & layout; vital for computing, 
training,-wall charts, etc. 

£2.95 
- plus 45p 

p &p 

Guarantee - If you are not entirely satisfied your money will be 

refunded. 

rTo. Cambridge Learning Enterprises. Dep COM FREEPOST 
Rivermill House, St. Ives, Huntingdon. Carobs. PEI 7 45R. 

send me set(s) of Design of Digital Systems at £8.00 each 
included 

"or . . . set(s) of Digital Computer Logic and Electronics at £5.50 each 
include 

'or 
'or 

Name 

combined sells) at (12 00 each, p & p included 
The Algorithms Writer's Guide at £3.40 each. p & p Included 

Address 

'delete as applicable 
No need to use a stamp - just print FREEPOST on the envelope 

L 

P & p 

P & P 
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NEW 3000 TWEETER 

Technical Data 

Frequency response: 

2 Kc s to 15 Kc s with n 3db 

Imped nca: 

15 of ms or 8 ohms 

Flux Density: 
10.000 gruss. 

Dimensions Front Mounting: 

Body 2H.. (702 m m)dia e 

(31 m m) deep 

Flange 31- (95 m m) r 
(3 m m) thick 

o all 1j.. (35m m) 

Power Handling: 
For use on 30 - 50 watt Amplifiers 

Suggested Crossover: 

i E 

<lr 
, ImH COMBINE 

THE 
WITH OUR 

BRAND 

THE 
WELL -EST 

NEW 3000 AB- 
TWEETER TO SOUND 

IMMEDIATE BOTH PRODUCE WITH AN AND CLARITY OPENNESS 

ASTOUND 
THAT 

WILL 
Coles 
Electroacoustics Ltd. 
PINDAR ROAD HODDESDON EN11 OBZ 

Telephone Moddesdon 66685 80060 

Send s.a e. for suggested cabinet arrangement 

Wilmslow 
Audio 

THE Firm for Speakers! 
SEND 10p STAMP FOR THE WORLD'S BEST 

CATALOGUE 
OF SPEAKERS, DRIVE UNITS, KITS, CROSSOVERS, 

ETC. 
AND DISCOUNT PRICE LIST 

ATC AUDAX BAKER BOWERS & WILKINS 
CASTLE CELESTION CHARTWELL 

COLES DALESFORD DECCA EMI 
EAGLE ELAC FANE GAUSS 
GOODMANS HELME I.M.F. 

ISOPHON JR JORDAN WATTS KEF 
LEAK LOWTHER McKENZIE 

MONITOR AUDIO PEERLESS RADFORD 
RAM RICHARD ALLAN SEAS 

TANNOY VIDEOTONE WHARFEDALE 

WILMSLOW AUDIO (Dept. WW) 

SWAN WORKS, BANK SQUARE, WILMSLOW, CHESHIRE SK9 1HF 

Discount Hi -Fi, etc., at 5 Swan Street and 10 Swan Street 

Tel. Wilmslow 29599 for Speakers Wilmslow 26213 for Hi -Fi 

WW -044 FOR FURTHER DETAILS 
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3 MORE MAGNUM MODULES 
CP-D R 1 Dynamic Range Controller - re -expand compressed programmes and make noise -free tape recordings 

CP -TM1 Peak Programme Monitor CP -LX2 2 -Point Linear Phase Active Crossover 

-The dynamic range of radio broadcasts and commercial recordings rs normally compressed - by using the CP -DRt you can 
re-expand and recover lost dynamics When you record onto tape. almost half of the potential dynamic range will be lost in noise 
and /or overload distortion again the CP -DR1 can be used to give noise -free recordings of full dynamic range. It can also be used 
for producing 'constant volumé' background music or for listening in high -noise environments the motor car ?). 

Like other 'Cr series Magnum Modules the CP -DR1 Is a full stereo module encapsulated in professional -grade epoxy resin It 
requires only one or two potentiometers and one or two switches to complete. is fully compatible with the'CP' series and is easily 

. nterfaced into most other systems Full application data is of course. provided. 
CP -9R1 Dynamic Range Controller 
CP -TM1 Peak Programme Monitor 
CP -LX2 2 -Point Linear Phase Active Crossover 
CP -LX2 -P As CP -LX2 pre-set to your choice of frequencies (please specinfyl 

E36.80 VAT E4.60 
E7.64 VAT E0.96 

E12.98 VAT £1.62 
E14.48 VAT E1.81 

CIffp2Im LS 

SEND SAE for details of MAGNUM AUDIO MODULS. 
CP -LX1 ) Single Point Active £8.65 VAT £1.08 
CP -LX1 -P ) Crossover Networks E9.65 VAT E1.21 
CP -P1 Stereo Preamplifier £13.30 VAT £1.66 
CP -FG1 Audio Function Module E11.75 VAT E1.47 
CP -2 -15/20 20 + 20W or 40W Amplifier £12.85 VAT E1.61 
CP- PS -18/2D Power Supply Module £6.50 VAT £0.81 
Also available: pots, switches, knobs. sockets, etc. and 'Mother PCBs. 
Prices include full application data, post and packing. 
Barclaycard and Access facilities available. 
Products guaranteed 2 years. 

DEPT. KW, 13 HAZELBURY CRESCENT e LUTON, BEDS, LU1 1DF Tel: 0582 415832 
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¿arsho/iL ti For less than £100 
the best fm tuner kit in the world. 

Signalmaster Mark VIII Larsholt Electronics have been in the business of 
making tuners since the 1920's and the 

new Mark 8 reflects this experience, 
combined with contemporary 
looks, and contemporary 
electronics. 
It is a superb kit, with totally 
comprehensive assembley 
instructions and pilot tone filter. 

Complete Kit 
£85.00+ 121/2% VAT 
carriage £2.50 

Typical performance luV for 26dB S /N, with mute, afc, age, 
5 presets, scan tuning, manual tuning. With a 4 circuit tunerhead, 
not just 3 as in the LP1186 

ambit INTERNATIONAL 
See also the matching 
25 +25W Audiomaster 
amplifier from Larsholt 

37 High Street, Brentwood, Essex. CM14 4RG. tel. 0277 216029 telex 995194 
ww - 010 FOR FURTHER DETAILS 

servob 

synchronous 

steppers 

d.c. motors 

control systems 

gearboxes 

friction 

clutches 

instrument 

couplings 

for a technical advisory service and 

off the shelf delivery, contact 

moInan 
telephone 03446 5757/8 
MOTOR STOCKISTS FOR 
IMPEX, PORTESCAP 
PRINTED MOTORS 

McLENNAN SERVO SUPPLIES LTD. 
KINGS ROAD, CROWTHORNE, BERKS. 
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Portable 
Frequency Counter 

Model 585 
8 -Digit Resolution, 0.3" LED display. 
Frequency measurements to 250 MHz. 
Battery/Line Operation. 
4 -hour rechargeable battery module and charger incl. 
Gate, Overflow, and Low Battery indicators. 
Selectable Input Impedance, 50SZ or 1 MS2 

xl, x10, x100 Attenuator. 
Sensitivity: 10 mV RMS to 50 MHz, 50 mV RMS to 
250 MHz. 

CONDENSED SPECIFICATIONS 

FREQUENCY: Sinewave, 10Hz to 250MHz. Accuracy: ±(1 
count + time base accuracy). 

STANDARD TIME BASE: Frequency, 6.5536MHz; Stabil- 
ity: ±0.01 PPM /sec, ±0.6 PPM /per month, ±4 PPM /year. 

RESOLUTION: 10 Hz at 0.1 sec gate time; 1 Hz at 1 sec.; 
0.1 Hz at 10 sec. 

INPUT CHARACTERISTICS: Coupling: AC (r - 0.01 
sec). Impedances: 1 MSl II 25 pF or 50 SZ, selectable for 
source matching. Attenuation: xl, x10, x100. Sensitivity 
(at xl attenuation): better than 10 mV RMS, 20 Hz -50 

MHz; better than 50 mV RMS, 10 Hz to 250 MHz. 

DISPLAY: 8 LED digits (.3" High), 3 LED decimal points, 
3 LED indicators (gate, overflow, low battery). 

INPUT POWER: NiCd battery module (4 hours of in -spec 
operation between charges). Line: 105-125 VAC; 47 -400Hz 
(Model 585) or 210 -250 VAC, 47 -400Hz (Model 585E). 
Less than 1 Watt (battery operation). Instrument always 
recharging when connected to line, whether ON or OFF. 

SIZE & WEIGHT: 51/2"W X PA" X 31/2"D, 1.3 lb. 

Parnell 
U International 

SANDBECK WAY WETHERBY WEST YORKSHIRE LS22 4DH 

TELEPHONE 0937 63541 TELEX 557294 
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for those who 
appreciate CZulity... 

a complete electronic kit 
The Forgestone 400 

high quality 
colour television receiver 

SUPERB PICTURE QUALITY 
TOGETHER WITH PROVEN RELIABILITY 

9 integrated circuits 

Thick film resistor units 

Ready -built and aligned 
IF module 

Glass epoxy printed circuit 
panels 

Fully isolated power supply 
Plugs and sockets for easy 
panel removal 
Each module kit available 
separately 
Full technical construction 
manual 

High quality components LT supply regulator 

The isolated chassis makes the receiver ideal for the 
addition of Teletext decoders, remote controls etc. 
Please send stamp for further details of these quality 
products. 

Export enquiries invited VHF /UHF version available. 

Forgestone Colour Developments Limited 
Ketteringham, Wymondham, Norfolk, NR18 9RY, U K. 

Telephone: Norwich 810453 (STD 0603) r -'I 
7) 

MAIL ORDER - Barclaycard & Access accepted 
O 1J 
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PROFESSIONAL SERVICE FOR COMMERCIAL AND AMATEUR ALIKE 
FOR NEARLY 20 YEARS WE HAVE MANUFACTURED ANTENNAS AND MASTS AND NOW BOAST THE BIGGEST RANGE IN THE U.K. OUR AMATEUR DIVISION HAS 
PROBABLY THE LARGEST SELECTION OF SPECIALISED COMMUNICATIONS EQUIPMENT IN EUROPE. BELOW IS A VERY SMALL SELECTION OF OUR RANGE:- 

GENERAL COVERAGE RECEIVER 0.5 -30MHz MAINS & 12V DC FRG7 from £145+ 
SEARCH. MONITOR, TEST, AMATEUR, BROADCAST, WORLDWIDE SWL, 500 KHz to 30MHz continuous. 
SYNTHESISED FOR STABILITY. MAINS, 12 VOLTS DC, AND INTERNAL BATTERY PACK 
The FRG7 is a general coverage solid state receiver with specifications unparalleled in its price range. It uses a Barlow Wadley 
Triple -mix drift cancelling loop for spin -tuned inclusive coverage of 0.5 to 30MHz in IMHz bands. 
The receiver is sensitive (0.5p V for 10dB. S + N /N (SSB))and stable with AM, SSB, and CW modes catered for A3 position audio. 
filter, RF attenuator, dial lamp conservation switch, recorder and phone sockets are fined. 

-- NOW WITH DIGITAL READOUT OPTION 
FRG7 WItH DIGITAL-READOUT OPTION 

NOW SET TO 100Hz LED Readout With overrange, adj response. FRG7 
Analogue E145+ FRG7 with SMC Readout L1991+ VAT 121/2%). 

ABSORPTION POWER METER DUMMY LOAD 0.5- 200MHz YP150 £44+ 
The TP150 uses a fan cooled large carbon resistor in a Coaxial'. configuration with tapering trough. ground screen to 
provide a VSWR of better than 1 2.1 at 1 50MHz. The power meter is calibrated from 1.8 to 200MHz for 6, 30 and 150W 
FSD on a large 33/4" x 2" meter. Size 6 (7 ") x 4 %z" x 11 (12") weight 6 lbs. 

500MHz DIGITAL COUNTER AC & 12V DC, YC500 from £155+ 
The YC500 range of frequency counters registers a 25mV to 20V RMS Abs (.) signal (Into IMO or 500 inputs) from 10Hz on an 8 
digit switched range bright 1cm readout 100 -234V AC. 50 60Hz and 1 2 -14.5V DC 3" x 81/2" x 9" 7lbs 
YC500J 10ppm E155 (+ VAT) YC500S 1ppm E225 ( +VAT) YC500E 0 02ppm £285 (+ VAT) 

VHF DISCONE 
80- 480MHz with VSWR better than 1.5:1. 3dB1/4 
Excellent mechanical construction. S0239 socket. Mast 
clamps etc. Type GDX1 only £37.50+. 

VHF COLINEAR 
6dB' a. 130- 180MHz. 4MHz bandwidth. Low VSWR. 

l All A1. No radials. 3 %X in phase. S0239 fittings. 
,{ About 10'. 1 %11bs, Type ARX2 only E21.50 +. 

MOBILE WHIPS 
'' //X. DC Short Snap Mount. Matching transformer 
Shock spring. Tapered whip. C /W 12' cable and PL259 
plug. High band. Type 250 only f11.75+. 

j 

WALKIE TALKIES 
Handheld FM transceiver. 2W out @ 145MHz (Tunes 
137- 165MHz) sensitive receiver. Accessories include 
Charger, ants, KP202 from only £105 +. 

MONITOR RECEIVERS 
75`5, 150 ±20, 431 81 MHzFM, 1201-20, 
155 ±15MHzAM 1 or 12 switched or 4 scanning 
channels 21/2" x 11/2" x 41/2" 8oz, inc. nicad, from only 
£63+- 

CRYSTAL FILTERS 
Crystals 1 to 10 Goff (from £1.90 in 1 off!) 
9.00MHz 600Hz 2.4KHz 12KHz filters, £16 -£18 each. 
10.7MHz 600Hz 2.4KHz 12KHz filters, £16 -E18 each 

COAX RELAYS 
rt,gh quality 500 Silver plated gold contacts 50 -600W 
@ 500MHz Low crosstalk, 'N', BNC, cable entry, M, etc. 
etc. From £9.50+ 

0 ti" 

COAX FITTINGS 
UHF series a speciality PL259 48p each Large Discounts 
for trade quantities - adaptors, sockets coax cable from 
1 yard to 10 miles. 

TOWER MASTS 
Telescopic or fixed, 'offing or fixed base Guyed or 
selfsupporting. Towers and Masts. From 10' to 300'. 
Further details from SMC. 

By Post. Road. Sea or Air freight we despatch to over 100 countries, from a single coax plug to a mighty rhombic installation, from the Antarctic to the Equator 
Commercial: Your specific enquiry and request are most welcome Amateur: 30p stamps for 24 -page stock price list catalogue, etc. i 

. 5--___ -- ___,,,, .s 
% \ \ I/j I _- 

SOUTH MIDLANDS COMMUNICATIONS LTD. 
SM HOUSE, OSBORNE ROAD, TOTTON, SOUTHAMPTON SO44DN 

BRANCHES IN: LEEDS (0532) 782326 CHESTERFIELD (0246) 34982 W00DHALL SPA (0526) 52793 
Tel: Totton (04216) 7333 Telex: 477351 SMCOMM G Cables: "Aerial" Southampton 
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STEREO DISC AMPLIFIER 
FOR BROADCASTING, DISC MONITORING AND TRANSFER WITH THE HIGHEST 
QUALITY. Stereo Disc Amplifier 2 is a self -contained mains powered unit which 
accepts cartridge inputs and produces balanced line level outputs. Permanent 
rumble filtering and switched scratch included. 

1 KHz @ 6mV set for OdBV.7 loaded 600 ohms. 
Distortion Total Harmonic 
Output + 10dBV.7 30 Hz - 20KHz below noise. 
Output + 20dBV.7 1KHz 88dB, 0.004 %: 30Hz -20KHz 82dB, 0.008 %. 

Static Intermodulation distortion 50Hz + 7KHz, 4.1 
Output + 1 OdBV 7 90d13, 0.003% limit of measurement. 
Dynamic Intermodulation Distortion 3.18KHz square wave (single pole -3dß 
100KHz) + 1 5KHz sine wave, 4.1 . Relative to 15KHz component. 
Pre -emphasised input 1V pk -pk -70dB, 0.03% 
Cartridge impedance interaction on frequency response. 
High inductance cartridge. 1H Less than 0.2dB. 
Chipping Point Complementary to RIAA Curve 1 KHz clips at +24dBV.7 output 
30Hz -20KHz Within 1dB 

Clipping determined by onsei of peaky distortion products or THD exceeding -BOdB. 
-Differential Phase Shift between left and right channels 
50Hz -20KHz Within 0.5 
Worst error at LF and HF filter turnovers. Within 5 
Crosstalk 1 KHz -76d13: 3OHz -20KHz -60d13 

SURREY ELECTRONICS 
The Forge, Lucks Green, Crenletgh, Surrey GU6 7BG (STD 04866) 5997 

ELECTRONORGTECHNICA 

carbon film RESISTORS 
1/4 and 1/2w 70° C 5% toi. E.12 

CERAMIC CAPACITORS 
22pF to 47,000 pF 50 volts 

EX -STOCK 
Contact John Gingell 

AERO SERVICES LTD. 
44A Westbourne Grove 
London W2 5SF 
TEL: 01 -727 5641 TELEX 261306 z&I 
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JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 
SPECIAL FEATURES: 
* very low distortion content -less than 0.03% 
* an output conforming to RIM recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£60.00 
also available 

Sí451 Millivoltmeter 
* 20 ranges also with variable control permitting easy reading of 

relative frequency response £60.00 

Si452 Distortion Measuring Unit 
* low cost distortion measurement down to 0.01 % with comprehen- 

sive facilities including L,F. cut switch, etc. £48.00 
ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, W. YORKS. BD19 5LA. Tel. 0274 -872501 

WW-047 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


30 

seen from the 

angle 

the 201 is something 
quite personal ... 

The M 201 Hypercardioid moving coil 
microphone is designed for recording or 
broadcasting. The M 201 offers excellent 
Separation characteristics in extreme 
accoustical conditions. 

Specifications: 
Frequency Response: 40-18000 Hz. 
Output Level at 1 kHz: 0,14 mV /p bar 

-56 dbm (0 dbm 1 mw/10 
dynes /cm2). EIA Sensitivity Rating: 
-149 dbm. Hum Pickup Level: 
5 41 V/5 P Tesla (50 Hz). Polar Pattern: 
Hypercardioid. Output Impedance: 
200 t . Load Impedance: > 1000 2. 
Connections: M 201 N (C) = Cannon 
XLR -3 -50 T or Switchcraft: 2 +3 = 
200 2 1 = ground. M 201 N = 3 -pin 
DIN plug T 3262: 1 +3 = 200 2 
2 = ground. M 201 N (6) = 6 pin 
Tuchel. 
Dimensions: length 6 ", shaft 0 0,95 ". 
Weight: 8,60 oz. 

BEYER DYNAMIC (GB) LIMITED 
1 Clair Road, Haywards Heath, Sussex. 

Tel :Haywards Heath 51003 
WW -030 FOR FURTHER DETAILS 

Wireless World, October 1977 

Test Equipnie it 
Here's a brand new multimeter from Eagle: 
100,000 opv, 3- colour scale anti - parallax 
mirror, taut band movement, electronic 
protection, reversible polarity, 15 amps 
AC range. Complete with real leather 
carrying case, shoulder strap and probes. 

And all that for a retail list price of 
under £47.00! 

But that's not all - we've 
got a range of other 

meters to cover every 
possible need of the 

electrical or 
electronic engineer 

from about £6.50 
upwards. Send the 

coupon now for the 
complete catalogue. 

Please send me your catalogue with full details of all your test equipment. 

Name 

Address 

Eagle International, Precision Centre, Heather Park Drive; 
Wembley HAO 1 SU Middlesex Tel: (01) -902 8832 

L 
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Gas filled indicator 
tubes always 
available 
character heights 8 -135 mm. 

Clock Tower Road, Isleworth, 
Middlesex TW7 6DU I f 11J" 
T -I: 01.568 0151. Telex. 934120 
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15 -240 Watts! 
HY5 
Preamplifier 

HY30 
15 Watts into 8Q2 

HY50 
25 Watts into 80 

HY120 
60 Watts into 80 

HY200 
120 Watts into 80 

HY400 
240 Watts into 40 

POWER 

SUPPLIES 

The HY5 is a mono hybrid amplifier ideally suited for all applications. All common input functions 
(mag Cartridge, tuner. etc.), are catered for internally, the desired function is achieved either by a 
multi -way switch or direct connection to the appropriate pins. The internal volume and tone circuits 
merely require Aonnecting,to external potentiometers (not included). The HY5 is compatible with all 
I.L.P. power amplifiers and power supplies. To ease construction and mounting a P.C. connector is 
supplied with each pre- amplifier. 
FEATURES: Complete preamplifier in single pack - Multi- function equalization - Low noise -- Low 
distortion - High overload - two simply combined for stereo. 
APPLICATIONS: Hi -Fi - Mixers - Disco - Guitar and Organ - Public address. 
SPECIFICATIONS: 
INPUTS Magnetic Pick -up3mV Ceramic Pick -up 30mV; Tuner 100mV; Microphone 10mV; 
Auxiliary 3- 100mV; Input impedance 47k0 at 1kHz. 
OUTPUTS Tape 100mV; Main output 500mV R.M.S. 
(ACTIVE TONE CONTROLS Treble Y 12dB at.lOkHz; Bass -± at 100Hz. 
DISTORTION 0.1% at 1kHz; Signal /Noise Ratio 68dB. 
OVERLOAD 38d13 on Magnetic Pick -up: SUPPLY VOLTAGE t 16. FOV 
Price £5.22 + 115p VAT P &P free 
HY5 mounting board BI 48p + 6p VAT P &P free. 

The HY30 is an exciting New kit from I.L.P., it features a virtually indestructible I C with short circuit 
and thermal protection. The kit consists of I.C.. heatsink, P.C. board. 4 resistors. 6 capacitors, 
mounting kit, together with easy to follow construction and operating instructions. This amplifier is 
ideally suited to the beginner in audio who wishes to use the most up -to -date technology available. 
FEATURES: Complete kit - Low Distortion - Short, Open and Thermal Protection - Easy to Budd. 
APPLICATIONS: Updating audio equipment - Guitar practice amplifier - Test amplifier - Audio 
oscillator. 
SPECIFICATIONS: 
OUTPUT POWER 15W R.M.S. into 80. DISTORTION 0.1 % at 15W. 
INPUT SENSITIVITY 500mV. FREQUENCY RESPONSE 10Hz -16kHz - 3dB. 
SUPPLY VOLTAGE t 18V 
PriceE5.22 + 85p VAT P &P free. 

The HY50 leads I.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 refined to the extent that it must be one of the most reliable and robust High 
Fidelity modules in the World. 
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 amplifier. 
SPECIFICATIONS: INPUT SENSITIVITY 500mV. 
OUTPUT POWER 25W RMS in 80 LOAD IMPEDANCE 4 -160. DISTORTION 0.04% at 25W at 
1kHz. 

.SIGNAL /NOISE RATIO 75dB. FREQUENCY RESPONSE 10Hz -45kHz - 3dB. 
rSUPPLY VOLTAGE ± 25V. SIZE 105.50.25mm. 
Price E8.82 + 85p VAT P &P free 

The HY120 is the baby of I.L P.'s new high power range. designed to meet the most exacting 
requirements including load line and thermal protection, this amplifier sets a new standard in modular 
design. 
FEATURES: Very low distortion - Integral Heatsink - Load line protection - Thermal protection - 
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 80 LOAD IMPEDANCE 4 -160. DISTORTION 0.04% at 60W at 

1 kHz 
SIGNAL /NOISE RATIO 90d8. 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 Improved to give an output 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 - Loadlline protection - Integral Hea,.,ink 
No external components. 
APPLICATIONS: H: -Fi - Disco. - Monitor - Power Slave - Industrial - Public address. 
SPECIFICATIONS: 
INPUT SENSITIVITY 500mV. 
OUTPUT POWER 120W RMS into 80. LOAD IMPEDANCE 4 -160.. DISTORTION 0.05% at 100W at 
1kHz 
SIGNAL / NOISE RATIO 96dB. FREQUENCY RESPONSE 10Hz -45kHz -- 3dB. SUPPLY VOLTAGE 

SIZE 114 x 100 x 85mm. 
Price £23.32 + E1.87 VAT P &P free. 
The HY400 is I. L.P.'s "Big Daddy" 61 thkrange producing 240W into 401 It has been designed for 
high power disco or public address applications. It the amplrtier is to be used at continuous high power 
levels a cooling fan Is recommended. The amplifier includes all the qualities of the rest of the family to 
lead the market as a true high power hi- fidelity power module. 
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 40 LOAD IMPEDANCE 4 -160 DISTORTION 0.196 at 240W at 
1 kHz. 
SIGNAL/ NOISE RATIO 94dB FREQUENCY RESPONSE JOHz -45kRz - 3dB SUPPLY VOLTAGE 
í45V 
INPUT SENSITIVITY 500mV SIZE 114 x 100 x 85mm 
Price E32.17 + E2.57 VAT P &P free. 

P5Ú36 suitable for -two HY30 s E5.22 plus 65p VAT P/P free 
PSU50 suitable for two 11050 s E6.82 plus 85p VAT P/P free. 
PSU 70 sortable for 2 HY 120 s E13.75 plus El. 10 VAT P/P free. 
PSU90 sortable for one HY200 E12.85 plus El 01 VAT P/P free 
PSU180 suitable for two HY2000 s or one H0400 E23.10 plus E1 85 VAT P/P free 

81 48ppl;ii ou vAr 

I.L.P. Electronics Ltd 

Crossland House 

Nackington, Canterbury 
Kent CT4 7AD 
Tel (0227) 63218 

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS 

Please Supply 
Total Purchase Price 
I Enclose Cheque Postal Orders Money Order 
Please debit my Access account Barclaycard account 
Account number 
Name & Address 

Signature 
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IF YOU NEED 

JACKFIELDS .. . 

WHY NOT TALK 

TO THE 

SPECIALISTS ? 

Our new Bantam range gives a space saving of up to 50 per 
cent. 

Wireless World, October 1977 

BIMBOARD 
Stop Ruining Your I.C.'s And Wasting Time Soldering 

Plug Into The Revolutionary New 

BIMBOARD 
The Only Professional Quality Breadboard That 

Accepts All DIL Packages With 6 To 40 Pins 

Incorporates Bus Strips For Vcc And Ground 

Includes A Component Support Bracket 

Has Over 500 Individual Sockets 

And Allows You To Use And Re -Use 
IC's, Transistors, LED's, 7 Segment Displays, 

Diodes, Resistors, Capacitors 

PANELS AND ASSEMBLIES 
No supplier offers a wider range of panels, inserts and 
accessories for just about any configuration. And you can get 
them in any stage of assembly . . . individual components, 
sub- assemblies, or complete pre -wired and connectorised 
assemblies ready to install. 

Only £9.72 (cheque with order) Including VAT and P.P. 
Special Quantity Discounts Available For 
Radio Clubs, Retail Outlets, Distributors 

BOSS INDUSTRIAI MOULDINGS LTD 
Higgs Industrial Estate, 2 Herne Hit Road, London, SE24 OAU, England 
Telephone 01 -737 2383 Telex 919693 

RADFORD HD250 
High Definition Stereo Amplifier 

JACKS AND PLUGS 
Singles ... twins ... back -to -back . . 2+ 1 . . . patch and 
switchboard cords . most standard types are available for 
immediate off- the -shelf delivery. 

For information on these and our range of B.P.O. type 
components contact: COMMUNICATION ACCESSORIES and 
EQUIPMENT LIMITED. 

CAE LIMITED 
70/80 AKEMAN STREET, TRING, HERTS, HP23 2PJ 
Tel. (044 282) 4011 Telex: 82362 A/ B BATELCOM 
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A new standard 
for sound reproduction in 
the home! We believe that no other 
amplifier in the world can match the overall 
specification of the HD250. 

Rated power output: 50 watts ay. continuous per channel into any impedance 
from 4 to 8 ohms, both channels driven. 

Maximum power output: 90 watts ay. 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 0.008% at 25 watts, lees than 0.02% at 
rated output (Typically 0.01% at 1 Khz) 

!Hum and noise: Disc, -83dliV measured flat with noise band width 23 Khz (ref 
5mV); -88dBV "A" weighted (ref. 5mv) 

Une -85 dBV measured flat (ref 100ví 
-88d BV "A" weighted (ref 100v) 

Hear the 110250 at 

SWIFT OF WILMSLOW 
Dept. WW, 5 Swan Street, Wilmslow, Cheshire 

(Tel: 26213) 
Mail Order and Personal Export enquiries: Wilmslow Audio, Swan Works, Rank 
Square, Wilmslow (Tel. 29599) 

' Now available ID 100 power amplifier and Z022 pre-amplifier 
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FAIRCHILD 
INN& 

/ \\t 1111 
AT YOUR FINGERTIPS 
Included in this new Databook 

* RAMs, ROMs, PROMs -TTL and ECL 
* Memory Selection Guides 
* Full Technical Specifications and 

Application Information 
Price £2.00 each incl. P & P 

Available from any of our distributors 
Barlec 
Celdis 
Comway 
Eurocom 
ITT- ESD 
Macro 
Most 

East Grinstead (0342) 24383 
Reading (0734) 585171 
Bracknell (0344) 24765 
High Wycombe (0494) 36146 
Harlow (0279) 26777 
Burnham (06286) 63011 
Manchester (061) 831 7672 

OTHER DATABOOKS AVAILABLE INCLUDE 
LINEAR, MOS /CCD, POWER, 
MACROLOGIC, LOW POWER SCHOTTKY 
TTL, F8 MICROPROCESSOR, DISCRETE 

ASK YOUR DISTRIBUTOR FOR DETAILS 

Plug into world -wide 
coverage with the new T1000 
solid -state 2 -30MHz Linear Amplifier 

This compact desk -top package incorporates 
the following features 

New generation high power transistors 
giving 1000W PEP, 600WCW output. 

Broadband requires no operator tuning 

Full VSWR protection 

Drive requirements 70 -120W 

Full technical information is available on request 
from the sole distributors in the UK 

AEL Aero Electronics (AEL) Ltd. 
Gatwick House, Horley 
Surrey, England RH6 9SU. Telephone Holley 5353 
Cables Aerocon. Telex Holley; Telex 87116 (Aerocon Horley) 
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WE KNOW OF ONLY ONE OTHER POWER AMPLIFIER MODULE SUPERIOR TO OUR 

JPS 100 - The JPS 150 
Power Output 
Frequency Response 
Power Bandwidth 
Stewing Rate 

Total Harmonic Distortion 
Hum and Noise 

Damping Factor 
'Input Sensitivity 

Input Impedance 
Power Requirements 

Transistor Complement 

Module Dimensions 
Guarantee 

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

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

Unlike other models, they offer an indefinite life -span! 
Should they ever require any attention or repair, all 
components on both Modules are easily replaceable. And, 
what's more, they both also carry a full two-year guarantee. 
That's confidence for you! 

JPS 100 E25.85 
110 watts RMS ohms 
10 -22kHZ - 0208 
10.22kHz - 02dB 
8.4 Volts per microsecond 
0.04% @ 'kHz 
I15d8 below 100 watts 
Greater Otan 300 to ¡kHz 
Oá810.775 Volta) l00 walls 
47k 

-f45 Volts 
12 transistors. 1 integrated 
circuit 
4 "Hx 5"Wx 2 "0 
Full 2 year 

JPS 150 E32.61 
170 wells RMS 8 ohms 

10 -30kHz +0dB -0208 
10.22kHz +O00 -0248 
9.00 Volle per microsecond 
0.04 @ IkHz 
115d13 below 150 watts 
Greater than 400 lo I kHz 

040 10.775 volts) 150 walls 
47k 

55 Volta 
iz transistors. 1 integrated 
circuit 
6 "ff a 5"W z ro 
Full 2 year 

qì'JPs Associates 
BELMONT HOUSE STEELE ROAD PARK ROYAI LONDON NW 10 7AR 

These parameters may be changed to suit particular requirements. 
gar industrial usage frequency response can be extended OC is 30kHz +0dB -0.24131150 only] 

POWER SUPPLIES PS 50 powers 1 JPS60 price E13.50 
PS 100 powers I JPS 100 price E15.51 PS IO /2 powers 2 JPS100 price E28.82 
PS 150 powers I JPS 150 price £19.22 All prices are subject to 8% VAT PS 150/2 powers 2 JPS 150 price E30.75 

All module drive cards are based on industry standard Eurocard system 1100 x 15 mum) 
A 60 -watt version is also available with a similar apacilicatioa. Price E20.62 + VAT 

TELEPHONE 01 -961 1274 TELEX: TITTS 916226 

WW - 062 FOR FURTHER DETAILS 
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INSIST ON 

VERSATOWER 

BY PROFESSIONALS - 
FOR PROFESSIONALS 

Designed for Wind Speeds from 85 
m.p.h. to 1 1 7 m.p.h., conforming 
with CP3 Chapter V, part II. 

First in the field with a fully 
interchangeable (versatile) 
telescopic, tilt over, tower system. 
Acclaimed as the world leader in the 
field of communications and 
lighting, both static and mobile. 

Since the launching of the 
Versatower system early in 1968 
we have operated a continuous 
development and applications 
programme. Consequently from 
inception right through to the 
present day, detail design, materials 
used and production techniques 
employed are continually updated. 
This coupled with our quality 
assurance scheme ensures that we 
maintain the leader position we 
enjoy today. 

With many thousands of satisfied 
users throughout the world, 
coupled with our no nonsense 
guarantee and immediate spares 
availability, it makes little sense to 
settle for an alternative product. 

VERSATOW 
SYSTEM 

WW-053 FOR FURTHER DETAILS 
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Wireless World, October 1977 

If you still think 
we're like this 

Today's Electronics Weekly has more news. More new 
products. Invaluable technical teach -ins on major 
innovations -the current series features 
Microprocessors. A new feature, 'Perspective', which 
turns a penetrating and impartial eye on leading topics 
of the day... these are just some of the ways in which 
it is constantly increasing its depth and scope. If you 
haven't seen a copy for some time, find out how behind - 
the -times your ideas about Electronics Weekly are. 
Post this coupon now! 

N-------IN-IN ------------111 
To Electronics Weekly. IPC Electrical - Electronics Press Ltd 

House. Stamford Street. London SE1 9LU 

Please send me Electronics Weekly for a year. I enclose cheque p.o. for £6. 
(Annual subscription. inc post and packing. Cheques should be made payable 
to IPC Business Press Ltd ) 

Name 

Address 

- - - - =NM - -=== - - - - - - - - =11=1= - 
Electronics Wi 

Every Wednesday 10p 

moves as fast as the industry it serves 

www.americanradiohistory.com
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All prices include V.A.T. Carriage & packing add 25p (U.K.). AcTd 
extra for overseas. Cash with order only. Discounts over £5 less 5 %, AT III A 
over E10 less 10 %, over £25 less 15 %, over E50 less 20 %. 

BEAD M ELECTROLYTICS 
1 22 33 47 68 luf 35v all values of 16v 25v 40v 

.11 i .045 .05 .055 22334768vf 35v all values .12 15 -045 .05 .055 
t 0ul 25v .13 2 2 .045 .05 .055 
22uf 16v .13 3 3 .045 .05 .055 
33uf 10v .14 4 7 .045 .05 .055 
47uf 6 3v .t5 6 8 .05 .055 .06 
68 100u1 3v both values .11 10 .05 .06 .07 

CARSON FILM RESISTORS 
'A was - 10íl - 1 Mti - El 2 Seves 
.01 each, .09 for 10 of any one value. 
.76 for 100 of any one value 

Tf SOCKETS 1"---d05 05 pin .11 125" 2" 
14 
16 pm .13, Red .09 .09 
24 

pin 
:46 

28 

Green .26 .25 
8800. 

Amber .25 .25 

400mW 2ENER 

,Am_ be: 

S.C.R'rr 
DIODES 7 amp 100v .50 

7o-33v 7 amp 400v .72 
.09 each 16amp 100v .76 
.80 for 10 Any 

DIAC 3.50 for 50 Mix 13E1100 .28 :2 66 for 100 

22 .06 .07 .09 
33 .07 .085 .10 
47 .08 .10 .12 
100 .10 .13 .18 
150 .11 .15 .20 
220 .12 .18 .22 
330 .14 .18 .26 
470 .16 .20 .29 
680 .18 .24 .35 
1000 ,20 .29 .41 
2200 .24 .38 .60 
4700 .39 .52 .85 

83e 
.06 
.06 
.06 
.06 
.06 
.07 
.09 
.13 
.15 
.19 
.26 
.28 
.32 
.36 
.40 
.48 

150 amp 100v st d rechher - stud 
anode 1.00 

BAX16 .05 
BC107 .086 
BC1o8 .086 
BC109 .09 
BC147 .09 
BC148 .09 
BC149 .09 
BC157 -10 BC184L 

BC158 
BC159 
BC182 
BC182L 
BC183 
BC183L 
BC184 

.11 
.11 
.11 
.11 
.11 
.11 
.11 
.11 

-PAK 
92 GODSTONE ROA D 

WHVTELEAFÉ SURREY CR3 OEB 

BC212 
8C212L 
BC213 
8C2131 
BC214 
BC214L 
BCY70 
BCY71 
BCY72 
BD131 
BD132 
BFX85 
13E587 
BFX88 
BFY50 
BFY51 
'BFY52 
BSx19 
BSX21 
MJE340 
MJE371 
MJE521 
MJE2955 
MJE3055 
MPSA06 
MPSA13 

.12 

.12 

.11 

.11 

.13 

.13 

.17 

.18 

.16 

.40 

.41 

.25 

.24 

.24 

.16 

.18 

.16 

.20 

.25 

.88 

.66 

.80 

.92 

.66 

.22 
24 

MPSA56 
MPSU01 
M PSU 51 
0447 
0479 
0490 
0491 
0C20 
0C2B 
0C35 
0C36 
TIP29A 
TIP29B 
TIP 304 
TIP3OB 
TIP31 A 
TIP31 B 

TIP32A 
TIP328 
TIP41A 
TIP41B 
TIP42A 
TIP428 
TIP3055 
77X107 
7TX304 

.22 

.35 

.38 

.08 

.08 

.07 
.075 

.98 

.78 

.78 

.78 

.46 

.55 

.62 

.62 

.54 

.65 

.62 

.75 

.67. 

.70 

.76 

.60 

.50 

.10 

.20 

N914 
N4001 
N4002 
N4003 
N4004 
N4005 
N4006 
N4007 
N4148 
N5402 
S44 
S920 
2N696 
2N706 
2N1306 
2N1307 
262219 
2N2222 

.06 

.05 
.056 

.06 
.075 

.09 

.10 

.11 

.05 

.16 

.05 

.06 

.15 

.20 

.36 

.35 

.20 

.20 
2N2222A .20 
2N2368 .20 
2N2646 .42 
2N2904 .20 
.253053 .17 
2N3054 .42 
'263055 .42 - 

763440 .50 

263702 
263704 
2N3705 
263707 
263710 
263819 
263904 
263906 
264058 
294062 
CMOS 
4000 
4001 
4002 
4011 
4012 
4013 
4016 
4017 
4020 
4024 
4025 
4027 
4030 
4033 
449 
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NEW * FULLY GUARANTEED COMPONENTS * 

FULL SPEC SEMICONDUCTORS QUANTITY 
DISCOUNTS *SEND S.A.E. FOR COMPLETE LIST* 

4042 
4044 .99 _1310 2.00 7425 
4049 .55 3045 .45- 7426 
4054 1.10 VOLTAGE REGS 7427 
4060 1.10 , 300 1.25 ._ 7430 

.08 4066 .50 723 -14 .46 7432 

.07 4069 .40 7805702201.30 7437 
07 4071 .28 7812702201.30 7440 
.08 4081 .20 781510220 1.30 7441 
.07 4093 .80 7905702201.95 7442 
.22 4501 .2Q 7912702201.95 7445 
.12 4502 1.00 7915102201.95 7447 
.12 4507 .60 7400 1T1 7450 
.12 4511 1.50 7400 .16 7451 
.12 4528 1.05 7401 

4556 -98 7402 
.16 4583 .80 7403 
.20 7404 
-20 OP AMPS 7405 
-20 301A -8 .35 7406 
-20 70914 .48 7407 
-50 741.8 .22 7408 
-50 741.14 .20 7409 

741 7099 .48 7410 
74714 .70 7411 
3900 .50 7412 

7413 
7414 

.55 7416 
1.60 7417 
1.00 

.80 71 1-1 4 .32 7420 

.95 
1.05 

.76 

.20 

.60 LINEAR 
38014 1.0S 
5558 .36 
710.14 .32 

.16 7453 
.16 7454 
.16 7460 
-16 7470 
.16 7472 
.32 7473 
.32 7474 
.16 7475 
.16 7476 
.18 7483 
.25 7485 
.24 7486 
.28 7489 
.60 7490 
.30 7492 
.30 7493 

-.1a 
.20 
.26 
.30 
.16 
.30 
.33 
.16 
.68 
.60 
.96 
.76 
.16 
.16 
.16 
.16 
.16 
30 
32 
35 
35 
46 
37 

.92 
1.25 

.34 
2.80 

42 
48 
.42 

7405 .74 
7496 .80 
74121 32 
74123 70 
74132 75 
74141 80 
74145 .75 
74147 1.40 
74150 1.45 
74151 .75 
74153 .85 
74154 1.37 
74157 .70 
71161 1.00 
74173 1.501 
74174 1.25 
74175 .Y 
74180 1.00 
74181 2.10 
741854 1.50, 
14190 1.50. 
74191 1.50 
74193 1.50 
74195 .95 
74196 1.26 
74197 1.25 
74198 2.00 
74199 1.95 
74293 1.40 

sg-pak 
LEXDEN LODGE CROWBOROUGH HILL. 
JARVIS BROOK, CROWBO- ROUGH, SUSSEX TN6 2EG 
Telephone: Crowborough 5803 

SEMICONDUCTOR HARDWARE 
AND ACCESSORIES 

INSULATING KITS 
5 Washers. 10 Bushes per kit. 
T03 Mica 35p per kit. 
T066 Mica 35p per kit 
T03 Melinex 33p per kit 
TO66 Melinex 33p per kit. 

2 Washers. PTFE Ring. Solder Tag per 
kit. 

D04 Mica 30p per kit. 
D05 Mica 30p per kit 
D04 Melinex 27p per kit. 
D05 Melinex 27p per kit. 

HARD ANODISED INSULATING 
WASHERS 
400v DC insulation 
T03 30p each 
TO66 30p each 
D04 with nylon bush 48p each. 
D05 with nylon bush 48p each 
T03 Aluminium Oxide 35p each. 

INSULATION COVERS 
T03 10p each 
T066 10p each 

HEATSINKS 
Push Fit T05 at 50 C per watt, 5 per 
pack. 
TO5 6ntm 28p per pack. 
TO5 12mm 30p per pack 
TO5 18mm 33p per pack 

EXTRUDED HEATSINKS 
Aluminium Black. 
T03 single 51mm x 61mm at 6 7 C per 
watt 48p. 
T03 double 79mm x 61 mre at 6 -7 C per 
watt E1.10. 
TO66 single 51mm x 61mm at 8.7 C per 
watt E1.55. 
Undrilled lengths available in 51mm at 
89mm lengths 
Plain 51 mm 38p each 
Black 51mm 44p each 
Plain 89mm 82p each. 
Black 89mm 90p each. 

5 Washers, 5 Bushes per kit 
T0220 Mica 30p per kit. 
T03 Plastic Melinex 27p per kit. 
Case 90 (Mora) Melinex 27p per kit. 
Case 199 (Mora) Mohnee 27p per kit. 
T0127 Melinex 27p per kit. 
T0202 Melinex 27p per kit. 
1066 Plastic Melinex 27p per kit 
Uniwatt Melinex 27p per kit 
10126 Melinex 27p per kit 

MOUNTING PADS 10 per pack 
T05 4 hole 10p per pack 
7018 4 hole 10p per pack 

CONVERTERS 
1092/98 to T05 10p per pack 
T018 to 105 10p per pack. 
1098 to TO5 10p per pack. 
1099 to DIL 60p per pack. 
70100 to DIL 80p per pack. 

DIL SOCKETS LOW PROFILE TIN 
PLATED 

8 way 12p each. 22 way 27p each 
10 way 12p each. 24 way 33p each 
14 way 13p each. 28 way 41p each. 
16 way 15p each 40 way 49p each. 
18 way 19p each. 

WIRE WRAP SOCKETS GOLD 
PLATED 

8 way 37p each 24 way E1.20 each 
14 way 55p each 28 way E1.36 each. 
16 way 65p each 36 way 61.75 each. 
18 way 71p each 40 way E1.94 each 

When Ordering 
All prices include 8% VAT 

Please word your orders as printed above 
Postage and packing 26p with large 
heatsinks 50p. 

Also available are Crimping Tools, 
Crimper Kits. and a vast range of Push fit 
terminals. Butt Connectors and Solder - 

less Terminals' Send 20p for compre- 
hensive data and prices. 
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V.D.U. 
AND 

MICRO 
COMPUTER 

INTRODUCING 
THE CROFTON 
EXPANDABLE 

V.D.U. SYSTEM 

The Crofton V.D.U. is an expandable system 
built up on a moduler basis. The system 
comprises Rack and P.S.U., Video Sync 
Generator, Character Generator Board, Me- 
mory Board, Memory Extension Board, Cursor 
Control, Write Control Board, Tape /Phone 
interface Board, Microprocessor (SC /MP) 
Board. The whole system will be gradually, 
extended to make this one of the most versatile 
on the market. Available in modular form or 
ready constructed. 

Send s.a e. for information 

CROFTON ELECTRONICS LTD. 
Dept. E, 35 Grosvenor Road, Twickenham 

Middx. Tel. 01-891 1923 

J'econdhand cameras and monitors 
always available 

Good 

HEYCO NYLON TERMINAL 
BUSHINGS are the quick, easy 
way to connect and disconnect 
wires passing through a panel. 
They give complete insulation 
with 1, 2 or 3 terminals locked 
in a single bushing. Choice of 
solder, double -male or crimp 
terminals to mate with err or irr 
female quick connect terminals. 
Approved for temperatures from 
minus 6 °C to 100 °C. 

FINGERTIP ASSEMBLY 

FREE SAMPLES 
and catalogue showing our full 
range of bushings on request. 

Heyco Manufacturing Co. Ltd. 
Uddens Trading Estate, 
Nr. Wimborne, Dorset BH21 7NL 
Tel. Ferndown (STD: 0202) 871411/2/3 

® Telegrams HEYCOMAN Wimborne Telex 41408 
WW-071 FOR FURTHER DETAILS 

TAPE HEADS 
FIT A BRAND NEW HEAD 
AND TRANSFORM THE QUALITY 
OF YOUR TAPE PLAYER 
AN EXTENSIVE RANGE ALWAYS IN STOCK 
ASK FOR OUR SHORT FORM CATALOGUE 

STANDARD HEADS TO 
FIT MOST TAPE PLAYERS 
AT BULK DISCOUNT 
PRICES. 
ENCLOSE 15p P & P WITH 
ORDER 

MONO CASSETTE 90p 

STEREO CASSETTE f2.00 
STEREO 8 

CARTRIDGES £1.00 
M/S CASSETTE 

ERASE 60p 

M 0N !I L I TFI Tel. 

Crewkerne 74321 
THE MONOLITH ELECTRONICEI CO. LTD. 

5/7 Church Street, Crewk erne, Sf n lf- 7rset, England. 
TEL. Crewkeme 74321 

WW -048 FOR FURTHER DETAILS 
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We've just made the impossible .. . 

a professional 31/2 digit DMM Kit for less 
than £70 

-¡, '-t 1 

AtoOS fo0ti p 

POWER AC 

, 
YO tt 

, 
100.aV 10V 1KV 

10yA 1mA 100n+A 

AMP 

, 
lOK IOOR 0 ' .M liii 

The Sabtronics Model 2000 is an impossible 
£69.95! 
And that price still includes phenomenal accuracy, 
range and professional features. 

This all -new bench /portable multimeter, reading 
to -±1999, has a basic accuracy of 0.5% ± 1 digit, 
and has five functions giving 28 ranges, 100% 
overrange and overload protection. So you know 
it's no toy! 

Besides, what toys are as automatic as the 
2000? With automatic overrange indication, 
automatic polarity, even automatic zeroing! 

Yet the 2000 is easy to assemble. We send you 
all the parts you need, even the high -impact case. 
We also send you clear, step -by -step assembly 
instructions. 
So you end up with a professional quality 31/2 digit 
DMM for the unheard of price of less than £70. 
From Sabtronics, specialists in digital technology. 
And manufacturers of the impossible. 

Order yours today! 

sabtronicp 
SPECIFICATIONS: (condensed) 

DC volts in 5 ranges: 1004V to 1000V. 
AC volts in 5 ranges: 1004V to 1000V. 
DC current in 6 ranges: 10nA to 2A. 
AC current in 6 ranges: 10nA to 2A. 
Resistance in 6 ranges: 10 to 20MQ. 
Input Impedance: 10MQ. 
Display: 9mm (.36 ") LED. 
Power requirements: 4.5 VDC to 6.5 VDC. 
(4 "C" cells - not included). 
Size: 8 "W X 6.5 "D x 3.0 "H. 
(203W x 165D X 76H mm). 

ORDERING INFORMATION FOR READERS OUTSIDE THE U.K. 

The price listed is for readers in the Ú.K. only which includes import 
duties and V.A.T. 

For readers in overseas countries the price is £49.95 plus £5.00 for 
Handling and postage, not included are any import duties or other taxes 

levied upon receipt of goods overseas. Payments from overseas 
customers should be made only by Bank drafts or International money 
orders and payable to: Sabtronics International. Orders should be sent to 

Sabtronics International Ltd. 
Winkelriedstrasse 35 
6003 Luzern 
Switzerland 

Sabtronics (U.K.) Ltd. 
50 Galton Road 
Westcliff -on -Sea 
Essex 

r 
ww7 

To: Sabtronics (U.K.) Ltd. 
50 Galton Road 
Westcliff -on -Sea, Essex 

Made in U.S A. 

Please send me Sabtronics Model 2000 DMM 
Kit(s) at £69.95 each incl. V.A.T. and Postage. 

Total enclosed herewith: £ 

Name 

Address 

City County 

1 

Readers Overseas please see ordering Information. 
1 
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THE DYNAMIC DUO 

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. It is simply wired in series with the existing speaker leads and in conjunction with our speakers S 1 5 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 is 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 
handling and compact size. 

C15/15 
15 Watts per channel into 40 
Distortion 0.2% at 1K Hz at 15 watts 
Frequency response 50Hz - 30KHz 
Input Impedance 80 nominal 
Input sensitivity 2 volts R.M.S. for 15 watts output 
Power line 10 - 18 volts 
Open and Short circuit protection 
Thermal protection 
Size 4 x 4 x 1 inches 

C15/15 Price £17.74 + £2.21 VAT P & P free 

I.L.P. Electronics Ltd 

Crossland House 

Nackington, Canterbury 
Kent CT4 7AD 
Tel (0227) 63218 

Data on S 1 5 

6" Diameter 
51/4" Air Suspension 
2" Active Tweeter 
20oz Ceramic magnet 
15 Watts R.M.S. handling 
50 HZ - 1 5KHz frequency response 
40 Impedance 

S15 Price per pair £17.74 + £2.21 VAT P & P free 

TWO YEARS GUARANTEE ON ALL OF OUR PRODUCTS 

Please Supply 
Total Purchase Price 

I Enclose Cheque f-I Postal Orders Fl Money Order 
Please debit my Access account f ; Barclaycard account 
Account number 
Name & Address 

signature 
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the 
audio amateur 
What a trip old Richard's Rhine journey could 

have become had he built his own mixers, 900 watt 

amps, octave equalizers, 24 inch woofers, electronic 
crossovers, and home brew electrostatics. 
Zounds what sounds! 

Ask our Rhine maidens for details. 

Audio Yellow Oak Cottage 
Tillington nr. Hereford 

HR48LQ 
Send now for a free prospectus. 

Craig Stark of STEREO REVIEW says: "Top quality. only 

U.S. publication devoted to the serious audiophile constructor." 

Name 

Address 

Audio Connectors 
Broadcast pattern jackfields, jackcords, plugs 
and jacks. 

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

Low cost slider faders ny Huf. 

Future Film Developments Ltd. 
36 -38 Lexington Street 
London WiR 3HR 
01 -437 1892/3 

WW- 09(IFOR FURTHER DETAILS 
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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 is backed 
by a full 12 month guarantee. Here's where to find them. 

ENGLAND London Instrument Repair Centre, Acton Lane, Chiswick, 
London W4 5HJ Trade Reception: Cunnington Street. Tel: 01 -995 9212 
London Instrument Repair Centre, Archcliffe Road, Dover, Kent. 
Tel: Dover (03041 202620 
Farnell International Instruments Ltd., Sandbeck Way, Wetherby, 
West Yorkshire LS22 4DH. Tel: Wetherby (0937) 3541 
TE.R Instrumemnts Ltd., Peel Lane, Astley, Manchester M29 7JH 
Tel Atherton (0523412275 or 5611 
Midlands Instrument Repair Centre, Thorn Automation Ltd., 
Armitage Road, Rugeley, Staffs Tel Rugeley (08894) 5151 

SCOTLAND Falcon Electronics, 92 High Street, Johnstone, Scotland. 
Tel Johnstone (0505) 23377 

WALES Electro Services, 25 Chepstow Road. Newport, Gwent NPT 8BX. 
Tel Newport 106331211243 

MTRUMENT 

RCEEPNTRE 

The manufacturers'joint service organisation. 
WW -038 FOR FURTHER DETAILS 

DATEST 1 

Simplifies semiconductor testing 
Saves time and errors 
* Tests are automatic and unambiguous 
* Tests devices in and out of circuit 
* Handles bipolars, FETs (all types). LEDs, diodes. op 

amps. (out of circuit only) 
* Automatically displays device polarity and, for devices 

out of circuit, 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. 

D! 
DATONG ELECTRONICS LIMITED 
Spence Mills, Mill Lane, Bromley, Leeds LS13 3HE 
Telephone: Pudsey (0532) 552461 

WW -034 FOR FURTHER DETAILS 

COMPUTER APPRECIATION 
86 High Street, Bletchingley, Redhill, Surrey RH1 4PA. Tel: Godstone (088 384) 3221 
LITTON MODEL 1 231 , computer incl. detachable keyboard, 35 
CPS servo -controls pointer, tape reader/ punch and TTL processor, 
£495. 
DEC PDP 8 System comprising 4K processor, KSR 35 
TELETYPE, High Speed Tape Reader /Punch and 2 fixed -head 
DISCS; Available sep. prices on application. 
PDP 8L with 4K memory; £550.00. 
KSR 35 TELETYPE, ASCII coded and with 20mA interface; 
£200,00. 
SAGEM RO Electronic Teleprinter, 5 -unit, 60 mA interface; 
£40.00. 
DIABLO Model 30 DISC unit; £495.00. 
SPC-12 MINICOMPUTER with 4K memory and with TTY 
interface; £225.00. 
DATEK Model 40 Paper Tape Reader, BRAND NEW; £35.00. 
EKCO Field Ratemeter Model N645C, BRAND NEW; £45.00. 

JAC ELECTRONICS Model 331 FREQUENCY METER & 
STANDARD; £250.00. 
FACIT High -Speed PUNCH, NEW; £125.00. 
SINGER Tape Punch with mains PSU and IC Logic, NEW; 
£75.00. 
IBM Compact CARDREADER; £68.00. 
OLIVETTI Model 349 Intelligent TERMINAL; £375.00. 
FLEXOWRITERS from £120.00. 
HONEYWELL Key -punches from £50.00. 
CENTRONICS model 101A printer, £600. 
PLEASE NOTE: 

* Prices exclusive of VAT and Carriage 
* Callers very welcome, but by appointment please 

. * We are keen to bid competitively for good used equipment 

WW - 115 FOR FURTHER DETAILS 
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its got to be better. . .. 
LIKE OUR NEW LOW DISTORTION 

OSCILLATOR /FREQUENCY COUNTER. This versatile instrument has been designed to meet the exacting requirements of the professional audio engineering 
field. The integral crystal / referenced digital counter ensures precise measurement of frequency and typical output distortion is 0.006% THD @ 1 kHz. The unit 
covers the range of 10Hz to 100kHz in four pushbutton ranges, with eight preset frequencies from 10Hz-to 20kHz to facilitate easy response checking of audio 
equipment. The output may be switched to give fast first -time square wave. The frequency -counter may be separately accessed via the COUNTER INPUT' 
socket on the front panel. 

Italian Agent; 
Audio Products Intl. Via GaspareSpontini 3 
20131 Milano Tel: 273896 
Factory address: Sheppenon Studios 
Squiresbridge Road, Shepperton, Middx. 
Tel. Chertsey 1093281 60241 

For further details contact: 
Trident Audio Developments Ltd. 
Sales Office: 112 /1 14 Wardour St., London, W1 
Tel. 01 -734 9901. Telex 27782 Tridisc TRIAD 
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Vr9IXER5 VITÌIXERV 

Leaders in mixers for many years 
Developed at our German Plant 
Produced at our Far East factory 
9 different types: from the amateur to the professional 

fascinating 
eieetranies 

AGENTS 
WANTE D 
WORLDWIDE 

THE SM 3000 
The cheapest mixer with monitoring 
facilities 

Introductory price £42.00 ( +VAT) 
via your bank 

Two Phono inputs for magnetic or ceramic p/u 
three auxiliary inputs 
1 microphone input with selectable high /low 
impedance 

Headphone monitoring on all channels 

TRANS TRADE INTERNATIONAL 
BRUSSELBAAN, 114 B.9402 MEERBEKE BELGIUM 
Tel: 054.33.45.04 335821 Telex 11697 
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BUY FLUKE'S NEW DMM 
AND POCKET THE DIFFERENCE 

Never before has a DMM 
packed so much into such a 

small space. Fluke's new 8020 
offers 24 ranges of AC /DC volts, 
amps and ohms plus two ranges 
of conductance, teamed with an 
0.25% VDC accuracy. 

Ideal for dozens of 
applications from Hi -Fi to 
engineering, its particularly 
suitable for work in the field. 
Features include one hand 
operation, a new design LCD 

display you can see even in poor 
light, tough construction and a 9 V 
battery life of 200 hours. The Fluke 
8020 is only available from ITT 

Instrument Services, an incom- 
parable service that can put it in 

your pocket immediately from 
stock. Write, phone or telex for 
full details. 

ITT Instrument Services, 
Edinburgh Way, Harlow, Essex. 
Telex: 81525. 

WW -018 FOR FURTHER DETAILS 

Please send me details of the newTl 
Fluke 8020 

Name: 

Company: 

Address: 

Tel. No: 

Harlow (0279) 29522 

ITT instrument services 

The only way to buy 
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Digitizing the consumer 
It was reported recently that more 
homes in the UK have television than 
have main drainage. This little statistic 
illustrates the extent to which 
consumer products based on an 
advanced technology like electronics 
can, if they are cheap enough, find 
markets in places where living 
standards have not reached an 
equivalent level (taking, say, a 
prosperous worker's home in Western 
Europe or America as the level which 
currently can be achieved). The effect 
is even more marked in the developing 
countries. In Africa, for example, it is 

not uncommon to see a television 
aerial protruding from a straw hut or a 
digital watch on the wrist of somebody 
who is moving his few possessions on a 
hand cart. The consumer market, 
however poor the living conditions and 
however small the disposable income, 
is considered a source of riches for 
those equipped industrially to exploit 
it. 

It is the consumer market which the 
semiconductor industry, among others, 
sees as the key to its future prosperity 
and even continuance. The only 
problem is how to use the key to 
unlock the door. One industrialist at 
least sees the door as having a 
combination lock, to be opened by 
digits. Dr Gordon Moore, president of 
the Intel Corporation, recently told a 
group of consumer equipment 
manufacturers "The future health of 
the semiconductor industry in its 
present form depends on the rapid and 
broad incorporation of complex digital 
functions into consumer products ". 
Dr Moore went on to explain the 
economics of the semiconductor 
industry, showing how the 
manufacturing "cost -per- function" had 
been dramatically reduced by more 
than 10,000 -fold in something like 
fifteen years. This had been achieved 
not only by the normal economies of 
scale inherent in mass -production but 
by these resulting from the increasing 
complexity and greater number of 
active devices in 1.s.i. packages. To 
keep the industry in business with such 
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rapidly decreasing costs and prices to 
the user it was obviously necessary to 
sell correspondingly more units. So far 
this had been possible on the 
assumption of a "super- elastic market 
demand. If we cut the price in half the 
unit volume will more than double ". 
But this happy formula would not go 
on working forever. "There are always 
limits to growth, no matter what ". It 
was necessary to find new markets and 
"the only answer I can see for really 
large markets [beyond those already 
known] is in the home. The challenge 
is to get of the order 1013 functions 
into the household over the next ten 
years ". 

If Dr Moore's conclusion is right, the 
semiconductor industry will be putting 
itself in a situation familiar to many 
others in an industrialized economy. It 
will have to create consumer demand. 
To keep the existing manufacturing 
plant and organization fully loaded and 
therefore working efficiently it will 
have to persuade people that they want 
products they had not realized they 
wanted. In theory plant can be 
discarded when it is no longer needed, 
but in practice, of course, there are 
people who have a strong vested 
interest in keeping it working. There 
are the employees who rely on it for 
their livelihood, the managers who 
have made the initial decision to invest 
money in it -a decision on which 
their future careers may depend - and 
the shareholders who expect an 
adequate return from their investment. 
Looked at objectively this is a crazy 
situation. The ordinary citizen, whom 
industry is supposed to serve, finds that 
he himself is serving industry as a mere 
term in an equation of economic 
stability, a term which has to be 
manipulated by known techniques of 
persuasion to obtain the right 
solution. 

At least Dr Moore had the grace to 
ask rhetorically during his address 
"who needs all the electronics "? The 
answer is surely obvious: not the 
consumer but the semiconductor 
industry itself. 
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High quality book -shelf speaker 
An infinite baffle design using two drive units 

by J. H. Wilkinson, Independent Broadcasting Authority 

This article describes a compact high 
quality speaker which measures 
approximately 48 x 30 x 28cm. 
Compensating networks are used to 
improve the response of the drive 
units, and the crossover network 
provides a total filter slope of 24dB per 
octave. The cabinet design features a 

staggered baffle which vertically 
aligns the voice coils of the units. 

When deciding on a speaker design the 
first decision is usually the enclosure 
size. The author wanted the drive units 
to be located at ear height when sitting 
down, which meant either a large 
floor -standing cabinet or a small wall 
mounted version. In the interests of 
domestic peace, the last mentioned was 
chosen. 

To avoid the more complicated bass 
loading techniques, an airtight enclosed 
box system was used together with a 
KEF B200 bass driver. The prototype 
had internal dimensions of 44 x 27 x 
18cm which produced a resonant -fre- 
quency around 55 Hz. 

The next consideration was a suitable 
high frequency unit to work with the 
B200. The frequency limit of the bass 
driver is 3kHz and it is usual to set the 
crossover frequency at this point. 
Normally, the KEF T27 high frequency 
unit is matched with the B200 but this is 
a "super" tweeter and the author 
'experienced some problems because the 
resonant frequency of the unit is around 
1.5kHz. This leaves only one octave for 
the crossover to act. Instead, the KEF 
T15 was chosen which has a much lower 
resonant frequency. This unit was first 
used in the early 1960s but is still a high 
quality device. Because the 115 has an 
adequate high frequency response a 
super tweeter was not used. 

Crossover network 
The most rational method of designing 
a crossover is to study the characteris- 
tics of each individual drive unit before 
trying to match them together. The 
drive units were mounted in a suitable 
box and the frequency response of each 
unit was measured. The responses 

obtained are shown in Fig. 1. As can be 
seen, neither drive unit displays a 
particularly flat response so both have 
compensation. The acoustic response of 
the B200 follows the amplitude response 
of an underdamped second order low - 
pass filter with a cut off frequency of 
3kHz and a damping factor of approxi- 
mately 0.35. In designing a crossover 
network it is essential to realize that the 
mechanical filtering action of the drive 
unit must be added to the action of any 
electrical filter. The T15 shows a 
response which extends below 1kHz 
although it is not particularly well 
controlled. In practice the crossover 
network can be adjusted to compensate 
for this. However, the T15 must have 
additional crossover components 
because there is no mechanical filtering 
around the crossover region. 

Before designing the electrical 
network one must ensure that the 
impedance seen by the network will be 
fairly constant and resistive at least one 
octave either side of the crossover 
region. By calculation and a little 
experimentation, compensation for 
both units can be achieved quite 
accurately. The impedance and phase of 
the resulting network is shown in Fig. 2 

together with the original response. The 
impedance of both drive units rises with 
an increase in frequency and appears 
more inductive. As a result the electrical 
response is between that of a first -order 

Fig. 1. Frequency response of the B200 and 
T15 units. Measurements were made 15cm 
from each unit. 
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and second -order filter. If the response 
is treated as a first -order low -pass filter, 
the impendance can be made resistive 
by simply adding a series C and R in 
parallel with the drive unit terminals. 
Although this is not perfect it does 
produce a reasonably constant resistive 
load at least one octave either side of 
the crossover region. 

The most difficult decision in a 
crossover network is the rate of atten- 
uation. There are four practical 
options, i.e. 1st, 2nd, 3rd and 4th order. 
The first can be ruled out because the 
B200 has a mechanical second order 
response which cannot be ignored. Also, 
odd -order networks have a 90° phase 
shift between the signals applied to the 
drive units. This means that when the 
listener is equidistant from the drive 
unit voice coils, the sound will sum 
correctly, but when the listener is off 
that axis a 3dB peak at the crossover 
region can occur. This effect is shown in 
the diagram of Fig. 3(a). Even -order 
networks, however, ensure that each 
drive unit is fed with a signal of the 
same phase and consequently the 
off -axis effect does not occur - Fig. 
3(b). 

A crossover slope of 24dB/Octave was 
eventually chosen because the higher 
rate means a less demanding perfor- 
mance from each drive unit. It also 
reduces the "phasey" effects which 
occur around the crossover frequency. 
The B200 already has a second -order 
mechanical network needing extra 
damping which can be effectively 
carried out by the addition of an 
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Fig. 2. Impedance and phase response of the 
B200 (a) and T15 (b) drive units. The series RC 
circuit across each unit is optimized by 
experimentation. 
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overdamped second -order electrical 
network. In choosing a fourth -order 
network it should be noted that the Unit f 
loudspeaker becomes a fourth -order H.F. 

all -pass system. 
This is not a linear phase design 

OdB contour because the author believes that the Unit 2 Centre of 
L.F. 

advantages of using a linear phase I i 

network are outweighed by the corn- sdB`9 
plexity of the network required. The y 
author does, however, believe that the 
networks should be designed so that the 
acoustic outputs from the speakers are 
in phase for at least 11/2 octaves, for a 
fourth -order network, either side of the 
crossover frequency. The acoustic -to- 
electrical response for each drive unit is 

11 

represented by the following transfer 1l 

functions. 

Bass unit + tweeter unit = TFB + TFT 
which equals 

Wn4 S4 

(S2+ cu0S +w n2)2 (S2+ Ew11S +wn2)22 

where w11 is the crossover frequency in 
radians per second, and to is also in 
radians per second. Because each unit 

- 0dB contour 

Actual response 

(a) 

(b) 

Fig. 3. Vertical polar diagram of the two unit 
loudspeaker with an odd- ordered crossover 
network (a), and an even ordered crossover 

Fig. 4. Network corresponding to the transfer 
function of a high pass filter. 

Z=R if R2 = C 
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has the same denominator they both 
have the same phase of signal at any 
frequency in the domain where s = jw 
The magnitude of this equation is given 
by 

/T.F.B +T.F.T/ (((.0 
W2 +2Wn2W2) 

Wn4 + W4 

Wn4- 2Wn2w2 + W4 +2Wn2W 

This shows that the amplitude response 
is flat. The practical design will not be 
perfect because of the mechanical filter 
in the B200, but it will be near enough 
for this application. Summation of the 
voltage, rather than the electrical 
power, applied to each drive unit is used 
because the voltage across the voice 
coil is proportional to the sound pres- 
sure. 

It is easy to realize the filter corre- 
sponding to the bass unit because it 
consists of only one low pass second 
order electrical network driving a 
resistive load. The tweeter, however, 
requires two cascaded second order 
high pass filters. The transfer function 
of each high pass filter is given by 

Wn4 + W4 

= -1 

s2 
1/77T- .S2+ yllonS+Wn2 

The network corresponding to this 
transfer function is shown in Fig. 4. 

The addition of a low -pass network in 
parallel with a high pass network 
presents a resistive load and enables 
two high pass filters to be cascaded. 
Only the second network in the final 
design needs to be made resistive, the 
first can use any values for C and L. The 
practical network is shown in Fig. 5. 

The last design consideration is the 
now common feature of staggered drive 
units. The electrical to mechanical 
conversion takes place at the voice coil 
and it is at this point that the sound 
begins to radiate. If the voice coils of 
each unit are not in vertical alignment 
there will be a time delay between the 
signal radiated from the two units. 
Without staggering the units, there is a 
6dB dip in the frequency response at 
3.5kHz. This can be removed effectively 
by inverting the tweeter connection but 
this is only satisfactory at one fre- 
quency because it is using a phase 
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reversal to compensate for a time delay. 
The only satisfactory solution is to 
stagger the drive units. 

Practical design 

Because the sealed box is constructed 
from wood the following construction 
techniques were used to reduce colour - 
ation. Bracing struts of 2 X lin hard- 
wood run diagonally across each pánel 
to prevent all modes of resonance 
within any flat panel. Car underbody 
sealing compound is used on the inside 
of the enclosure to dampen the panels. 
Note that the box must be painted at 
least one week before the installation of 
the front baffle because petroleum 
vapours affect the B200 cone suspen- 
sion. A laminated panel structure 
consisting of ' / :in chipboard with 1/4in 

plywood glued on top is used for 
strength and appearance. Also, screw 
holes created by the bracing struts are 
conveniently covered up. The use of 
plywood on the front baffle is essential 
because it is used for mounting the 
tweeter flush with the baffle front. The 
rear of the speaker is made from two 
sheets of /tin chipboard which makes it 
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Fig. 6. Amplitude response of each drive unit 
when connected to the crossover network. 
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Fig. 5. Complete crossover 
network with compensating 
elements in parallel with each 
unit. All the electrical 
components for the crossover 

T15 networks can be obtained from 
Falcon Acoustics, Tabor House, 
Norwich Road, Mulbarton, Nr. 
Norwich, Norfolk. 
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the thickest panel in the speaker. 
The baffle is the most difficult item to 

make and should be constructed separ- 
ately from the box with the drive units 
and crossover network fitted prior to 
mounting in the enclosure. When the 
baffle is finally fixed in place, after. 
fitting the roll of B.A.F. wadding, and 
the speaker has been tested it is 
recommended that the joints between 
the baffle and the box, and around the 
tweeter mounting, are filled with a wood 
filler to seal any possible leaks. 

The grille cloth frame has been 
carefully tested to ensure that it 
produces little audible degradation. 
After the Tygan has been glued and 
allowed to dry for 24 hours it can be heat 
shrunk. This should be carried out with 
care to prevent any distortion of the 
frame. The completed assembly can be 
either a push fit on to the box or a loose 
fit, held in place with Velcro pads. The 
acoustic attenuation of the grille 
assembly is just noticeable but is a very 
low level and has proved very accepta- 
ble in everyday use. 

Loudspeaker performance 

The graphs of Fig. 6 show the response 
of each unit when connected to the 
crossover network. The amplitude 
response was adjusted by varying the L 
and C ratio in both the low pass and 
high pass filters. This experimental 
approach is necessary because the drive 
units respond to the source impedance. 
Although the compensating networks 
can easily be designed for resistive 
loads, in practice they do not have the 
correct characteristics. Provided that 
the L C product is constant, experimen- 
tal variation with the ration of L to C is 
acceptable to achieve the correct 
acoustic response. 

Measurements were made in an 
ordinary room using an AKG- 202 -E1 
microphone. To prevent room reflec- 
tions having any great effect, the 
microphone was placed bin away from 
the unit to be measured. This proved to 
be very effective for testing one unit. 
With two units combined, the micro- 
phone needs to be much further away so 
that the drive unit dispersion angle does 
not have too much effect. 

It was found necessary to compensate 
for the small errors generated by the 
microphone in order to get meaningful 
results because a frequency response 

, which varies by 2dB when measuring a 
high quality loudspeaker can seriously 
degrade its apparent performance. The 
overall frequency response, which is 
shown in Fig. 7, is within 4dB from 50Hz 

5 

o 

-5 
-10 

15 

45 

Fig. 7. Author's prototype speaker. 
The grille cloth frame is a push fit 
within the plywood surround, and can 
be removed as shown. 

to 15kHz with the exception of one 
frequency at 550Hz. This limitation does 
not seem to affect the overall quality of 
the loudspeaker. 

No attempt was made to measure the 
loudspeaker with an impulse or square 
wave input because the system is 
represented by an all pass network and 
has a phase response varying from 0° 
through 180 °, at the crossover fre- 
quency, to 360 °. 

Conclusion 

This speaker design is very easy to listen 
to even with long and complex orches- 
tral works played at high levels. The 
performance with voice material is 
particularly pleasing especially as this 
was a prime requirement. The main 
limitation is the size of the enclosure 
which reduces the low frequency 
performance. This is noticeable on some 

Fig. 8. Amplitude response of complete 
speaker. The response is within 4dB from 
50Hz to 15kHz except for a dip at 550Hz. 
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organ music where there is a lack of 
very deep bass. This, however, is to be 
expected from a small enclosure. The 
following points may be considered for 
the experimenter although any 
improvements would be small. 

The addition of a constant impedance 
variable level control in the tweeter 
circuit. The use of an active crossover. A 
triangular cabinet and bitumous pads as 
a replacement for the car body under - 
seal. 

Panels required for two.speakera. 

Rear inner panel 
2 off 10' x 171/2in high density chipboard 

Rear outer panel 
2 off 111/2 x 181/2in high density chipboard 

Right side panel 
2 off 8 x 171/2in high density chipboard 
2 off 81/2 x 181/2 ' /sin plywood 

Left side panel 
2 off 8 x 1 7'/2in high density chipboard 
2 off 81/2 x 181/2in'Ain plywood 

Top panel 
2 off 8 x 1 1' /ein high density chipboard 
2 off 81/2 x 12in Yain plywood 

Bottom panel 
2 off 8 x 1 1'hin high density chipboard 
2 off 81/2 x 12in1/4in plywood 

Rear batten panel 
2 off 1/4 x 11/2 x 18in hardwood 

Right side panel batten 
2 off 3h x 11/2 x 171in hardwood 

Left side panel batten 
2 off 3A x 11/2 x 17'/2in hardwood 

Top panel batten 
2 off 3/a x 11/2 x 10in hardwood 
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A Grille mounting 
frame 

12" 

FRONT VIEW OF BOX 

Baffle mounting 
trame 

SIDE VIEW BATTEN FIXING TO SIDES 

3'/4 cut -out 
in plywood 

I o o 

3/4.i_. 

o 1 

o 

o 

L 

Cut -out 

_ -1 

for B200 I 

1 

_J 
o. C 

k-3/: 
10'/2 

o 

o 

35/8 cut -out 
in chipboard 

8 "x 8" 
cut -out for 
sub -baffle 

3/"-. ..1F 

C FRONT VIEW OF BAFFLE 

11/2 y - 

Plywood Chipood 

SIDE VIEW FRONT GRILLE FRAME D 

Bottom panel batten 
2 off 34 x 11/2 x 10 in hardwood 

Baffle mounting battens 
4 off 1/4 x 3/4 in 101/2in softwood 
4 off 3A x 3/4 x 16in softwood 

Front grille mounting frame 
4 off 181/2 x 1/2 x 1 '/4 i n 

4 off 9x' /zx' /4in 

Main baffle 
2 off 101/2 x 171/2 x' /2in chipboard 

Main baffle 
2 off 101/2 x 17Y2 x' /4in plywood 

B200 baffle 

Sub baffle 
vertical spacers 

Sub baffle 
horizontal spacers 

2 off 9x9xY2inchipboard 

4 off 1 x9x' /2in chipboard 

4 off 1 x 8 x' /2in chipboard 
Front grille 
8 off 2V4 x Y x 1/2in hardwood square section 
4 Off 10 x 1/2 x 1/2in hardwood square section 
4 off 17 x'' /2 x 1/2in hardwood square section 
4 off 10 x Y2 x Vain hardwood triangular section 
4 off 17 x Y2 x' /2in hardwood triangular section 
Two pieces 24 x 16in Tygan. 

Fig. 9. Construction details for one 
enclosure. 

Glue and screw battens to the inner chipboard 
panels. 

Assemble the sides, top and bottom chipboard 
panels around the rear inner chipboard panel. 

Glue and screw the rear outer chipboard panel 
into place. 

Glue and screw in place the baffle mounting 
frame. 

Glue and pin the plywood panels to the sides, 
top and bottom of the chipboard box. 

Glue and pin the front grille mounting frame 
into place. 

Paint the inside of the box with undersea). 

Fit the loudspeaker terminals onto the rear 
panel, recessed if possible to prevent damage. 

Cut out the holes for the sub -baffle and the T15, 
in both the chipboard and plywood panels. 

Glue and pin the plywood baffle onto the 

chipboard. This should leave a hole suitable for 
mounting the T15 from the rear. 

Cut out the hole for the B200. Glue and screw 
the sub -baffle in place. 

Paint the front of the baffle with blackboard 
paint. 

Fit the B200 and T15 into place using foam 
strip to ensure a good seal. 

Assemble the crossover board and fit onto a 

side wall in the box. Wire up drive units. 

When the undersea) is thoroughly dry, roll up 
the BAF wadding and fit into the box. 

Fit the baffle into the box and screw down after 
checking that both drive units are receiving the 
correct signals. 

Seal all gaps with wood filler and check for 
leaks. 

Assemble the front grille frame, leaving 1 / 32in 
clearance for the thickness of the Tygan. 

When the glue is dry, paint the frame and glue 
the Tygan onto the frame using contact 
adhesive. 

When dry, push fit the frame into place and 
heat shrink the Tygan with an electric blower 
until lust taut. 
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Home Office sifts WARC 
evidence 
It cannot give the Home Office much 
pleasure to be subjected at once to two 
separate, though related, blizzards of 
letters. Both result from requests by the 
Home Secretary for comments from the 
public, in the first place on the 1979 
WARC (WW, March p.37) and in the 
second on the Annan report. 

The flow of information is mostly one 
way. Once the letters disappear into the 
Home Office machine, we have little 
way of telling whether they have any 
influence on what emerges at the far 
end of the ministerial meat grinder. 
In the case of Annan it is easy to see 
why the Home Office should be reluc- 
tant to publish even a summary of the 
incoming views. For one thing, it could 
be argued that the sheer volume of 
information they are receiving could 
not be published entire or even adequa- 
tely summarised. For another the 
Annan debate has largely been con- 
ducted in public anyway. 

The WARC is rather more esoteric 
than Annan, and it would be feasible, 
logical and just for the Home Office to 
publish, at cost, a summary of the 
contents of most of the submissions 
from public companies, trade organisa- 
tions and professional bodies. The FCG 
published such a document 18 months 
ago, but the leader of the British 
delegation to the recent broadcasting 
satellite conference, Mr D. E. Baptiste, 
told Wireless World that America was 
the only country to do such a thing. 
"The whole of the frequency table is a 
security document," he said. To suggest 
that the Home Office should do as the 
Americans did was "naive ". 

So far, the Home Office has received 
submissions from 88 organisations like 
the BBC, the IEE, the IERE, the Mobile 
Radio Users' Association, the Selective 
Paging Committee, and the Cable 
Television Association, the manufactu- 
rers, including Pye and Motorola and 
the public. As far as one can judge, some 
of these have been shots in the dark, 
since they cannot have been reasoned 
critiques of a published view by the 
Home Office; the Home Office's refusal, 
so far, to publish a single document 
around which a debate could take place 
has caused a great deal of concern, as 
expressed in the IEE submission, parti- 
cularly among those with less pull than 
the broadcasting battalions, such as 
the somewhat diffuse mobile radio 
lobby 

A number of sources are complaining 
that, far from opening up the consulta- 
tinon process, the Home Office are 
letting out less information than ever. 
Some members of the Home Office 
Mobile Radio Committee were so upset, 
according to one source, by the lack of 

information they were receiving from 
civil servants that there was talk of 
resignation. The members of the com- 
mittee feel that there is no point in 
having an advisory committee unless 
they receive full details of all the 
submissions. It appears that what they 
will get is the filleted summary of the 
proposals which the Home Office is 
preparing, and many of them are busy 
collecting the evidence by swopping it 
among themselves in an effort to 
outflank the mandarins. 

The Home Office say they are not 
aware of any pressure from the 
committee for more information, and 
that the Mobile Radio Committee is not, 
as merely an advisory committee, part 
of the framework within which the brief 
for the WARC delegates will be decided. 
That is the task of a panel of the 
Frequency Policy Branch which is 
entrusted with studying the submis- 
sions. They also cite the difficulty of 
photocopying and distributing a large 
number of bulky documents the author 
of one of which has asked should not be 
circulated outside Waterloo Bridge 
House. 

All the replies have now come in and a 
summary has been drafted which will be 
subjected to the criticism of interested 
parties, a group from which the Home 
Office disdainfully excludes "the man in 
the street ". In this way the Home Office 
say they can hope to reconcile the 
various conflicting interests of those 
wishing to consume airspace without 
getting bogged down in too much detail. 
Specific companies or individuals will 
be approached in cases where there is a 
conflict of interests between 
submissions or where the Home Office 
believe a submission contains errors of 
fact in the hope they" will agree to 
changes. Mr Baptiste told Wireless 
World that the submissions had con- 
tained "some very good stuff'. Many of 
the proposals were in line with the 
Home Office's view, he said. Another 
spokesman told us that the Home Office 
believed there was no point in trying to 
steamroller those interested in the 
allocation of frequencies: "It's much 
better to try to get people to go along 
with us." 

Alone among the mobile radio lobby, 
Motorola say that the Home Office is 
doing the best it can, and is consulting 
as much as any other country. Like the 
Home Office, they say that America is 
the only country committed to prior 
publication, and they sympathise with 
the pressures the civil servants are 
under to agree as much of their 
approach in advance with other Wes- 
tern countries in order to withstand the 
onslaught that is bound to come from 

the developing countries in 1979, Mr 
Walter Stevenson, Motorola's director 
of government liaison, cited the call for 
broadcasts to vacate band 3, which he 
described as "irresponsible" since most 
other countries, particularly the deve- 
loping nations, used v.h.f. for television 
broadcasting: "A proposition which 
wiped out tv services in these countries 
would find no favour at the confer- 
ence", he said, so there was no point 
putting it forward. In his view the 
arguments so far had directed the 
energies of the industry away from 
pursuing the best for the industry, for 
example by harmonising standards, to 
merely fighting the Home Office. 

The rest of the industry seem suspi- 
cious of Motorola, whether justifiably 
or not, on a number of counts. There is 
suspicion of any American, therefore 
foreign, corporation, particularly one 
which is likely to see, as indeed 
Motorola does, its British policies as 
part of a global strategy. Motorola see 
the development of mobile radio mov- 
ing towards the digital techniques 
which found favour with Warden, and 
regard any reduction in channel widths 
below 25kHz as a backward step. The 
British manufacturers are determined 
to adhere to speech communication, 
and believe that, if necessary, any 
future changes in technology could be 
used to reduce channel spacing, cer- 
tainly to 12.5kHz possibly as low as 
6.25kHz. 

Another worry for the mobile radio 
men is that they feel the broadcasters, 
particularly the BBC, have a great deal 
more pull than they do: "After all," said 
one, "it's a propaganda medium." The 
BBC proposal, published in shortened 
form in a booklet, will hardly have set 
their minds at rest. The Corporation, far 
from bowing out of, say, bands 1 and 3, 
would like massive increases in its 
allocations throughout the spectrum: 
shared frequencies either side of the 
long wave should be reallocated exclu- 
sively to broadcasting; an extra 10kHz 
should be found below the m.f. broad- 
casting band for the proposed motoring 
service; bands now used for tropical 
broadcasting should be allocated, 
though shared if necessary, to broad- 
casting world wide; the ten or so h.f. 
broadcasting bands below 20MHz 
should each be doubled in size and a 
further band allocated between 11.975 
and 15.1MHz; band 2 should be extend- 
ed to 88- 108MHz; band 1 should remain 
the same but band 3 increased to 
173- 223MHz, and there are minor 
changes to the satellite broadcasting 
frequencies. 

Despite the differences among the 
various lobbies, a consistent point of 
agreement has been the need for 
revision in the method of frequency 
allocation. Most sources say this is more 
important even than what happens in 
1979. Walter Stevenson says he pèr 
sonally would be in favour of some kind 

continued on page 74 
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World of 
Amateur 
Radio 

Pecking nuisance! 
It would be an understatement to report 
that the Russian "woodpecker" con- 
tinues to intrude into amateur bands; 
nearer to reality would be to say that 
from time to time this pernicious noise 
seems once again to be taking over 
great chunks of the h.f. spectrum in 
disregard of all international radio 
regulations. One wonders why hold 
WARC 1979 when one country can 
apparently take over the spectrum 
whenever it wishes; even more worry- 
ing is whether such military systems are 
likely to proliferate in the years ahead. 
If this form of radar works for the 
Russians will there soon be a NATO 
woodpecker or a North American 
species? 

14MHz to the rescue 
A young German amateur, an 
exchange- student on his very last 
evening in the United States, recently; 
picked up a distress message on 14MHz. 
He initiated action by alerting the 
Miami Coast Guard and this led to an 
aircraft picking up the crew of a sinking 
91ft Panamanian vessel between Cuba 
and Panama. 

Unfortunately not all such distress 
messages - no matter how authentic 
they appear - are genuine, as I 

discovered in October 1973 when I was 
one of the recipients of an elaborate 
series of hoax messages which resulted 
in a fruitless search by an aircraft of the 
Canadian Maritime Patrol for a non -ex- 
istent vessel claiming to be on fire. 

Here and there 
The 1977 National Field Day winners 
were the Channel Contest Group, with 
Glenrothes the runners up. In the 
restricted section, Swansea came first, 
followed by the Surrey Radio Contact 
Club. Band leaders were 1.8MHz Glou- 
cester; 3.5MHz Shefford, Bedfordshire; 
7MHz Edgware; 14MHz Telford, Salop; 
21MHz Glenrothes; and 28MHz Swan- 
sea. A. Smith, G31AS, of Warlingham, 
Surrey (c.w.) and F. C. Handscombe, 
G4BWP, (s.s.b.) were the two leading 
stations in the RSGB's special Silver 
Jubilee contest. 

W. S. Carey, ZE5JJ, has enabled a 
handful of radio amateurs to achieve 
"worked all continents" on 432MHz by 
means of moonbounce contacts. But 
neither he nor VK2AMW in Australia 
have yet been able to claim this 
distinction for themselves as they are 
the only active "moonbounce" stations 
in Africa and Australia. Early this year 
ZE5JJ completed a large new dish aerial 
which he uses both for earth -moon- 
earth contacts and as a radio telescope. 
He intends to use this aerial also on 
1296MHz. 

According to Oscar News, Bob 
Holmes, G6RH, of Bexley has worked 
over 1400 stations in 5 continents 
through the Oscar amateur satellites 
using home -built equipment. 

September is enrolment month for 
many evening classes for the Radio 
Amateurs Examination and those 
interested in joining a class this autumn 
should make enquiries at their local 
adult education centres; some centres 
include morse classes and Slough is 
again running an "advanced" course for 
those who have already passed the 
RAE. 

"Jamboree -on- the -air" is being held 
this year on October 15 and 16 although 
a few overseas centres reported "disap- 
pointing attendance" of Scouts at last 
year's event. To overcome the problem 
that Scouts feel that they are "not able 
to do anything but listen" the Cape 
Town group are organising additional 
activities such as direction- finding 
"hunts" in which the Scouts can 
participate fully. 

"Continued misuse of the existing 
repeaters and growing volume of criti- 
cism up to Ministerial level" are reasons 
advanced by the Home Office for their 
present reluctance to licence any addi- 
tional repeater stations "until the 
trouble is resolved ". 

The RSGB's controversial "Amateur 
Radio Observation Service" has begun 
operation. A group of ten observers, 
with D. M. Pratt, G3KEP, as honorary 
organizer is keeping a look out for any 
serious breaches of licence conditions 
on the amateur bands. 

Evaporated spirit? 
In CQ -QSO, the journal of the Belgian 
amateur radio society, a 20- year -old 
student listener (who has been interest- 
ed in radio for ten years) reports sadly 
on his attempts to obtain advice from 
local amateurs on taking his licence 
examinations. From some he received 
such off -putting replies as "I do not like 
modern youth" or "I have not the time" 
or "There are books for that ". He is 
equally disillusioned with those enthu- 
siasts who spend all their time discuss- 
ing the merits of their factory-built 
TS700 transceivers, or engaging in 
controversy over telegraphy versus tele- 
phony, or closing down when any 
newcomer attempts to use their "exclu- 
sive" repeaters. He suggests sadly that 
it is time for the different strands of the 
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hobby to draw together and ensure a 
revival of the old "ham spirit ". 

Yet it would be totally misleading to 
suggest that such reports indicate that 
the old spirit is entirely going out of the 
hobby. One has only to read the 
specialist newsletters, or note the rising 
tide of enthusiasm for such activities as 
10GHz microwave operation, or 

1.8 /3.5MHz exploitation of the "grey - 
line" or twilight paths, often involving 
operation in the very early hours of the 
mornings, or the many novel equip- 
ments still being constructed on kitchen 
tables, to realise that there is still plenty 
of spirit left in the hobby. 

An interesting example of amateur 
persistence in attempting to exploit 
difficult techniques can be found in the 
work on "flea- power" coherent c.w. 
mentioned in this column in March 1975. 

Recent developments in this difficult 
technique have been described in two 
recent articles by Andrew Weiss, K8 
EEO, (CQ, June and July, 1977) based on 
the work not only of W7GHM but also 
W6NEY and WA7ZVC. Although fre -' 
quency stability of the order of 1Hz is 
necessary, the system provides some 
20dB of system gain and, it is claimed, 
opens the way to "working the world on 
a torch battery". A coherent c.w. net 
frequency of 3562.500 or 14,062.500 kHz 
has been adopted and a regular "coher- 
ent cw Newsletter" is being published 
with a subscription of $10 but with "a 
free subscription offered to anyone who 
will build his own c.c.w. station" (Chas 
Woodson, W6NEY, 2301 Oak Street, 
Berkeley, California, USA). 

In brief 
The deaths have been announced of Reg 
Silverstone, GW2BG, of Abergavenny, 
who was first licensed in the days of 
1000m and 440m amateur bands and 
remained active on many bands over 
many years, and also Frank Hennig, 
G3GSW, of Worthing, a well -known 
author, radio broadcaster, and pre- 
senter in recent years of the BBC's 
World Radio Club. (It so happened that 
the editor of this journal, Tom 
Ivall, was interviewed on Frank's last 
WRC programme)...The new Republic 
of Djibouti has the amateur 
prefix J28 replacing FL8 . . . The 
callsign series H6A to H6Z has been 
allotted by the ITU to the Solomon 
Islands ... The RSGB is proposing to 
hold a v.h.f. convention at the Winning 
Post, Whitton, Twickenham again in 
1978 but this will be in the form of a 
specialised seminar and will not include 
a trade exhibition ... 1977 has proved a 
notable year for Sporadic E openings on 
144MHz and is being compared to the 
memorable year of 1965 ... VE3DDS 
will be a special station at the World 
Dental Congress, Toronto, Canada from 
October 22 to 28 ... The 7th annual 
South East Asia Network Convention 
(SEANET) is being held at Bangkok 
from November 18 to 20 . 

PAT HAWKER, G3VA 
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Microwave voice link - 
10GHz unit uses Gunn oscillator 

by M. W. Hosking, M.Sc., M.I.E.E., British Aircraft Corporation 

The voice link comprises two main 
component blocks - the transmitter - 
modulator and receiver -demodulator, 
Fig. 1. The transmitter is a solid -state 
Gunn device mounted in a rectangular 
waveguide cavity and oscillating in the 
vicinity of 10GHz. The device operates 
from a low voltage d.c. supply which, 
in this particular application, is contin- 
uously switched on and off with a 
rectangular wave modulation at high 
repetition rate. Speech information is 
carried by varying the mark /space 
ratio in proportion to the voice 
frequency. 

At the other end of the link, the 

Fig. 1. Main components of the link 
system comprising a voice- modulated 
transmitter and receiver /decoder. 

Fig. 2. Cross -sectioned details of the 
Gunn oscillator with front view. 

The reduction in cost of microwave 
semiconductor devices due to their 
large scale use has brought profes- 
sional microwave techniques to a 

much wider audience. Two examples 
are the Doppler intruder alarm tech- 
nique and short -range microwave 
speech links. The low -power com- 
munication link described in this 
article uses a similar type of receiver 
to that used in the domestic intruder 
alarm circuit described in the July and 
August issues. This two -part article 
gives full constructional details of a 

10GHz pulse -modulated voice link, 
including waveguide and horn anten- 
na and a simple calibration procedure. 

modulated carrier is rectified by a 
microwave detector diode mounted in a 
waveguide circuit and the variation of 
the mark /space ratio is extracted and 
amplified. No power- output stage is 

1 
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Fig. 3. Microwave devices are packaged 
in the standard form shown at (a) whilst 
the parasitic elements shown in the 
equivalent circuit must be taken into 
account in circuit designs (b). 

included here; instead, high- impedance 
headphones are specified. This enables 
the receiver to be completely self -con- 
tained and portable, with a low current 
drain battery supply. It is a simple 
matter to feed the receiver signal to a 
conventional audio amplifier system if 
required. 

A design is also given (part 2) for a 
pair of pyramidal horns for both 
transmitter and receiver, to give a 
directive radiation pattern and increas- 
ed range. 
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A practical means of realising a 
resonant RLC circuit at microwave' 
frequencies is a length of transmission 
line short- circuited at each end. This type 
of cavity is resonant at a wavelength 
corresponding to twice the length of the 
cavity. In the application here, an 
oscillator can be produced by removing 
one of the short circuits and replacing it 
with the Gunn device, together with the 
associated impedance matching and 
mounting structure. Fig. 2 shows the 
general design evolved for this project. 
It was chosen on the grounds of being 
easy to construct consistently, could be 
made from readily -available materials 
and has a high enough Q- factor to 
provide a good spectrum and frequency 
stability. The internal dimensions of the 
waveguide, together with the flange 
hole positions are those used for 
standard X -band components. 

Even though small, the Gunn device 
package - Fig. 3(a) - has a capacitance 
associated with its physical size and an 
inductance associated with the internal 
chip bonding leads which both have a 

Fig. 4. Stages in the fabrication of the 
waveguide resonant cavity from stan- 
dard 25mm square aluminium tube. 
Neatness and careful sealing of the 
joins are most important. 

The Gunn diode further reading 
The Gunn device is a small, semicon- 

ductor chip of gallium arsenide capable of 
generating a microwave signal on the 
application of a small d.c. bias. Its output 
power, output frequency and spectral 
purity are all influenced very strongly by 
the circuit in which the device is 
mounted. The action of an applied d.c. 
bias gives rise to a series of current pulses 
which traverse the semiconductor chip at 
the appropriate frequency; in this case, 
once every 10- -1 %. If the device is 

mounted in a suitable resonant circuit, 
then these pulses can be used to induce 
oscillations at the resonant frequency. 
The resonant cavity has a dominant effect 
in controlling the output frequency, so 
that tuning is possible if a means exists to 
vary the resonant frequency. To a much 
lesser extent, the period of the current 
pulses can be varied with the bias 
voltage. For a given bias, the output 
power from the oscillator is a function of 
the impedance match of the Gunn device 
to the cavity and of the cavity to the 
external world. Readers are referred to 
Realm of Microwaves, Wireless World, 
February 1973 and to Gunn effect and 
avalanche oscillators, Wireless World, 
February 1976, for further details. 

significant reactance at the operating 
frequency. Fig. 3(b) shows a simple 
equivalent circuit of the Gunn device, 
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the general electrical effect of which is 
to make the resonant cavity appear 
longer than it actually is and so to lower 
the frequency. Thus, the resonant 
length is slightly lower than that 
calculated for an empty guide to 
compensate for this effect. 

Referring back to Fig. 2, the Gunn 
device is mounted with the heat -sink 
end of the package against the wave - 
'guide wall and is held in position, with a 
light clamping pressure, by the mount- 
ing post. The circular disk on top of the 
diode helps to match the Gunn device 
impedance to the guide and also to 
suppress spurious mode oscillations 
associated with the post. The post must 
be electrically isolated from the top wall 
of the guide so that the d.c. bias can be 
applied. Hence, the locating nut is held 
clear of contact by the insulating layer, 
which also serves as the dielectric of an 
r.f. bypass capacitor and helps to 
prevent microwave leakage from the 
hole. Frequency tuning is possible by 
two methods: coarsely by moving the 
short circuit and finely by inserting the 
tuning screw. The first -mentioned is 
specified in a fixed position and, with 
the tuning screw withdrawn, will give a 
frequency of about 10.7GHz. Inserting 
the screw will perturb the electric field 
within the cavity and initially will 
appear as an increase in inductance (see 
Realm of Microwaves, part 9, Oct. 1974 
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Fig. 5. Pulse -position modulator for the 
Gunn transmitter using a high slew -rate 
operational amplifier. Capacitors, 
except electrolytics, are 10% tolerance, 
resistors 1/4-watt, 5% unless otherwise 
shown. 

Fig. 6. Component layout of the modu- 
lator board showing the interconnec- 
tion pattern on Veroboard. See note at 
foot of page 52 for printed board 
availability. 
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issue) causing the resonant frequency 
to decrease. By this means, the fre- 
quency can be varied by about 400MHz 
and thus permits a setting of between 10 
and 10.5GHz, necessary to comply 
with the Home Office regulations. 

Construction 
The waveguide cavity could be made 

from many materials such as copper, 
brass, aluminium or tin sheet soldered 
or bonded together, the wall thickness 
being relatively unimportant. However, 
a convenient method used for the 
prototype, was to cut it from standard 
lin (25.4mm) square aluminium tube 
available from most hardware or DIY 
shops. The wall thickness of the tube is 
0.060in (1.5mm) which gives an internal 
guide dimension of 0.880in (22.4mm) 
and is close to the standard X -band 
guide width of 0.900in (22.9mm). 

Cut a length of the tubing and file the 
ends smoth and square to a final 
dimension of 1.35in (34.3mm). Then, as 
indicated in Fig. 4(a), cut along the 
length of the tube to leave a three -sided 
section of at least 0.4in (10.3mm) 
internal dimension. File back smoothly 
to this size and then remove the sides of 
the off -cut, leaving a flat base. The 

waveguide is completed by bonding 
these two pieces together as in Fig. 4(b) 
using a two -part epoxy adhesive such as 
Araldite. It is essential that the mating 
surfaces are clean and free from grease 
- a wipe with one of the proprietary 
stain removers is very effective - and it 
is preferable to heat -cure the adhe- 
sive. Before curing, remove any surplus 
from the inside of the guide. 

Mark the positions of the holes from 
the dimensions shown in Fig. 4(c) and 
drill them out. It is easiest to start with 
the small, heatsink hole and to drill 
through both sides of the guide, thereby 
ensuring accurate alignment with the 
mounting posthole. Flange and short 
circuit can be cut from 0.040in (1.0mm) 
aluminium sheet to the dimensions give 
in Fig. 4(d) with particular attention 
being paid to trimming the short circuit 
to be a good fit inside the guide. This 
last point is particularly important in 
achieving the correct frequency perfor- 
mance. The mounting post is a lin 
(25.4mm) long 4BA bolt with a hole 
drilled in the end to accommodate the 
Gunn package and the circular disc is 
cut from this sheet as in Fig. 4(e). 

Isolation of the mounting post is 
achieved by inserting a thin insulator 

between the locating nut and the guide 
wall. Tlie best method found was to 
stick a piece of thin (0.005in, 0.1mm) 
double -sided tape over the large hole, 
cut a corresponding hole out of the tape 
and then place the nut in position. With 
a sharp blade, trim the tape to the 
external dimension of the nut and, 
finally, bond to the guide wall with a 
bead of Araldite. Before the adhesive 
sets, assemble the Gunn device and 
mounting post in the guide and ensure 
that the post and locating nut are not in 
contact with the rest of the mount. If a 
multimeter or other electrical means is 
used as a check, then remove the Gunn 
device first as a mistake on the polarity 
would almost certainly damage it. Place 
the flange in position and secure with 
the adhesive, taking care that the end of 
the guide is flush with the flange face. 
When set, push the short circuit in 
position and, as the final operation, 
cover all the joins on the side and 
shorted end of the cavity with alumin- 
ium foil as in Fig. 4(f). This is conven- 
iently held in place with double -sided 
tape. The Gunn device, mounting post 
and tuning screw can now be fitted to- 
gether with their locking nuts and sol- 
der tags and the oscillator is complete. 
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Transmitter alternative 
For those who do not wish to con- 

struct the basic microwave oscillator, a 
ready built and tested one can be 
obtained. This is similar in external 
appearance to the one just described 
and works out only slightly more 
expensive. Its frequency, however, 
requires retuning to comply with the 
Home Office regulations in this 
application. Further details are given in 
the components section. 

Modulator 
Of the various techniques available to 
encode speech or other analogue data 
onto a microwave carrier, the one 
chosen here is pulse position modula- 
tion. Normally, the Gunn oscillator 
would generate a c.w. microwave signal 
upon the application of a 7V constant 
bias at a current drain of about 150mA. 
Switching this bias on and off will pulse 
modulate the microwave carrier and 
information can then be encoded by 
varying the time interval between the 
pulses. Fig. 5 shows the circuit of the 
voice modulator, the heart of which is 
the 715 operational amplifier, capable of 
a high slew rate. This op -amp in 
conjunction with C4, R5 and the feed- 

back resistors Rs and R7 forms a 
triangular ramp generator whose fre- 
quency lies between 50kHz and 60kHz. 
However, R5 is bootstrapped to the 
potential divider RI, R2 and with no 
input signal the input to the 715 is held 
at half the supply rail voltage. Thus, 
whenever the triangular ramp rises 
above or falls below this voltage, the 
output from the operational amplifier 
will change polarity. The result is that a 
50 to 60kHz square wave is fed into Ra to 
be amplified by the Darlington output 
stage and applied to the Gunn oscillator 
at the required 7V level. Resistor R3 is 
chosen so as to give a one -to -one 
mark /space ratio. 

With no input signal, R5 is held at the 
stable level of half the supply voltage 
and regular pulses are generated. When 
the microphone is activated and a 
voltage appears at T1, it is amplified 
with a small- signal gain of about 400 
and appears as an amplitude modula- 
tion of the d.c. level at R5. As this level 
rises and falls, so too does the point on 
the triangular ramp at which the 
operational amplifier switches polarity. 
Hence, the spacing between pulses is 
being modulated in time at the fre- 
quency of the input signal. 
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Fig. 7. Power supply for the modulator 
uses a miniature mains transformer 
(e.g. RS Components type 196 -397) and a 
voltage regulator (15V IA type, e.g. 
7815) for ripple suppression and accur- 
ate Gunn supply voltage. Rectifier is 1A, 
50V type. 

Fig. 8. Mounting -hole locations in the 
tránsmitter box. Take particular care 
that the rectangular hole matches the 
waveguide. 

Modulator construction 
The components were assembled on 
Olin matrix Veroboard to the layout 
shown in Fig. 6 keeping all component 
leads as short as possible. Capacitor C7 
is to suppress low frequency oscillations 
of the bias circuit and must be connect- 
ed directly across the cavity terminals. 
shown in Fig. 7 is the power supply 
details for the modulator; the 15V 
regulator is used both to provide an 
accurate voltage at the Gunn device 
and to reduce the ripple content of the 
d.c. rails. It was mentioned earlier that 
the frequency of the microwave oscilla- 
tor could be varied by changing the 
supply voltage. The exact amount 
depends largely on the loaded Q- factor 
of the cavity, this particular design 
giving about 10MHz /volt variation. 
Thus a lmV supply ripple will produce 
10kHz of f.m. noise on the pulse. In 
addition, the microwave output power 
can also be varied by the supply voltage 
and thus ripple will add an a.m. 
component to the noise level. 

The modulator board power supply 
and Gunn oscillator have been designed 
to fit into a standard die -cast box 
434x334x2in (150 x 120 x 50mm) a pho- 
tograph of the assembly being shown in 
part 2. Place a piece of thick card or, 
preferably, Vain (3mm) hardboard under 
the modulator card and make sure that 
no burrs from the copper tracks touch 
the sides of the box. Because the 
positive pulse is applied to the heat sink 
end of the Gunn device, it is also 
necessary to isolate the complete oscil- 
lator from the metal box. This is easily 
achieved by attaching a layer of adhe- 
sive tape to the front face of the flange 
and using nylon screws for bolting the 
oscillator in place. Details of the various 
hole locations on the box are given in 
Fig. 8. 

To be concluded. 

Components 
Mullard microwave devices CXY1IA and 

BAV46 with collet are obtainable from 
Townsend- Coates Ltd, Loneford Road, 
Leicester LE5 OHH. IC,, Fairchild type 
ItA715DC, is obtainable from Macro Market- 
ing Ltd, 396 Bath Road, Slough, Bucks Sll 
6JD. Printed boards for modulator and 
receiver will be available from M. R. Sagin, 23 
Keynes Road, London NW2 costing £4 
inclusive. 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, October 1977 5;; 

Logic design 

Shift register counters 

by B. Holdsworth* and D. Zissost 

8 

Chelsea College, University of London f Department of Computing Science, University of Calgary, 

An alternative method of designing 
digital counters or sequence generators 
is to use a shift register chip: a typical 
shift register counter configuration is 
shown in Fig. 1. The individual flip -flops 
form of an n stage shift register and 
the connexions between individual 
flip -flops are internal to the chip. The 
output of each stage and its comple- 
ment are both available and they may 
be used to drive combinational -feed- 
back logic which provides the J and K 
inputs to the first stage of the shift 
register. Such a circuit can be used to 
generate specific binary sequences or, 
alternatively, it can operate as a 
modulo -M counter. 

Input- output relations 
The input- output relationships for each 
stage of the counter shown in Fig. 1 are 
defined by the following set of 
equations: 

At +8t = f(A, B,...N)t 
Bt+st = At 

Ct+st = Bt 

Nt=st = (N-1)t 

The feedback circuit produces either 
a 1 or a 0 which is fed to the input of 
flip -flop A where it determines the next 
state of A on the receipt of the next 
clock pulse. For example, assuming that 
then n -stage shift register is in the state 
N...CBA = 0...001, the next stage of the 
shift register will be either 0...010 or 
0...011, depending upon whether the 
feedback logic provides a 0 or a 1 at the 
J -input of flip -flop A. 

Universal state diagram 
The transition table for a two -stage shift 
register is shown in Fig. 2(a). If the shift 
register is initially in the state 00 then 
there are two possible next states. These 
are 00 if the J -input to the first flip -flop 
is a 0 or alternatively 01 if the J -input is 
a 1. Similarly, if the initial state of the 
shift register is 01 then the two possible 
next states are either 10 or 11. 

Canada. 

Clock 

a 

Jq 

Feedback logic = f (A, B, - - -- - N ) 

A 

KA 

1 

KB 

Fig. 1. Basic configuration of a feedback shift register counter. 

The transition table of Fig. 2(a) can be 
translated into the universal state 
diagram shown in Fig. 2(b), alternative- 
ly called the de Bruijn diagram. It will be 

00 

00 

U-11---- 

00 01 10 11 

(a) 

Si 

(b) S2 

Fig 2. Transition table for a two stage 
shift register is shown at (a), while (b) 
shows the de Bruijn or universal state 
diagram for a two stage shift register. 

noticed that the shift. register is 
permantly "locked" in the state 00 if the 
feedback logic is a 0 and, similarly, it is 
"locked" in the state 11 if a 1 is provided 
by the feedback logic. 

A similar transition table can be 
developed for a three -stage shift 
register and this can be translated into a 
universal state diagram as shown in 
Figs. 3(a) and 3(b). The universal state 
diagram for a four -stage shift register is 
shown in Fig. 4 and clearly the 
complexity of this type of diagram 
increases rapidly with the number of 
stages in the shift register. 

The universal state diagram is a 
departure from the kind of state 
diagram that defines a specific sequen- 
ce, as seen in earlier articles in this 
series. All possible internal states and all 
possible transitions between states are 
shown on the universal state diagram. 
The logic designer may now choose a 
suitable sequence of states on the 
diagram and design the feedback logic 
so that the shift register will cycle 
through the chosen sequence of states. 
If for example a decade counter is 
required, then a ten -state sequence 
should be chosen on the de Bruijn 
diagram and the feedback logic required 
to produce the sequence is then 
determined by the methods described in 
the next section. 
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Designing a decade counter 
Step 1. Choose a ten -state sequence on 
the universal state diagram for a 
four -stage shift register. Examination of 
Fig. 4 reveals the following two possible 
sequences: 

(a) So-S1-S2-S5-S11--S7-S15-S14 

e 
S12-S8-Sa and 

/ \) "0-S1-S3-S7-S15-S14-S13-S10 
-S4-Ss-So. 

There are, of course, other ten -state 
sequences besides those detailed above. 

The state diagram for the second of 
the above sequences is shown in Fig. 
5(a). 

Fig. 3. Transition table for a three -stage 
shift register (a) and universal state 
diagram for a three -stage shift register 
(b). 

Step 2. Draw up a state table, as shown Fig. 4. The universal state diagram for 
in Fig. 5(b), and determine the logical a four -stage shift register. 
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value of the feedback function for each 
transition. For example in going from So 

to S1, the state of flip -flop A must 
change from 0 to 1 and hence the 
required input JA =1. This is the logical 
value of the feedback function required 
for this transition, and it is entered in 
the final column of the state table. 

Step 3. Plot the feedback function and 
the unused states on a four -variable 
Karnaugh map as shown in Fig. 5(c). 
The feedback function is marked by a 1 

in the appropriate cells of the map, 
whilst the unused states are marked 
with a "d ". 

Using normal minimization techni- 
ques the feedback function is found to 
be f = CD + AD + ,ABC. If the circuit 
enters an unused state the logic of the 
unused states, f = ACD + t1BD + 
ABCD + ABCD, can be used to stop the 
counter, raise an alarm, and reset all the 
flip -flops in the shift register to zero. 

If this counter enters an unused state 
due to circuit misoperation, and if the 
logic of the unused states is not utilised, 
it will return to the correct sequence' 
after a maximum of five clock pulses. 
The behaviour of the circuit is then 
described by the two tables shown in 
Fig. 5(d). 

A perfectly general rule that should 
be observed when designing this type of 
counter is that the entry in the S15 cell 
on the K -map should always be a 0 and 
that in the So cell should always be a 1, 

irrespective of whether these two states 
are in the counting sequence. This 
ensures that the counter will never be 
locked in either the 0000 o r 1111 states. 

The implementation of the basic 
counter is shown in Fig. 5(e). If a 
decimal output is required then a 
4 -to -16 line decoder can be used. For 
example when ABCD = 1 the decoder 
output should be the decimal digit two. 

S12 S14 
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Alternatively, if a decimal display is 
required then the counter in conjunc- 
tion with the appropriate combinational 
logic can be used to drive a seven 
segment indicator. 

Shift register sequence generators 
A shift register counter with feedback 
logic can be modified, to produce any 
required binary sequence, with the aid 
of output logic. The length of the binary 
sequence generated, 1, will be the same 
as that of the count from which it has 
been derived. For an n -stage shift 
register the length of the binary 
sequence 1 The basic configuration 
of such a sequence generator is shown 
in Fig. 6. 

Design. As an example, a circuit that 
will generate the binary sequence 
0 0 1 0 1 0 1 1 will be designed. 
Since there are eight bits in this 
sequence a three -stage shift register will 
be required. The eight three -bit 
combinations required to generate this 
sequence are tabulated in Fig. 7(a), 
where the binary digits in the column 
headed ga are the required sequence 
whilst those in the columns headed gb 
and gc are the same sequence delayed in 
time with respect to the sequence in the 
column headed ga, by one and two clock 
pulses respectively. 

It will be observed that the shift 
register states 010 and 101 both occur 
twice in the tabulation. In the case of 
state 101 an ambiguity exists, since in 
one case the next state of the shift 
register is 010, whilst in the second case 
it is 011. Consequently these eight 
combinations cannot be generated by 
the method of direct feedback logic 
employed in the last design example, 
and output logic has to be used to 
produce the required sequence. 

The method employed is to develop 
an eight -state sequence using direct 
feedback logic, the required binary 
sequence then being derived from this 
eight -state sequence with the aid of 
output logic. 

Step 1. An eight -state sequence is 
obtained from the de Bruijn diagram for 
a three -stage shift register shown in Fig. 
3(b). Such a sequence is: 

So- S1- S2- S5- S3- S7- S6-S4 -So 
and the state diagram for this sequence 
is shown in Fig. 7(b). 

Step 2. The state table is drawn up as 
shown in Fig. 7(c) and the value of the 
feedback function, either 0 or 1, is 
determined for each transition as 
described previously. 

Step 3. Plot the feedback function and 
any unused states on a Karnaugh map 
as shown in Fig. 7(d). Using normal 
minimisation techniques the feedback 
function is found to be: 

f = BC +ABC + ABC 

S10 51 

(a) 

S D C B A Feed4ack 
function 

So 0 0 0 0 1 

Si O 0 0 1 1 

S3 0 0 1 1 1 

57 0 1 1 1 1 

S15 1 1 1 1 0 
S14 1 1 1 0 1 

S13 1 1 0 1 0 
Sto 1 O 1 0 0 
S4 0 1 0 0 0 
S8 1 0 0 0 0 

( b ) 

5 DC BA f 

S9 1 00 1 0 
S2 00 1 0 1 

S5 0 1 0 1 1 

S11 1 0 1 1 0 
S6 0 1 1 0 1 

513 1 1 0 1 0 
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Clock 
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Step 4. The output binary sequence 
required is now tabulated by the side of 
the eight -state shift register sequence as 
shown in Fig. 7(e) and the minimal form 
of the output function 

ga =BC +AC 

(e) 

JD 

KD 

Fig. 5. State diagram for a decade 
counter (a), state table (b), Karnaugh 
map of the feedback function (c). The 
behaviour of the counter after entering 
an unused state is at (d) and (e) shows 
a shift register decade counter. 
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is obtained from the Karnaugh map 
shown in Fig. 7(f). 

There are other output sequences 
such as gb and gc in Fig. 7(a), which are 
merely displaced in time from the 
sequence in the ga column of Fig. 7(e), 
and the logic for these sequences can be 
examined to see which requires the 
least hardware. As it happens, in this 
example, the equation for ga contains 
the term BC which is one of the product 
terms of the feedback function; hence, 
very little additional hardware is 
required to generate the output 
equation. The implementation of the 
sequence generator is shown in Fig. 
7(g). 

In the second half of this part of the 
series, the authors continue the 
discussion of shift- register counters, 
going on to describe ring counters and 
maximum -length sequence generators. 

Fig. 7. (a) shows eight, three -bit 
combinations needed for 8 -bit sequence, 
and the state diagram to give the 
eight -state sequence is at (b). State 
table for feedback function and its 
K -map are at (c) and (d) while the 
state table and K -map for the output 
function are at (e) and (f). Fig. 7(g) is 
the implementation of binary sequence 
generator. 

9a = BC +!>C 
( t 

oc. 

Output logic 

Clock 

KB 

JN 

KN 

V 

Feedback logic 

Fig. 6. Basic configuration of a binary 
sequence generator. 

Clock 
pulse gc 1b ga 

1 1 1 0 
2 1 0 0 
3 0 0 1 

4 0 1 0 
5 1 0 1 

6 0 1 0 
7 1 0 1 

8 0 1 1 
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CBA 
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100 110 111 011 

54 56 57 53 
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A stepping motor drive 
Digital control and position indicator for 2000 revolutions 

by W. J. Bannister University Laboratory of Physiology, Oxford 

The appearance of the stepping motor 
has solved a number of problems in the 
control of both rotational and linear 
movement, previously the province of 
the D.C. motor and servo -system. 

A typical motor (Impex series ID.07) 
has four stator coils and twelve pairs of 
rotor poles, and so can take up 48 
distinct " positions in one revolution. 
When the stator coils are energised in 
the correct sequence, the rotor can be 
made to move from one stable position 
to the next (7' /z° in either direction), at 
rates of over 1000 steps /s. The ener- 

Fig. 1. The gating circuit 
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gising waveforms can be provided 
electronically, or by mechanical 
switching. 

The system described can be used for 
the general control of such a motor, the ! ! 
five digit readout indicating its position 
for more than 2000 revolutions. Limits 
can be chosen so that the motor will not 
overrun a chosen count in either 
direction, and the motor can be run 
continously, or in gated 'trains' of steps 
from 1 to 999, the stepping rate itself 
being variable up to 200 steps /second. 

Our specific requirement was to drive 
an electrode along a 25mm track, and 
'know its position to an accuracy of 2µm, 
and my thanks are due to Mr Lionel. 
Gale for developing the gearbox which 
achieved this. 

The photograph the motor 
mounted on the drive assembly. By 
driving a micrometer leadscrew of 
0.5mm pitch, through a '125:24 anti - 
backlash gear- train, a movement of 
21im /s along the leádscrew is produced. 

Fig. 1 shows the gating circuit. 
Consider the action for driving forward 
(Go +). The bistable G4G5, at 'ready', 
has its two inputs at logical 1, and its 
output at O. A '0' pulse on the G5 input 
will cause the output to go to 1, and hold 
itself there until a 0 pulse into G4 resets 
the output to O. _ E 

+12V 

Limit 

Limit+ 

39k S39k 

ABC BC 

- - Decode 74141N - -- 

- -- Count 74192 - -- 
- Borrow - 

Fig. 2. The count / display unit 

+200V 

Display 

Count+ 

Count - 

Reset 

Continuous moue. Switch 1 

position 1. 

When the Go + switch is closed, a 1 -* 0 
transition is applied to the inputs of G3 
and M1 (half monostable type 74123). 
G3 output goes to 1, making G4G5 
ready, and the M1 (200 is) Q pulse into 
G5, flips the output to 1. The main gate, 
G8, has two control inputs, from G5 and 
G12(limit +). When these are both at 1, 
the clock pulses go through to the 
display and motor drive. The limit input 
is derived from the display counters, 
áná we chose 24,000 since the mechani- 
cal drive limit was 25mm. The circuit 
will now continue to drive until either a 
count of 24,000 is reached, or the Go + 
switch is opened, when G3 output will 
go to 0, resetting the bistable. The 
action for Go- is identical, except that 
the limit, counting backwards, is 99,998. 

Gated train mode. Switch 1/2. 
Normally, as G5 and G7 outputs are 0, 

G16 output is 1. This is fed to the 'reset 
to 0' line of the 7490 counters. The BCD 
outputs for the chosen train length are 
switched by S2 to the G10 control 
inputs. At 'reset to 0', G 10 output holds 
the bistable ready. For Go + 50 steps, S2 
feeds decade 2 A and C outputs to G10, 
and the Go+ switch is closed, trigger- 
ing M1. This toggles the bistable, 
activating G8 (subject to the limit 
input), and through G16, setting the 
7490s to 'count'. G8 will now pass clock 
pulses to the motor and display, and via 
G14 and G11, to the 7490s. When a 
count of 50 is reached, the end of the 
50th clock pulse will drive G 10 output to 
O. This will reset the bistable, shutting 

Motor 
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Fig. 3. The Veroboard layout 

Fig. 4. The reset -zero delay monostable 
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G8. G16 goes to 1, resetting the 7490s to 
0, G10 to 1, and the bistable to the 
'ready' state. During the train of pulses, 
M1 and M2 are cross -inhibited, dis- 
abling the Go +Go- switches. 

External trigger mode. Switch 1/3. 
In this mode, the gating and counting 
system is the same, but the trigger is 
derived from M7. A positive going pulse 
from an external source, applied to the 
B input of M7, feeds a Q pulse (200µs) 
into the common input of GI and G2. If 
the Go+ switch is closed, this pulse 
passes through G1, and triggers M1, 
initiating a train. 

Pulse doubler 
M3 M4 and M5 M6 are 74123 monosta- 
bles, M3 and M5 set to lms duration, 
and M4 and M6 to 200µs. For each input 
pulse, two output pulses are produced, 
separated by 800µs. These are fed to the 
count /display unit, which consists of 
five decades of up /down counters, 
decoders and Nixie indicators (Fig. 2). 
The display progresses by two counts 
per motor step, and indicates displace- 
ment in microns. 

Clock generator 
A 555 type timer is used in the astable 
mode, to produce 200µs pulses. The 
device works reliably on a 5V supply, 
and S3 switches the rate between 2 and 
200 pps. 

Motor d, rive 
The motor pulses from the gating unit 
trigger a conventional drive circuit of 
two bistables with diode steering to 
effect forward /reverse rotation of the 
motor. Fig. 3 shows the vero -board 
layout for driving the Impex type 10.07. 
Drive units are available commercially 
to suit the motor used from Impex 
Electrical Ltd, Market Road, Richmond, 
Surrey. 

In general 
When switching the instrument 'on', it 
is necessary to reset the display to zero. 
This is done automatically by a delay 
monostable (Fig. 4), which produces a 
10ms, 5V pulse, when the 5V line is 
energised. This 'set' pulse is also fed to 
the 'set' input of G21, to ensure the 
correct initial state of the bistable G4G5. 
The reset switch on the front panel also 
sets the display to zero, and if held on, 
overrides the electronic limits, enabling 
the electrode drive to be aligned on its 
mechanical zero indicator. 

The power supplies required are: 
5V at IA for gating and counting. 
12V at 50mA and -24V at 300mA for 

the motor. 
200V at 25mA for the display. 
By using later types of 5V motor, and 

also I.v. filament or l.e.d. display, the 
whole unit can be run off 5V, but this 
simplification must be weighed against 
the increased cost involved. How much 
is your time worth? 

Microwave test instruments and a range of 
attenuators and components made by 
Weinschel Engineering are described in two 
catalogues, obtainable from the UK 
distributors, Marconi Instruments Ltd - 
Sanders Division, Gunnels Wood Road, 
Stevenage, Herts SG1 2AU W W401 

Test equipment for use in the servicing of 
two -way radio is the subject of a short -form 
catalogue from Motorola. Equipment 
described includes p.s.us, meters, signal 
generators, counters and test sets, together 
with the new Motorola oscilloscope and 
power meter. Motorola Inc., Communica- 
tions Group, 1313E. Algonquin Road, 
Schaumburg, Illinois, 60196, USA . WW402 

Further leaflets in the BBC series 'Engineer- 
ing Design Information,' in which mention is 
made of BBC designs available for commer- 
cial development, are now published. They 
are as follows: a low -noise (<7dB) 15dB 
video amplifier (AM5/526), u.h.f. test 
equipment for transmitters (EP14M /507), an 
i.t.s. generator and inserter (GE4M/556), a 
Band II f.m. monitor receiver (RCl/ 12), video 
amplitude measuring unit (UN1 /715) and 
pulse delay unit (UN14L/532). Copies are 
obtainable from the Liaison Engineer, 
Designs Department, BBC, Broadcasting 
House, London W1A IAA WW403 

"Electronic Measuring Instruments" is the 
title of Wayne Kerr's new catalogue which 
briefly describes, in English, French and 
German, most of their range of test gear, 
including the new B424 component bridge. A 
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section is devoted to the Dimeq capacitive 
contactiess gauging system. Wayne Kerr 
Sales, Wilmot Breeden Electronics Ltd, 442 
Bath Road, Slough LS1 6BB WW404 

A short-form catalogue of equipment for 
stripping, marking, sleeving, identifying and 
trunking cables is produced by Hellermann 
Electric, Gatwick Road, Crawley, West 
Sussex, RH1O 2RZ. WW405 

Four ranges of pliers, cutters and nippers in 
the Lindstrom range are fully described in 
catalogue No. 99 -74, from Wm A. Meyer Ltd, 
9 Gleneldon Road, London S.W.16 . WW406 

Slewing rates of 50V /ps and 240V /ps are 
provided in a high -voltage power supply 
series CPS 7000, which is intended for the 
control of thè beam- penetration type of 
colour tube. A leaflet describing the series 
can be had from CPS, Inc., 722E. Evelyn 
Avenue, Sunnyvale, California 94086, U.S.A. 

WW409 

We have received a copy of the technical 
standard for v.h.f. /u.h.f. television and radio 
domestic receiving aerials from the British 
Aerial Standards Council, dealing with 
terminology, specifiable parameters, measu- 
rement and mechanical parameters. Copies 
can be obtained from Jack Hum, Secretary 
BASC, 27 Ingarsby Lane, Hough- 
ton on the Hill, Leicester LE7 911 at £1.25 by 
post or £5.00 for five copies. 

The applications of Marconi's TF2370 
spectrum analyser in an impedance measur- 
ing and matching role is described in a 
booklet (No. 18) in the Measuretest series. 
The booklet has been written by A. V. 
Griffiths of AWA and B. R. Webster of 
Marconi Instruments and is obtainable from 
the Publicity Dept, Marconi Instruments Ltd, 
Longacres, St. Albans, Herts AL4 OJN 

WW408 

Sixty Years Ago 

The measurement of frequency was not, in 
1917, anywhere near as easy and precise as it 
was to become a few years later. In our 
October, 1917 issue, "D.J." wrote describing 
one of the first heterodyne wavemeters, 
using a valve and designed for frequencies 
between 500kHz and 200kHz. It consisted of 
a feedback valve oscillator and detector and 
relied for its accuracy, in part at least, on the 
fact that the frequency couldn't be more than 
10kHz out, since a higher note was inaudible. 

"A wavemeter with the connections given 
above may be used for a variety of purposes. 
As it generates continuous waves of a 
frequency varying with the value of the 
condenser, it can be used as a sending 
wavemeter as well as a receiving wavemeter 
without making the slightest alteration 
whatever to the circuits. 

Let us, however, for the time being, 
consider only its use as a measurer of the 
length of continuous waves. Suppose the 
instrument is brought up to a set which is 
sending out waves of, say, 800 metres length. 
These waves will have an interference effect 
on the oscillations already taking place in the 
wavemeter. If the wavemeter is set to, say, 
750 metres, the system will be oscillating at a 

frequency of 400,000. When the wavemeter 
receives the 800 metre continuous waves, 
oscillations of 375,000 frequency are set up in 
addition. These two sets of oscillations, 
superimposed upon each other, will produce 
a resultant oscillating current, with beats 
when the two sets of oscillations are 
momentarily assisting one another. The 
frequency of these beats will be equal to the 
difference of the two separate frequencies, 
and will in the present case be 25,000. 

The valve is also acting as a detector in 
addition to generating oscillations. The 
beats, therefore, are rectified, and will 
produce in the telephone receivers a note 
having a frequency equal to the beat 
frequency. This note, to be audible to the 
human ear, must be below a frequency of 
about 14,000. It is obvious then that if the 
wavemeter be set to 750 metres nothing 
whatever will be heard in the 'phones. Only 
when the wavemeter condenser is turned 
round tilt 770 metres is reached will anything 
at all be heard in the ear pieces, and then only 
an exceptionally high note. As the 
wavemeter is turned nearer to 800 metres - 
i.e. as the two frequencies approach each 
other - the note in the telephones gradually 
gets lower and lower till at 800 metres 
nothing whatever is heard. The two 
frequencies, local and superimposed, are now 
identical, and, whether in phase ' or not, 
produce resultant oscillations of constant 
amplitude, and which therefore are unable to 
affect the telephone even when rectified." 
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Letters to 
the Editor 

THE LANGUAGE OF HI -FI 

Your balanced and sensible leader in the 
August issue came as balm to my inflamed 
spleen after also reading in one of your 
considerably less distinguished contempor- 
aries that a highly respected preamplifier 
"sounded boring" and "made the music 
sound as if played by amateurs ". Surely the 
nadir of lunacy in the use of subjective 
language! One gets the impression that these 
terminological outrages are being perpetrat- 
ed on gullible readers by a new breed of 
journalistic wunderkind, who would proba- 
bly be hard pressed to define a decibel. The 
reasons for this development are beyond me 
- probably it is either an effort to conceal 
technical incompetence or because it makes 
saleable copy; or a mixture of both. 

Of course, I am not against the use of 
subjective language. What I am against is the 
increasing tendency to use language of 
imprecise meaning. To misquote Gertrude 
Stein "a volt is a volt is a volt" and I hope no 
one is going to question that or challenge 
that a volt measured in hi -fi equipment is any 
different from any other. But when someone 
says vis -à -vis the performance that the 
"information retrieval efficiency was low" 
(yes, really - I didn't make it up) then like 
the late and quite unlamented Hermann 
Goering, I reach for my axe. If I as an 
experienced professional engineer cannot 
understand it, then heaven help the poor 
layman.. 

We commentators in engineering journa- 
lism have a heavy responsibility and should 
never resort to language that is capable of 
alternative interpretation or is open to doubt: 
and if there is a slight doubt, then it should be 
clearly defined or explained. At the risk of 
being accused of pedantry, I will go further 
and say that every observed phenomenon in 
reproduced sound is measurable and may be 
expressed in quantitative terms. Some subtle 
effects perhaps may be harder to measure 
than others; but I am with Galileo and Lord 
Kelvin. Inventing new words is not the way 
out. 

May I finish with another observation, and 
a warning against another tendency not 
confined to the popular hi -fi press? This is the 
lack of a sense of proportion and a failure to 
appreciate the realities of the technical side 
of audio. I have just been reading with 
interest an article in a well -known technical 
publication. The writer discusses with great 
insight, the technical desiderata for a pickup 
input stage; then spoils it all by proudly 
declaiming in the final paragraphs that the 

improvements result in a reduction of the 
t.h.d. to 0.0004%. Marvellous. Then if someone 
is able to make a gramophone record and 
cartridge capable of the same order of 
inherent Dt we might just be able to notice 
the difference. 
Reg Williamson 
Norwich 

AURAL SENSITIVITY TO 
PHASE 

I fear that Mr Moir (Letters, July 1977 issue) 
has misunderstood the point which I was 
trying to make in my letter on the audibility 
of polarity reversals (Letters, May 1977). Far 
from the distortion of one stage in the 
amplifier chain being cancelled by a comple- 
mentary distortion in a subsequent stage, as 
suggested by Mr Moir as an explanation for 
the effects I discussed, I was at pains in my 
letter to make clear that this was not the 
case. All subsequent stages in the chain, 
including the transducer, were shown not to 
be responsible for the effect in question. (In 
the case of the loudspeaker, this was done by 
listening from both front and back of the 
dipolar electrostatic panels, thus introducing 
a polarity reversal in the acoustic waveform, 
which was found to reverse the effect.) The 
change in quality of the signal was due 
entirely to its own asymmetry, not to 
subsequent distortion. This confirms the 
earlier work cited in my letter. 

An even more vivid demonstration of this 
effect can be obtained by linearly combining 
two sinusoidal oscillator signals, one a 
"fundamental" frequency of around 400Hz 
and the other an adjustable -level "second 
harmonic" of around 800Hz. If the second 
harmonic is allowed to drift slowly in phase 
relative to the fundamental a very pron- 
ounced cyclic change in the sound quality of 
the signal will be heard, and it is instructive 
to listen to it while observing the asymmetric 
waveform on an oscilloscope. No such effect 
appears to occur if the 800Hz signal is shifted 
to the third harmonic, i.e. 1200Hz; the 
waveform is now always symmetric with 
respect to polarity reversals. With a fourth 
harmonic, however, the effect is again subtly 
audible if the level is suitably chosen. 

Towards the end of his letter, Mr Moir in 
fact seems to support my argument, by 
agreeing that on good signals a polarity 
reversal is indeed subtly audible. This strikes 
me as being ari important conclusion! Even 
more than just standardizing the absolute 
polarity of the whole audio chain, as I 
suggested, it would seem that the non -lin- 
ear -phase errors inherent in the use of 
pressure and /or velocity microphones in 
recordings, which are reproduced indiscri- 
minately via either pressure or velocity 
transducers, also requires serious investiga- 
tion. 
Stanley P. Lipshitz, 
University of Waterloo, 
Ontario, Canada. 

Mr Driscoll, responding in the July issue to 
my letter of last February, asserts of himself 
"My grasp of basic principles is not so 
uncertain that I could believe Coleman's 
claim that "tone bursts which differ in the 
framing of phase" (I wrote "OR 'phase' ") of 
the sine wave with respect to the burst 
envelope have spectra of different shapes." 
My claim can easily be checked, and is 
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correct. Where does that leave his "grasp of 
basic principles "? 

If the members of a regular sequence of 
tone bursts are well separated, so that they 
are heard as separate bursts, it is enough to 
calculate the Fourier transform or spectrum 
of any one of them. If a particular burst 
consists of the sinusoid sin (217fot +e) gated 
on for 2n periods centred about the time t = 0 
then its transform is 
K (f- fa- 2 +(f +fa-2 +(f -2 -f0- 2)cos2( sin 
(2+rnf /fJei`14) where 4,(f) =e -tan (f -f0) 
sin2e/(f+fo+(f-fa) cos 2E)) +7r/2 and K is 
is independent of both f and E. If the burst is 
not a whole number of periods long the 
expression becomes more complicated. 

This spectrum peaks at f = f u and the width 
of the peak, taken between neighbouring 
zeros, is fo/n, inversely proportional to the 
burst length, and compatible with the 
requirements of the acoustic uncertainty 
relationship. Its shape, i.e. the variation of its . 
modulus with f, clearly does change when 
the value of a changes, and in addition the 
reference phase 4(f) of the component of 
frequency f depends in a non -linear fashion 
on both f and E. If the centre of the burst 
occurs, not at time t = 0, but at t = T, then c(f) 
contains a further additive term -24T. If 
e =Tr /2 the spectrum of the burst decays at 
frequencies far from fo as f -1, whereas if a =0 
it decays as f-2. This is understandable since 
in the latter case the burst has discontinuities 
of slope at its ends, but in the former has 
amplitude discontinuities, which will splash 
the spectrum out much further, a point about 
which I warned Mr Driscoll in my February 
letter. He doesn't have to take my word for 
these statements - presumably one of his 
brighter students could check the calcula- 
tions, or he could ask one of the enterprising 
loudspeaker manufacturers who have set 
themselves up with minicomputers, f.f.t. 
programmes, and graphics terminals to let 
him see for himself what a sinewave 
toneburst spectrum really looks like, in phase 
as well as in amplitude. 

It is all too easy for those acquainted in 
principle with Fourier transforms to mention 
the use of transfer functions and Fourier 
transforms for calculating network respon- 
ses to signals of finite duration, leaving the 
impression that this is essentially a trivial 
extension of normal a.c. calculations. It is 
not, and exposure to the specific Fourier 
transforms of a few simple signals, such as 
tone bursts, can go a long way towards 
driving the point home. 
C. F. Coleman, 
Wantage, 
Oxon. 

CONFUSION ABOUT 
DISTORTION? 

In a letter in your August issue Mr Greenbank 
quotes an earlier correspondent who states: 

. . 'loss of information' occurs during 
amplifier 'latch -up' - when, as we all know, 
l00% intermodulation distortion occurs." This 
statement is symptomatic of a general 
confusion which has resulted from harmonic 
distortion, intermodulation distortion, 
"latch -up ", "clipping ", "slew -rate limiting ", 
and transient intermodulation distortion all 
being regarded as "distortion ". 

The use of distortion as a generic term is 
probably responsible for it being generally 
unnoticed that the above list may be the 
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results produced by two fundamentally 
differing mechanisms. 

Consider the case of an amplifier which, 
though it has a non -linear transfer function, 
has no clipping point or slew -rate limit. Such 
an amplifier may be modelled by a "one -to- 
one" mapping function, and because of this 
an inverse mapping function may be disco- 
vered which precisely restores any mapped 
set of points back to their initial positions. 
With any distortion which may be described 
this way, therefore, we always (in principle, 
at least) perform another process which 
gives us the information in its "undistorted" 
form. 

Such is not the case with "latch -up ", 
"clipping" and "slew -rate limiting ". Each of 
these may not be regarded as a "one -to- one," 
mapping - rather, they are characterised by 
a "many -to -one" mapping function. In 
these cases no inverse mapping function 
exists which may be employed to restore any 
arbitary initial point to its original position. 
We have created a singularity, and a set of 
points are "doomed to fall down it ". 

For this reason it will unfortunately tend to 
cloud the issue to regard "many -to -one" 
imperfections in a transfer function as 
"distortion ". Hence it is misleading to regard 
clipping or latch -up as "100% intermodulation 
distortion ". Similarly, it is unhelpful to call 
the effects of slew -rate limiting "transient 
intermodulation distortion." 

I would not wish to argue that 
"many -to -one" imperfections are not "dis- 
tortion" as the word is currently defined 
only that we are here clouding the problem 
by our choice of terms. 

As for the "loss of information" concept 
which prompts Mr Greenbank's letter, all I can 
do is point out that this may be defined in 
terms of "many -to -one" rather that "one - 
to -one" functions. It remains to be seen, 
however, if either form of imperfection 
proves inherently "audibly more objection- 
able". 
J. C. G. Lesurf, 
Armstrong Audio Ltd, 
London N7. 

THE E.M. EQUATIONS - 
ALTERNATIVE 
REPRESENTATION 

Maxwell's equations relating the electro- 
magnetic field to charge and current den- 
sities are usually presented in vector form: 

V.D = p 

pXH=J+áD 

V.B = 0 

pXE=-f. 

Tensor formulation of Maxwell's equations 
is even more concise and expresses better the 
interdependence of electric and magnetic 
fields. 

An alternative method of representing 
equations (i) and (ii) is shown in Fig. 1. 

Starting from six components of D and H 
(circled symbols) we operate on them as 
indicated by the direction of arrows. We then 
obtain three components of the current 

density in the apices of the triangle and 
charge density at the middle. 

In the same way we can express the 
remaining two Maxwell's equations (iii) and 
(iv), as shown in Fig. 2. 

Using the same method we can represent 
the relations between electric and magnetic 
fields and the four -vector potential (V, A A 
A) viz. the equations: 

B=VXA 

E=-VV=a!`1 

(y) 

(vi) 

The alternative representation of the 
above equations is shown in Fig. 3. 

Here we start from the components of the 
four -vector potential (circled symbols in the 
middle and at the apices of the triangle), and 
operate on them as indicated. We obtain the 
six components of E and B. 

The advantage of the above representation 
of four differential equations, relating six 
vector components of the electromagnetic 
field and four components of the four- vector 
current or four -vector potential, is mainly 

Fig, 3 
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mnemonic, but it also helps to grasp the 
essential unity of electric and magnetic 
fields. 

T. A. Kasinski, 
Kingston -upon- Thames, 
Surrey 
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COMPUTING FOR LOCAL 
COMMUNITIES 

We want to discover if it's truly possible to 
introduce computing into one of London's 
most derelict areas as a community resource. 

We are the Vauxhall Media Project and our 
primary aim is to initiate a meeting place and 
facilities for film, video, photography, 
printing and computing. These are facilities 
which groups and individuals from the local 
community can use to fulfil their own 
projects and the needs of their community by 
pooling talent and resources. 

The story so far is that a group of people 
working in the computer industry and in the 
local community have been meeting regu- 
larly to analyse the type of system needed. 

John Pemberton of London University has 
been very helpful with advice and there is a 
probability that computer time may be found 
there to run a graphic computer terminal five 
nights a week. 

We want to see if computing can be 
brought into the community as a tool and as 
a medium for creative entertainment, and we 
would welcome information, advice, help, 
participation, equipment - anything. 
Peter Fotheringham, 
Vauxhall Media Project 
132 South Lambeth Road, 
London S W8. 

INCONSIDERATE TV 
CAMERA OPERATION 

One in seven persons in the United Kingdom 
suffers from migraine. In addition, a consi- 
derable number are subject to epilepsy. All 
such people in their capacity as television 
viewers are badly affected by flashing lights, 
repidly rotating symbols and most kinds of 
unsteady image thrown at them from the 
television screen. 

As these facts are well known, why do the 
BBC and the IBA continue to allow their 
producers and cameramen to indulge in 
flashing light techniques, to "hosepipe" their 
lenses, and - worst of all - to pump zoom 
lenses back and forth? 

Significantly, these are the first pitfalls that 
a beginner in movie photography is taught to 
avoid. This in itself should be enough to 
justify their discontinuance. But their dire 
effect on very many viewers of the small 
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screen is a further and even more important 
reason why they should be discarded forth- 
with. 
V. R. Hartopp, 
Northampton. 

Editor's note: The Medical Research Council, 
at its Applied Psychology Unit at Cambridge, 
is well aware of the risk of epileptic fits 
caused by watching television. They say that 
television pictures combine pattern and 
flicker "to provide one of the most epileptic 
environmental stimuli and many patients 
have seizures only, or chiefly, during tv 
viewing ". They have developed a simple 
optical technique to reduce this danger. It 
uses two polarized filters, one in front of the 
tv screen and the other, with opposite 
polarization, in one half of a pair of 
spectacles, to prevent binocular viewing. The 
television picture is invisible to one eye but 
the rest of the world remains unaffected. 

CONTROL OF SOLAR 
HEATING 

Householders who have invested £400 -£600 
in solar pre- heating of domestic water tend to 
lose much of the benefit due to heat losses 
from pipes and tanks, mismatch between 
panel area, tank capacity and cylinder. 
capacity, mixing of hot water with feed water 
and other system deficiencies. 

There would seem to be a world market for 
a neat instrument panel, suitable for location 
in a modern kitchen capable of: scanning, 
say, five temperatures (and recording one, if 
possible); indicating pump current; and 
monitoring pressure drop (to detect lime 
deposition etc. in water passages). If this 
panel formed part of a differential tempera- 
ture control for the pump (and diverter valve, 
if fitted), so much the better. 

In the present state of solar technology, 
householders are well advised to optimise 
their own plumbing, and housewives need 
guidance in timing their laundry, and the 
type of person currently investing in solar 
heating is likely to appreciate any assistance 
the instrumentation and electronics 
industries can offer. 
K. D. C. Passey, 
Derby. 

WARNING INDICATOR 

A small modification to the "Earth warning 
indicator" described by R. H. Troughton 
(Circuit Ideas, April issue) will enable it to 
give further warnings of potential danger, 
especially when the layperson is connecting 
electrical equipment to the 
mains supply. Connecting wires to the wrong 
pins so as to produce a hazardous condition 
would be indicated immediately if the 
accompanying circuit were fitted in electrical 
appliances - ahead of the fuse and on /off 
switch. 

As well as warning of an unearthed unit, it 
will repeatedly flash if the live and neutral 
wires are reverse connected (meaning 
usually that the equipment fuse is in the 
wrong line for full protection). It will flash if 

the earth wire is mistakenly connected to the 
live pin of a plug - provided the neutral wire 
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is connected to either the neutral pin or the 
earth pin (laypersons usually manage to 
connect each of the three wires to different 
pins - it's just that they aren't always the 
right ones). 

Should the earth and neutral wires be 
connected in reverse, it is not immediately 
dangerous (where neutrals are made earth 
potential) but would become potentially 
dangerous if the neutral wire then became 
open circuit. The instant this happened, the 
neon would begin flashing a warning of the 
danger - and the misconnections. 

Possible instructions to the purchaser 
could read: "After fitting the plug (follow the 
colour coding carefully), stand away from 
the appliance, plug into the wall -socket and 
switch on. Do not touch the appliance if the 
warning lamp is flashing - Simply switch off, 
pull the plug and recheck the connec- 
tions.... 
Ralph Lewis, 
Liverpool 7. 

ELIMINATING 
ADJACENT -CHANNEL 
INTERFERENCE 

Congratulations to Mr P. L. Taylor for his 
work on interference elimination (July issue, 
pp. 55 -57). I am delighted to see that research 
into this problem area is continuing. Some 
five years ago I did some work myself in an 
attempt to discover whether the symmetrical 
sideband structure of a.m. could be used 
firstly to identify and then to eliminate 
co- sideband interference. Particularly moti- 
vating of course was the realisation, shared 
no doubt by every radio engineer that ever 
was, that a solution would represent perhaps 
the most important development in radio 
spectrum utilisation since the thermionic 
valve. Unfortunately the work was purely 
theoretical but only because, unlike Mr 
Taylor, I never reached the stage where I felt 
I had a workable system. 

The way Mr Taylor obtains the 90° phase 
shift in the unwanted channel (in the first 
method), that of multiplying by twice the 
(translated) carrier frequency, is particularly 
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neat. I agree that this re- arranges the 
sidebands and carrier together in a 
quadrature shift strongly suggesting that a 
subtraction from the "wanted" signal 
channel in Fig. 4(c) is all that is required. Sad 
experience has taught me, however, to 
beware of the obvious in cases like this as 
things are seldom what they seem. 

If we examine Taylor's series S, (W -U) 
and the effect of multiplying a general case 
signal sin to by this in demodulator 3, we 
discover 
sin wxS,(W -U) 
= '[cos[w- 2(W -U)] - cos [u +2(W -U)] 
+ cos [m- 4(W -U)] - cos [w +4(W -U)] 

+ cos[m- 2n( W -U)] - cos[w +2n(W -U)] 
... (1) 

Putting =(W -U) for the unwanted 
carrier gives 
sin (W -U)xS, (W- U) ='/z cos(W -U), the 
result quoted by Mr Taylor. 

However, this is a special case. Whilst we 
are certainly interested in eliminating the 
carrier whistle (although there are several 
ways of doing this), what we are really after 
are the sidebands. 

Look at it this way: multiplying simply by 2 

(W -U) certainly gives a term in 3 (W -U) but 
this is not strictly a harmonic. It is a sum 
component equal to (W-U) + 2 (W -U). The 
series in my equation (1) contains sum and 
difference terms centred on every harmonic 
of 2 (W -U) up to the nth. Therefore any given 
non -zero sideband component of U will 
appear on each side of 4 (W -U), 6 (W -U) 
etc. and could, if (W -U) is low, be difficult to 
filter out. What is most difficult, however, is 
the difference frequency corresponding to 2 

(W -U) -cu. 
Without recourse to maths it can be seen 

intuitively that demodulator 3's output 
spectrum is inverted: the upper output 
sideband being caused by the lower input 
sideband. This means we are relying on the 
upper sideband of U, transposed by demod. 3, 
to cancel its lower sideband at the output of 
demod. 1. The reason for the symmetry 
mentioned by Mr Taylor is now clear, not 
only in the wanted signal but in the 
interfering signal as well. If the sidebands are 
out of balance in either phase or amplitude 
they can't cancel each other. 

My Fig. 1 shows the relationship between 
the unwanted spectra at the outputs , of 
demod. 1 and demod. 3. A lower sideband 
component (after reflection) at (i) in (a) is 
transposed to the position (ii) above 2 (W- U) 
in (b) where it can cancel the symmetrically 
corresponding component at (iii) in (a). In 
addition, however, from equation 1, a 
component due to this frequency appears 
below 2 (W -U) at (iv). This is a lonely 
component as it has no counterpart in (a) to 
cancel it, so it appears as an unwanted 
sideband in the output. All is not quite lost 

'yet, because, as drawn, the lowest frequency 
component is above the highest wanted 
sideband component and stands a chance of 
being filtered out. Where you're really stuck 
is where this lies within the audio bandwidth 
or baseband or W, and the limiting condition 
for this is 

(W- U) =2b/3 

where b is the half -bandwidth of each signal 
(assumed equal). 

If the interfering signal is any closer than 
this, it is not possible to remove it. As an 
example for medium wave reception where 
b= 4.5kHz the closest spacing (W -U) is 
3kHz, only 1.5kHz better than single -side- 
band reception. 

Having identified this as a filtering 
problem which is more acute than that of 
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removing 3 (W -U) and higher, it may be 
better to replace the complex function 
generator by 2 (W -U) obtained by simply 
doubling the p.1.1. oscillator output. 

I seriously wonder, though, given the 
relatively limited range of protection, the 
requirement (very difficult to satisfy!) of 
strict symmetry in the interfering signal and 
two phase -lock loops to worry about, 
whether a conventional "phasing method" 
s.s.b. demodulator might not be a better bet 
in a practical world. This gives first class 
elimination of interference anywhere in one 
sideband from any number of signals 
(including noise) and works excellently with 
practical (i.e. fading and asymmetric) signals, 
both wanted and unwanted. It is not, strictly 
speaking, single sideband reception ... but 
that's another story. 
A. J. Henk, 
Surbiton, 
Surrey. 

SUPERIOR SOUND OF 
MOVING -COIL PICKUPS 

While investigating the feasibility and costs 
of building a moving -coil head amplifier 
recently a thought occurred to me which 
may help explain the current supposed 
superiority of moving -coil cartridge /head 
amplifier combinations. 

It is well known that the various types of 
pre -amplifier equalisation stages, i.e. series 
feedback, shunt feedback, passive equalisa- 
tion and buffered input, have different 
"sounds" (as well as different signal -to -noise 
ratios), even though they may have identical 
sinewave responses. 

A possible reason for the different sounds 
may lie in the fact that whereas such input 
stages are usually tested with a constant 
impedance source (oscillator), they are used 
with a variable impedance source (car- 
tridge). 

Since the inclusion of a head amplifier 
changes the mode of input of the pre- ampli- 
fier from a variable to a constant impedance 
source, might it not be this that provides the 
"superior" sound from moving -coil 
cartridges rather than any significant 
difference in the cartridges themselves? 

Also, as amplifiers are now tested into 
"realistic" output loads (852 /11iF), might not 
a case be made for testing the phono inputs 
with a "realistic" source impedance, say 
500mH in series with 60052? 
R. B. L. Hood, 
Bovingdon, 
Herts. 

RADIO AND AIR SAFETY 

May I comment on the letters from Messrs 
Keall and Wiltshire in the August issue 
concerning the audio quality of aircraft 
communications? Everything, of course, is 
relative and I recall my days with early 
Service equipment when the quality was so 
appalling that the use of a phonetic alphabet 
was essential and every digit had to be 
repeated as a sequence (e.g. three -four -FIFE). 
Then came the transformation of v.h.f. (to 
the eternal credit of RAE Farnborough), the 
enhanced clarity of communication having 
such a marked effect on our air operations, 
not the least because it allowed our develop- 

ment of r.d.f. to be exploited to the full. Since 
then, however, we seem to have made little 
advance in the transmission of intelligence 
by speech and little technical progress save in 
physical size of equipment and in a reduction 
in aircraft background noise levels by virtue 
of substituting gas turbines for piston 
engines. Even so, the quality of speech 
reproduced does not compare with that 
enjoyed by the mariner using f.m. and Mr 
Keall's argument that "the capture effect of 
f.m. would be undesirable since it can be 
important for a weak and distant transmit- 
ter to be able to break into a crowded 
channel" applies equally to the marine case 
as to the aircraft. 

I have no wish to foster the argument 
between the relative merits of a.m. and f.m. 
since Mr Keall hits the proverbial nail on the 
head by his advocacy of L -band data links as 
offering the best prospect for improvement 
and one might, with advantage, direct some 
of Mr Wiltshire's condemnation of British 
bureaucracy towards slowness of develop- 
ment in this area rather than in that of speech 
communication - though tempering it by 
adding that American diplomacy based on 
American vested interests has been the 
greater offender. 

You were right to draw attention to this 
subject in your June 1977 leader and I 

suggest the answer lies in realising the 
limitations of speech as a medium for 
operational commands and information as 
opposed to speech for social and artistic 
purposes; aircraft communications should be 
confined to operational necessities transmit- 
ted as data to eliminate the need for speech, 
or, at least, to reduce the required number of 
channels from the present ridiculous figure 
of 720 and make the national development of 
suitable equipment less costly than it now is. 

Finally, let us not delude ourselves over the 
international use of "our" language for 
aircraft communications. It so happens that 
a version of English is in transatlantic use, 
otherwise our pilots could well have been 
obliged to learn, for example, Spanish or 
Dutch, had the course of history been 
different. 
R. T. Townson R.A.F. (ret'd) 
Reading, 
Berkshire. 

Editor's note: Early experimental work in the 
USA on data links suggests that pilots will 
not find visual data acceptable as an 
alternative to voice communication but only 
for back -up or confirmatory purposes. 

INTRUDER ALARM: 
RISK OF DAMAGE 

As I have some experience of the Mullard 
CL8960 module, used in the microwave 
intruder alarm (July and August issues), I 
suggest that any reader handling the module 
should take particular care with the BAV46 
mixer diode. As the author mentioned in the 
July issue, the mixer could be damaged by 
mains transients. The mixer diode is 
sensitive to static discharges and precau- 
tions should be taken similar to those for 
c.m.o.s. integrated circuits. Nylon clothing 
should not be worn, nor polystyrene packing 
material placed in the vicinity of the module. 
An earthing strap connected to the person 
would be advisable. 
John M. Cotterill, 
Didsbury, 
Manchester. 

63 

(11F predictions 
Circuit reliability is the product of the 
probability of ionospheric reflection and the 
probability of achieving a desired signal to 
noise ratio and is thus at a maximum 
somewhere between FOT and LUF. The term 
FOT, which is the French equivalent of OWF 
(optimum working frequency), is thus a 
misnomer since it relates only to skywave 
probability. However since LUF is dependent 
on many tactors which cannot be generalised 
it is found satisfactory in practice to take 
FOT as being what it says it is. 
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tCÌIYU1f 
Ideas 

Increased output voltage 
for op -amps 
The circuit shown uses a 741 i.c. and will 
produce a typical peak to peak output 
voltage swing of 37V using a ±25V 
supply. Power is supplied to the i.c. by 
Trt and Tr2 whose bases are kept 30V 
apart by the divider chain. As the output 
voltage varies, the current in one half of 
the divider chain increases and the 
current in the other half decreases by 
the same amount. This causes the 
potential between the bases of Trt and 
Tr2 to remain constant and allows the 
power supply for the i.c. to vary 
between the limits of ±Vcc in sym- 
pathy with the output signal. For the 
non -inverting amplifier shown 

R, _(+ V)-V,-V, 
R2 Vt-Vout 

Vin 

O 
R{ 

oV 

Wireless World, October 1977 

and R4 (- Vcc) -V2 -Vous 

R3 V2 = Vous 

and gain = vout Rf + R; 

Vin R, 

R1 
10k 

V1 ( +15V when Vout =0V) 

R2 
15k 

O +25V 

R3 
15k 

V2 ( -15V when Vout= OV) 

R4 
10k 

The gain must not exceed a value 
dependent upon the output voltage 
swing otherwise the input voltage will 
exceed the power supply voltage of the 
i.c. Therefore, 

Gain 
Vout pk 

R4 (Vout pk-(-Vcc)) 
ia+(-Vcc) R3 + R4 

for positive half cycles, and 

Gain 
Vout pk 

(13, 

Vout 

oV 0 25 

Rl (Voutpk-(+17,0) 
R1+R2 -a+(+Vcc) 

for negative half cycles, where -a is 
absolute maximum input voltage - 
input voltage range (3V typical) and 
you, pk is peak output voltage. 

Further restrictions are imposed if the 
amplifier is connected in the inverting 
mode because the i.c. inputs are always 
at OV and therefore the power supply 
voltage can only swing by ± 12V. 
Colin D. Ride, 
Mickleover, 
Derby. 

Pulse train generator 
The circuit shown will generate a pulse 
train in which the pulse duration, pulse 
interval, and number of pulses can be 
varied independently by setting the 
time -constants R,C,, R2C2 and R3C3, 
respectively. When a negative -going 
trigger pulse is applied, timers 1 and 3 

are activated. With A high, T2 is 
triggered at the end of T, timing 
interval, and T, is triggered at the end of 
T2 timing interval. A train of pulses is 
generated at the output. When A goes 
low at the end of T3 timing interval, T2 

can no longer be triggered by Ti. The 
pulse train ends when T, completes its 
last timing cycle. 
Dr N. H. Sabah, 
American University of Beirut, 
U.S.A. 

2k2 

10n 

2k2 

555 
Timer 2 

2k2'> 2k2 

1N914 

10n 

1N 914 

555 
Timer 1 

555 
Timer 3 

2k2 2k2 

1N914 

10n 

Trigger 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, October 1977 65 

Precision peak and 
trough detector Trough 

(Positive offset) 

0 O 

A.G. 
mains 

560k 1/2W 

D4 
1N914 

1N D2 
400V 1N4004 

2W15 
BZX61C15 

Miniature switch mode 
power supply 
This unit was designed to fit into the 
battery compartment of a small tran- 
sistor radio or calculator. In operation 
CI, DI and D2 produce 15V d.c. across 
the smoothing capacitor C2. This forms 
the supply for a one transistor inverting 
circuit and D3 returns the magnetising 
current to the supply during the nega- 
tive half of a cycle. The output is 
isolated from the mains input and, 
provided that the transistor and D1 have 
sufficient heat sinking, will stand an 
indefinite short or open circuit. An 
inverter frequency of 13kHz permits the 
use of a small transformer such as the 
Phillips P14/8 337 pot core. Wire size 
should be 37 gauge and the primary 
windings are bifilar. The unit requires 
an earthed shield to reduce radiated 
switching noise. 
M. Faulkner, 
Queanbeyan, N.S.W., 
Australia. 

6V 
5omA 

This circuit uses only two op -amps to 
detect the peak and trough voltages of a 
non symmetrical waveform. The peak 
detector is fairly conventional, but the 
trough detector uses a similar circuit 
with the diodes reversed. During the 
trough period, D2 conducts discharging 
C2 quickly to the lowest trough voltage. 
However, C2 will only charge slightly 
via D4, R2 during the positive peak thus 
retaining the trough voltage. The 1St 

resistors are necessary to prevent 
overshoot. 
C. Spain, 
Walton -on- Thames, 
Surrey. 

o-I I 

(a) 

Low noise RIAA 
amplifier 
The circuit shown in Fig (a) offers a 
12dB improvement in signal to noise 
ratio compared with the more traditio- 
nal circuit in (b). 

C2 

Output 

c , 

o 20V-24V 

O 0V 
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Linear resistance 
bridge 
In general, resistance bridge networks 
are only approximately linear. This 
circuit uses an operational amplifier in a 
positive feedback mode to provide a 
linear resistance -input /voltage- output 
characteristic. Two per cent metal film 
resistors throughout the circuit reduce 
temperature effects to very small 
proportions, but to reduce it even 
further a thermistor network is added to 
the circuit. Output voltage Vt has any 
bias present removed by adjustment of 
the zero potentiometer. 

Although the circuit has very good 
linearity characteristics, resistance 
probes are not linear with temperature. 
However, the output of the circuit could 
be scaled to some convenient value say 
1V per 100 deg C to give a reading 
directly related to temperature. 
G. J. Phelps, 
Swindon, 
Wilts. 

+15V 

C6 

1R13 
3k 

oV 

-15V 

R20 

500k TEMP 
COMP 

R19 
TB12 

R15 

RATIO 
ADJUST 

R16 

6k8 10k 

R22 
10k 

OUTPUT 
ZERO 

R12 
39k 

ICI 

R14 MW}^ 
2k 

r----- 
I Measured 
ÌresistanceS 

IC 2 

x--41 -4 pin 
connector 

R21 

22k 

R17 
1k2 

R18 
200 

R24 
3k 

R23 

47k 

IC 3 

A 

VT 
(output) 

Voltage controlled 
oscillator 
This exponential law voltage -controlled 
oscillator, which produces a linear ramp 
output waveform, is based on a circuit 
idea by J. L. Bride, Wireless World June, 
1976. This design is perhaps more 
suitable for use in sound synthesizers 
because it has high frequency stability 
and a provision for synchronization to 
another oscillator. 

The 555 timer is used in the astable 
mode, with Tria supplying a constant 

Control 
R1 input 
1k2 

WD1 
5.6V 
BZY 
88 

Ci 
47µ. 

6V 

R5 R10 R12 
15k 20k 10k 

current to C2. If the temperature rises, 
the Vbe of Tria and Trib falls at a rate of 
about 2mV per deg C. The fall in Vbe of 
Tria is fed back via IC3 to ICI and causes 
the applied Vbe of Tria to fall which 
kèeps le constant. Preset R12 adjusts the 
amount of feedback, and hence the 
temperature stability. The circuit 
exhibits a maximum instability of 
±0.1% to ±0.2% over a 24 hour period. 
Both R12 and R13 should be multi -turn 
components. 

A synchronizing square wave signal 
may be fed in at R19 with an amplitude of 

5 to 10V pk. This signal is differentiated 
and the resulting spikes control the 
threshold voltage of the 555. Resistor R4 
sets the minimum frequency, R22 sets 
the average output level to zero volts, 
and R2, R3 provide coarse and fine' 
frequency controls respectively. 

Equivalents for the MD500 are a BFX11 
or BFX36. If either of these are used, R25 

should be reduced to compensate for 
the lower V. 
T. W. Stride, 
St. Albans, 
Herts. 

STABILIZATION 
ADJUST 

R28 
---1AAr--4111 

470k 

M05000 
R2 

10k 

15k 10k 
R15 R16 

1k5 12k 
20V 

V/F 
LAW 

-- 
C2 

22n 

R2r 
10k 

R25 
1k5 10k 

IC3 

+15V 

C7 
47h 

*With value shown 
frequency= 0.2Hz to 20kHz 

With value of 330n 
frequency= 0.02Hz to 1kHz 
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Closed Circuit Television. 

Putting the emphasis on circuit, 
rather than on closed. 

The essence of closed circuit television is 
round -the -clock reliability. EEV vidicons provide it. 

EEV has been in the forefront of photo- 
conductive pick -up tube manufacture for many 
years and our latest vidicons are the result of 
applied long experience. Not to mention the 
skilled knowledge you expect from EEV. 

Wherever you use CCTV; industry, 
commerce, security, medicine, education, etc., 
EEV vidicons give you absolute confidence in 
your system. 

Mono or colour; electrostatically or 
magnetically focused; separate or integral mesh 
and with a range of photo surfaces, EEV has the 
vidicon that is right for almost every camera. 

And right for every situation. Rugged 
specials are constructed to withstand hard use, 
shock and vibration. 

Contact us at Chelmsford for more 
information about vidicons. 85067 

EEV/WFOV 
Members of GEC- turnover £2054 million 

ENGLISH ELECTRIC VALVE CO LTD, CHELMSFORD, ESSEX, ENGLAND CM1 2QU. TEL (0245) 61777 TELEX 99103. GRAMS ENELECTICO CHELMSFORD 

WW -007 FOR FURTHER DETAILS 
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A range of communications 
amplifiers having power 

ratings from 15 to 200 watts, 
plug -in input facilities ensure 

individual requirements can 
be provided. 

range 
a plifiers 

Manufacturers of Station Road, Wenden 
sound systems Saffron Walden 

(a 1_1 
and electronics Essex CB11 4LG 

Saffron Walden 
(0799) 40888 

New from Chase Electrics... 
HF Measuring Set 
Type 2000,150 kHz -30 MHz 

This UK made receiver has been designed to make Radio 

Frequency Interference measurements to check radio 

interference limits, as required by the Revised British 

Standard 800. 

The HFR 2000 is the first instrument in a low cost Radio 

Frequency Interference measuring system which will cover 

the frequency range 10 kHz - 4 GHz, 

The instrument features: 

Digital display of the input levels to the receiver and 

digital display of tuned frequency, both with outputs 
for processing. 
Detector: Peak /Quasi peak ICISPR 1) 

Excellent gain flatness 

Simple calibration 
Ease of operation 
Fully compatible with the Schwarzbeck range of 

equipment. 

i 
WW - 106 FUR FURTHER DETAILS 
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Low distortion oscillator 
2 - Constructional design 

by J. L. Linsley Hood 

The basic oscillator design was describ- 
ed in the first part of the article, with the 
modifications to the normal Wien 
bridge circuit. Because this design is 
very suitable for the construction of a 
battery operated instrument, construc- 
tional details of a portable unit are 
given. A few modifications have been 
made to the basic circuit, for reasons of 
practical convenience, and these are 
noted where appropriate. 

Output attenuator 
It was mentioned previously that the 
desired output impedance for an 
instrument of this type was 600Sí, and 
this is provided on all ranges, except the 
0 to IV, by a resistive transmission line 
attenuator. However, the impedance 
from the 0 to IV output will vary from 
zero, at the minimum output setting of 
the potentiometer, to 80052. If a twin 
gang potentiometer is used, with the 
second gang connected as a variable 
resistance, shunted by a fixed resistor in 
the line to the IV output point, a 
reduced range of output impedance 
values can be arranged. For example, 
with a 2.2kS2 second gang, shunted by a 
68052 fixed resistor, the output imped- 
ance would range from 51952 at zero 
output, to about 125052 at the maximum 
impedance point, and down to 68052 at 
the maximum setting. This arrange- 
ment is shown in the circuit diagram. 

Squarer circuit 
It is very convenient in audio work if a 
good square -wave output is also 
available from the oscillator. This 
waveform can be derived from a 
sinewave by using successive stages of 
amplification in a c.m.o.s. 74C04 hex 
inverter or similar i.c. 

To obtain automatic balancing of the 
mark -to -space ratio, the first stage is 
made self- biasing as a d.c. unity -gain 
amplifier, by a 1M52 resistor connected 
between the input and output. Because 
the a.c. gain of each inverter stage is at 
least 100, the overall gain of the four 
stages in series is about 108. The two 
output gates are connected in parallel to 
obtain a lower output impedance. The 
output stages are driven from one state 

to the other by very small excursions 
from the mid -point value of the 3V 
pk -to -pk input signal. A typical rise and 
fall time from such a configuration is 
200ns, which is adequate for audio 
work. If very fast transition times are 
required for logic applications, the 
output signal can be used via a suitable 
interface device to drive a conventional 
t.t.l. element. Care is needed in the 
layout and termination of high speed 
circuitry if the potential rise and fall 
times are not to be degraded. 

H.f. loop correction 
Any amplifier system having several 
stages within the feedback loop is prone 
to unwanted parasitic oscillations 
unless gain /phase correction is opera- 
tive in those regions where the phase 
shift approaches 180 °. In direct coupled 
systems the I.f. phase shifts can be 
ignored, but the h.f. phase shifts may be 
troublesome, and can cause the problem 
of "squegging ". In this circuit a small 
capacitor of between 33 to 100pF is 

connected across the source and drain 
of the bootstrap f.e.t. Because the 
capacitor required will depend on the 
stray capacitance, it is difficult to 
predict the value necessary. To preserve 
the circuit gain, and lowest t.h.d. for the 
highest practical frequency, this capa- 
citor should be the smallest valueyvhich 
avoids "squegging "; therefore, some 
experimentation is worthwhile. 

In the original circuit the gate of the 
bootstrap f.e.t. was connected to the 
emitter of the input transistor. This 
configuration gives the highest loop 
gain and the lowest distortion in the 
100Hz to 2kHz region. However, the 
value of capacitor between the source 
and drain of the f.e.t., which is necessary 
to give the required h.f. loop compensa- 
tion, is greater in this case than if the 
gate of the f.e.t. and the base of Tri are 
connected in parallel as shown in the 
circuit. The author's prototype used the 
last mentioned configuration to pro- 
duce a less rapid increase in t.h.d. 
towards the high- frequency end of the 
operating range. 

Fig. 1. Author's prototype oscillator. The 
complete instrument is powered by two 
9V batteries which fit inside the case. 
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Amplitude stabilization 
The problem of amplitude stabilization 
with low- distortion oscillators generally 
arises because any low distortion 
system approximates to a high Q tuned 
circuit. As a result the oscillator can 
only respond slowly to a step- function 
change in amplitude. A voltage sensi- 
tive device such as a thermistor, which 
provides á convenient ' method of 
amplitude stabilization when used in a 
feedback network, must also have a 
long time -constant. Therefore, negative 
feedback applied to a low distortion 
oscillator through a long time -constant 
voltage dependent device, results in a 
second order feedback system, whose 
response when switched on is a 
characteristic overswing, followed by a 
damped train of excursions about the 
final value. 

It is undesirable to resolve this 
dilemma by increasing the t.h.d. of the - 
oscillator, so various artifices are used 
in practical designs to overconie the 
difficulty. In this circuit the cold 
resistance of the thermistor is reduced 
to a value approaching its normal 
operating condition by passing the 10µA 
emitter current of Tr, through the 
device which pre -heats it. In addition, a 
small fixed resistor is connected in 
series with the thermistor to limit the 
lower, hot, circuit resistance value. 

Construction 
For reasons of practical simplicity the 
oscillator was built in a standard 
die -cast aluminium alloy box measuring 
22 x 14.5 x 6cm-. The unit is powered 
by two PP7 9V batteries which fit 

O 9V 

Note 

5940f1 6k8 8 47k in parallel 
7330 ^-' 6k8 8 820 
660fí = 22k 8 680 

Square 41\b Off 

Fig. 2. Full circuit as used in the author's 
final prototype. 

conveniently in the box. Frequency 
control is by a twin -gang 10k12 
potentiometer. If a logarithmic law is 
used and connected so that the 
minimum resistance value occurs when 
the control is turned anti -clockwise, the 
final frequency scale will be more linear 
than if a linear potentiometer is used. 
Also, if the limit resistors R2 and R3 in 
Fig. 4 of the first article are reduced to 
8200, the 1 to 10 range required from 
this control can be accommodated in a 
180° swing which avoids any overlap of 
the scales. 

The frequency range capacitors can 
be mounted between the tags of the 
three -pole four -way wafer switch to 
minimise stray capacitance. Although 
the suggested values for the capacitors 
are in the 1.47 series, made up by 
paralleling 111F and 0.47µF etc, an 
adequate alternative is the 1.51,LF 

component range. 
Two output sockets wired in parallel 

are used to allow the connection of an 
oscilloscope. In the case of stereophonic 
equipment, the two signals can be 
applied to both channels simultaneous- 
ly. Note that this is only suitable when 
the two inputs have a high impedance, 
and do not have any significant voltage 
or current feedback. 

As current consumption of the circuit 
is approximately 10mA on sinewave, 
and about 15mA on square wave, 
battery life should be adequate for 
normal use. 

O S1b 

Sine 

0 +9V 

Calibration 
In the absence of a frequency counter, 
the oscillator may be calibrated on the 
100Hz to 1kHz range by Lissajous 
figures on an oscilloscope, with an input 
to one axis derived from the 50Hz mains 
supply. If the components are of 
reasonable quality, the other ranges 
should have a similar scale pattern. 
Alternatively, the mean resistance 
value of the two halves of the 
potentiometer can be measured and the 
frequency of the oscillator calculated, 
assuming accurate values for the 
capacitor and for R2 and R3, using the 
formula F = 1 /2rrRC. The overall 
frequency stability of the instrument is 
very good, which makes it suitable for 
low distortion measurements using a 
sharply tuned notch circuit. 

Printed circuit board 
A p.c.b. which accommodates the Wien 
bridge oscillator, frequency range 
capacitors, square wave generator and 
output attenuator will be available for 
£3.00 inclusive from M. R. Sagin at 23 
Keyes Road, London, NW2. The board 
follows the author's complete circuit as 
shown. 

Correction 
In the article `Amateur radio equipment - 1' on p.64 of the August issue, the 
stability figure for the Eddystone 1001 
receiver was shown as "one part in 10 
per dec. C ". This should have read "one 
part in 10" per deg. C." 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, October 1977 71 

New of 
the Month 

Europe closer to own 
space communications 

By 1980 the European Space Agency 
hopes that its European Communica- 
tion Satellites (ECS) programme will 
offer a system which can route most of 
the expanding telephone, telegraph and 
telex traffic within Europe via satellites, 
as well as relaying Eurovision tv 
programmes. In the ten years after 1980 
traffic forecasts show that the number 
of telephone circuits needed will 
increase from 5,000 to 20,000. A 1970 
report estimated that between one and 
two thirds of all long distance telephone 
links of over 1,200 km could be handled 
by satellite after 1980. In addition the 
European Broadcasting Union want a 
permanent allocation for two wideband 
repeaters able to transmit high quality 
television. At least one large earth 
station will handle telephone and tv 
traffic in each of the countries needing 
the services, though some earth stations 
in, for example, the Middle East and 
North Africa, will only handle televi- 
sion. 

After years of preparation the 
experimental forerunner of this service, 
the Orbital Test Satellite (OTS) is due 
for launching from Cape Canaveral on 
September 8. OTS will be placed in 
stationery orbit at longitude 10 °E and 
will carry out a number of tests to 
confirm the soundness of the satellite's 
design. OTS is an assembly of modules: 
an aerial assembly, payload module, 
service module and solar array. ESA 
want the number of possible applica- 
tions of the satellite to be as large as 
possible with minimum alteration to the 
design for different missions. 

ESA hope that the maritime commu- 
nications satellite, due to follow OTS 
into orbit later this year, will provide 
early proof of the flexibility of the 
satellite's design. ESA also have their 
eye on direct radio and tv broadcasting, 
offshore communications, data trans- 
mission, teleconferencing, and educa- 
tional television distributed between 
small ground terminals instead of being 

broadcast. 
OTS will test propagation, frequency 

re -use by signal polarisation, transmis- 
sion impairments, and time division 
multiple access. Its six transmit and 
receive antennae will have three 
coverage zones: a moveable spotbeam 
focussed on, say, central Europe, and 
two wider coverage beams called 
Eurobeams A and B. The signals will be 
processed through two communica- 
tions modules, for which the prime 
contractors are AEG -Telefunken. 
Module A has four transmission- recep- 
tion channels, two each of 40MHz and 
120MHz, and Module B has a single 
5mHz channel. Each of the two 
channels of the same frequency are 
polarised mutually perpendicularly. The 
transmission frequency is 11 GHz, and 
the receive frequency is 14GHz. ESA 
say it is the first communications 
satellite to operate in these frequency 
regions, most others operating around 4 
to 6 GHz. 

The European Communications Sa- 
tellite programme began ten years ago. 
In the early stages a number of projects 
were considered, including a television 
broadcasting satellite for the EBU, but 
in November 1969 it was decided to 
study a common radio and tv distribu- 
tion mission. The Conférence Europée- 
ne des Postes et Télécommunications 
(CEPT) and the EBU prepared a report 
showing the future growth of telecom- 
munications from 1975 to 1980 and the 
satellite capacities they would need. 
Meanwhile on June 6, 1967 France and 
Germany had agreed to go ahead with 
an initial experimental satellite, Sym- 
phonie, and Italy had a programme of 
their own for a Sirio satellite, also begun 
in 1967. It was only later, in December 
1971, that the European nations 
entrusted the European Space Research 
Organisation, later ESA, with a 
programme of satellites to meet the 
needs of the CEPT and EBU. Symphonie 
and Sirio were to continue but they then 
suffered delays, in Symphonie's case 
because the Europa 2 European rocket 
which was to have launched it was . 

abandoned because of an explosion 
shortly after a test launch. The Franco 
German CIFAS consortium then had to 
rely on the Thor Delta 2914 launch 
vehicle. As a result of the various delays 
Symphonie, Sirio and OTS are all to 
operate at much the same time - Sirio's 
launch was recently rescheduled for 
August 11 because of the same problems 
that have hit the rest of ESA's 
programme. 

The prime OTS contractors are 
Hawker Siddeley Dynamics, part of 
British Aerospace. Hawker are co -ordi- 
nating the engineering of the vehicle by 
other members of the MESH consor- 
tium which comprises Matra of France, 
Erno of Germany, Saab of Sweden, 
Selenia of Italy and Hawkers. The 
original launch date had been June 16 

but delays were caused first by the 
failure of Geos (see WW August, p.33) 
and an accident causing damage to the 

OTS launcher in the early hours of May 
18, when one of the nine solid fuel 
booster rockets fell to theground after a 
bolt sheared. As it fell it damaged the 
first stage, which then needed replace- 
ment. According to one source there 
have also been difficulties within 
McDonnell Douglas, who supply the 
Thor Delta 3914 launch vehicle. ESA's 
Meteosat project, originally scheduled 
for September 15, is now retimed for 
launch on November 3. 

Teletext now a 
permanent service 

The Home Office has told the set 
makers' association, BREMA, that the 
official attitude of the government on 
broadcast teletext services (Ceefax and 
Oracle) is that they "are here to stay ". 
This acknowledges a situation which 
has existed effectively for some time. 
Experimental transmissions were 
authorised for a two -year period start- 
ing in September 1974, and these 
merged into a form of service which, in 
November 1976, was authorized to 
continue up to 31 July 1979, when the 
BBC's charter and the IBA's licence 
expire. 

Teletext prototype receivers were 
shown by major UK television receiver 
manufacturers at the HEDA exhibition 
at the National Exhibition Centre, 
Birmingham, in May 1976 (WW August 
1976, p. 30). This year teletext will be 
featured and the Berlin radio and tv 
exhibition by British and other manu- 
facturers to satisfy the considerable 
interest that exists in Germany. There 
has been international interest in 
teletext, and several countries, parti- 
cularly those in the European Broad- 
casting Union, are making their own 
assessments. But so far there is no 
other regular service of teletext trans- 
missions comparable with those in the 
UK. (See WW July 1977, p.49) 

BREMA say that they expect sub- 
stantial quantities of teletext receivers 
will be in the hands of the public by 
Spring of 1978. 

The IBA on Annan 

In comments to the Home Secretary 
recently, the IBA paid tribute to the 
work of the Annan Committee and to 
the quality of its report on the future of 
broadcasting. Although they agreed 
with most of the report they made 
recommendations for the areas in 
which they differed. These differences, 
in most instances, concerned the means 
rather than the ends. In addition, the 
Authority stated that there were 
passages in the report where they 
found inconsistencies, "where the 
conclusions or recommendations 
appear not to follow from the argu- 
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ment, or where evidence appears to be 
no more than hearsay." 

While acknowledging much of the 
report's comments regarding relations 
between broadcasters and the public, 
the Authority doubted the value of the 
institutional proposals which it makes. 
Neither did it share the committee's 
belief that increased choice and 
diversity can be achieved by increasing 
the number of regulating bodies, or 
that broadcasting should be categor- 
ised into three sections, namely: 
national, regional and local, with the 
IBA being re -named the Regional 

Authority. uthority. The IBA believe 
that this will not make for greater 
diversity of programming, and if new 
bodies are set up on a weak financial 
basis, the result will be to defer the 
achievement of the committee's aims. 

On the subject of independent local 
radio (ILR) and the fourth tv channel, 
the IBA wished to see immediate 
developments and believed that these 
advances would go ahead more quickly 
under their authority than under any 
new authorities. In short, the IBA 
believed that it could realise these aims 
because of its experience and expertise 
to deal with the complexities of 
developing local radio. 

Local radio programming, the IBA 
agreed, should seek to serve local 
needs, with different stations having 
different characteristics. However, they 
wished to see a small amount of 
networked material, for example 
national and international news, and 
they thought it important that local 
radio should finance a national news 
service. 

While agreeing that educational 
broadcasting has a place in local radio, 
the Authority had reservations about 
party political broadcasts because of 
the problems of allocating suitable 
quotas of air time to each area without 
quotas towards strongTocal parties. 

Although most of Annan's recom- 
mendations regarding finance were 
endorsed by the IBA, the Authority 
believed that it would be imprudent to 
rely on non -commercial sources to 
make any sizeable contribution to the 
funding of new stations, but that by 
cross -subsidization and the setting up 
of associate stations, it would be 
possible to extend local radio to areas 
that could not otherwise be served. 

The Authority also believed that, 
although frequencies can be found to 
bring ILR to over 90% of the UK 
population, the extent of the coverage 
would depend on other uses being 
made of available frequencies. The)] 
were not convinced, however, that 
there was room, as the BBC had stated, 
for 85 BBC stations and 60 or more ILR 
companies,(WW June 1977, p. 39), with 
the IBA and the BBC each operating up 
to 55 of these on v.h.f. and m.f. 

Provided frequencies are allocated 
such that they do not affect future local 
radio, the Authority agreed that traffic 

American military technician inserts a 
memory disc into the Hughes fault -finding 
aid prior to repairing electronic equipment in 
the field. 

information could be appropriately 
carried on local radio. 

Interactive servicing 

Traditionally maintenance technicians 
use printed manuals which describe 
equipment and give procedures for 
fault finding. For large systems these 
manuals can form a stack several feet 
high which is difficult and unwieldy to 
handle. This problem is avoided by a 
microprocessor -based fault- finding aid 
developed by Hughes Aircraft Com- 
pany which stores the detailed infor- 
mation of the technical manual and 
allows rapid access to it. 

Servicing becomes an interactive 
process comparable with the use of 
teaching machines. The aid has a 
keyboard and display unit, and a 
microprocessor with a floppy disc 
memory unit. A few such floppy discs 
can store all of the fault -finding data 
contained in a large stack of manuals. 
To deal with a fault the technician 
enters a brief description of the 
symptom, then the aid displays one or 
more queries, the technician responds, 
and the aid searches its stored infor- 
mation and displays a list of possible 
causes and the required corrective 
action. The system can identify the 
failure from answers the technician 
provides and tell which component 
needs to be replaced, then pictorially 
show where it is located, and tell him 
how to change it. It will also state what 
tools and test equipment are needed 
and how to use them. 

The aid uses a machine language that 
allows large data base management 
using microprocessor architecture, 
while permitting simple English lan- 
guage access to the 'system. Hughes 
says the most significant savings from 
its use will be in the area of technician 

staffing and training. According to 
them it allows the use of general 
technicians on even the most advanced 
equipment. 

Doubts about air -to- 
ground data links 

The International Civil Aviation Orga- 
nization has reported that the intro- 
duction of automatic data interchange 
systems to v.h.f. air -to- ground commu- 
nications "has been sensitive to 
economic pressures" and ICAO say that 
its work on the development of suitable 
procedures "has been adjusted accor- 
dingly." If a report from the US Federal 
Aviation Authority is anything to go by 
these data link systems, which are 
intended for communication between 
pilots and controllers, are likely to be 
sensitive also to the pressure of opinion 
from aircrew. 

The report, "Human factors experi- 
ments for data link," describes an 
assessment of input /output devices for 
possible use and the reaction of airline 
pilots to them. The tests were done in 
DC -9 and B -727 flight simulators, and 
pilots were principally from TWA and 
United Airlines. One type of device 
tested was a short -message air traffic 
control (s.m.a.t.c.) display mounted on 
the captain's and first officer's instru- 
ment panels. This was found to be easy 
to read and well positioned, and, with 
the exception of a small number of 
commands, the abbreviations used were 
not considered confusing. In most 
phases of flight the display was not, 
considered distracting - although most 
pilots felt that during an instrument 
approach some distraction was possible. 
But the s.m.a.t.c. display was not 
considered effective for emergency or 
time -critical messages, for, even with an 
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audio alert, it did not hold the crew's 
attention well enough under high 
workload conditions. The display was 
very popular when used as a recall 
instrument for information already 
assigned to the aircraft, such as altitude 
and airspeed. 

Use of a printer appeared to be 
desirable for longer messages such as 

., a.t.c. clearances, Aerodrome Terminal 
Information Service information and 
some company traffic. Paper manage- 
ment problems arising from the printing 
and line feeding of every message were 
severe and it would have been highly 
desirable for crews to be able to obtain . 

copies of only the specific messages 
they needed. 

In comparing the relative desirability 
of air traffic control by conventional 
voice, s.m.a.t.c. display, or a voice 
synthesizer -for various phases of flight, 
the s.m.a.t.c. was slightly preferred in 
airport traffic areas, with the s.m.a.t.c. 
and conventional voice being ranked 
approximately equal in arrival and 
departure phases. 

Comments of pilots taking part in the 
tests indicated that there was an 
operational requirement for the conti- 
nuance of conventional voice commu- 
nication to supplement the data link 
communication. Voice was required for 
pilot /controller discussions, and advice 
on en -route weather, etc. The report 
suggested that certain abbreviated 
voice procedures should supplement 
the data link to overcome the feeling of 
isolation expressed by some pilots 
during pure data link communication 
and to provide some indication of traffic 
flow and other events in the surround- 
ing area. 

Medium -wave 
transmitters to be 
unattended 

Not many people realize that the BBC's 
m.f. broadcast programmes come to 
them from transmitters which are 
about 40 years old. It is a great tribute 
to the Marconi company, who built and 
installed the transmitters in the 1930s, 
that they are still going strong. Their 
main disadvantage, in the light of 
modern broadcasting methods and 
economics, is that they need the 
continuous attention of operating staff. 
Now they are to be replaced by new 
transmitters which are fully automatic 
and designed for unattended operation. 
These transmitters will be built from 
standard 50kW units made by Marconi 
Communication Systems, used singly 
to provide 50kW, in pairs to provide 
100kW or in groups of three to provide 
150kW. 

Twenty -four of the 50kW transmit- 
ters are being supplied under a contract 
worth nearly £2 million. Twelve of 
them will be delivered in time for the 

BBC to make the changes of frequency 
agreed by the Geneva conference on 
I.f. /m.f. broadcasting frequency alloca- 
tions (WW January 1976, p. 42) which 
comes into effect on November 23rd 
next year. All the equipment is due to 
be delivered by May 1979. 

The Marconi 50kW transmitter to be 
used measures 12ft x 5ft x 6ft 9in, 
which is less than half the size of its 
50kW predecessor. The solid -state 
design incorporates only four valves, for 
the high power stages, and it uses an 
improved version of the Doherty 
modulation system. The operating 
frequency range is 525kHz to 1605kHz. 

New equipment for 
interference service 

Over eighty 10Hz to 520MHz frequency 
meters have been ordered by the Post 
Office for their radio interference 
service, which they operate for the 
Home Office. The service's job is to 
control interference affecting broad- 
casting radio and television reception 
in the UK, and the instruments, which 
will be fitted in the fleet of vans used by 
the Post Office, will enable operators to 
make precise measurements so that 
sources may be identified and the 
interference abated in the shortest 
possible time. 

Racal Instruments Ltd are supplying 
the meters, their model 9915, which 
was designed to a specification drawn 
up by the Home Office's Directorate of 
Radio Technology. 

"Precise frequency measurement will 
be essential for dealing with the 
interference problems raised by the 
huge growth in international radio 
communications," said a spokesman 
for Racal. 

The 9915 is an eight -digit frequency 
meter having a sensitivity of better 
than 10mV. Extensive use of l.s.i. has 
greatly improved reliability, it is 
claimed. Major features include 
instantaneous input protection, a 
frequency burst measurement facility 
for short duration signals, a.g.c. for 
increased dynamic range and a choice 
of frequency standards with ageing 
rates as low as ±5 x 1O-1Ó per day. 
Particular attention has been given to 
the mechanical design to ensure a 
rugged construction and excellent r.f.i. 
performance. 

This order comes within weeks of 
one from the Directorate of Telecom- 
munications for Racal's 9081 synthe- 
sized signal generators to be used at the 
Home Office's regional wireless depots. 

Negative feedback 
jubilee 

"I was looking at the Statue of Liberty 
when the idea crystallized. I quickly 
sketched a diagram and wrote my 
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equations on a copy of the morning 
newspaper, which fortunately had a 
blank page." Thus, Harold S. Black 
reminisced about the day fifty years 
ago (August 2, 1927) when, travelling 
on a Hudson River ferry boat in New 
York, he had the idea of negative 
feedback. Black, now retired, was then 
working for Bell Telephone Labora- 
tories, and the stimulus for the new 
technique came from the need to 
design good amplifiers for long -dis- 
tance telephony. At first the idea was 
received with scepticism and it was 
several years in fact before a 
satisfactory negative feedback ampli- 
fier could be developed. But in 1931 a 
successful field trial of a transcontin- 
ental cable telephone system, which 
used 70 of Black's negative feedback 
amplifiers, finally silenced the doubters. 

The patent on negative feedback, US 
Patent No. 2,102,671, was then widely 
licensed by the Bell System to the 
nascent electronic and control 
industries, and in January 1934 Black 
published his now classic paper "Stabi- 
lized Feedback Amplifiers" in Electrical 
Engineering. The less well known error 
correction process of feedforward was 
invented by Black some time before 
negative feedback. 

Radio set 
designers 

cabinet 

In preparation for its forthcoming 
exhibition of early domestic radio 
receivers "The Wireless Show! ", the 
Victoria & Albert Museum would like 
to contact designers of radio set 
cabinets who were working at any time 
in the period 1922 to 1956. Please 
contact Mr Carol Hogben, Acting 
Keeper Regional Services, V & A 
Museum, Exhibition Road, London 
SW7 2RL (tel: 01 -589 6371). The 
exhibition will be running from 
October 20 to December 11. 

OBITUARY 

John Brinkley, F.I.E.R.E., M.I.E.E., who 
was well known for his work in the field 
of mobile radio, died on August 15 after 
a short illness. 

After early training at the Post Office, 
Mr Brinkley transferred to the Home 
Office Communications Directorate 
where, during the war, he was 
responsible for many of the first mobile 
radio systems. After the war, he went to 
Pye Telecommunications in 1948 and in 
1956 became managing director. While 
at Pye, he was appointed a member 
of the Postmaster General's Fre- 
quency Advisory Committee and was a 
member of the Mobile Radio Advisory 
Committee. During this period, his 
involvement with the Mobile Radio 
Users Association began. On leaving 
Pye in 1967, he went to Standard 
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Telephones as executive director of the 
radio group and eventually became 
director of ITT world -wide mobile radio 
activity, being appointed advisor to the 
American ITT Corporation. From 1971, 
Mr Brinkley was with Redifon, where he 
became deputy chairman. Among the 
many committees on which his advice 
was invaluable were the Electronic 
Engineering Association Council (he 
was chairman of the EEA for eleven 
years) and the Electronics Economic 
Development Committee. 

Cable radio sites named 

In a Commons reply on July 26, the 
Home Secretary, Mr Merlyn Rees, said 
that five experimental cable radio 
stations would be authorised. They will 
be at Southwark and Thamesmead, 
London, Basildon, Essex, Newton Ay- 
cliffe, County Durham, and Telford, 
Shropshire. 

The announcement came exactly a 
year after the Home Office announced 
that they would licence up to six cable 
radio stations. (Wireless World, 
October 1976, p.44). On both occasions 
the Home Secretary has spoken in reply 
to questions from Mr Eric Moonman, 
the Member for Basildon, one of the five 
successful sites. A Home Office spokes- 
man said that, although there had been 
a number of applicants, mapy of them 
simply wanted to know what the 
experiments involved, and several were 
unable to meet the conditions of the 
licence, their applications then being 
withdrawn. The spokesman cited one 
condition which said "All programmes 
must be specifically designed to meet 
the needs of the community" to be 
served. 

Another condition was that the 
number of hours devoted to pre- record- 
ed music should be limited. In the end 
the five named were the only ones to 
make formal applications, the spokes- 
man said. 

The Times reported last September 
that there had been "a rush of appli- 
cants" for licences to run cable radio 
stations under the new scheme. Twenty 
organisations had already shown inter- 
est by the end of August, 1976. 

Swindon Viewpoint are to run a 
lottery to save the cable tv station (WW 
September, p.49), backed by a large, 
national betting organisation. As a 
result Thamesmead Borough Council 
are to go ahead with a grant of £2,000 for 
this year, Radio Rentals are under- 
writing any shortage of funds up to the 
end of this year, and the Home Office 
Voluntary Service Unit may come up 
with a further grant. 

College courses 

Enquiries about Mr Harry Leeming's 
amateur radio course at Blackburn 
should be addressed to The Principal, 

College of Technology and Design, 
Fielden Street, Blackburn, Lancs. 
The first Amateur class at North and 
West Farnborough Further Education 
Centre, Hampshire, will begin on 
September 22 at 7.30pm. Enquiries to J. 
Brett, Principal, Cove School, St John's 
Road, Farnborough. 
In Cornwall the amateur course will be. 
at S Mid -Cornwall College of Further 
Education, Palace Road, St Austell. Mr 
J. S. Kennedy of the Electrical 
Department says that the class will be 
held every Tuesday from September 27, 
starting at 7pm, and enrolment will take 
place between 5 and 7.30pm on Sep- 
tember 21 and 22. 
Enrolment for the Amateur course at 
Crawley will be on September 14 at 
7pm. The course, run by Mr R. Scrivens 
G3LNM (Crawley 22540), will be at 
Sarah Robinson School, Ifield, Crawley, 
West Sussex, starting September 26. 
Mr D. R. Loveday (G3FPE) is holding a 
radio amateurs' course at Gosforth, 
near Newcastle upon Tyne, starting in 
September. Enquiries to the principal, 
Gosforth Adult Association, Gosforth 
High School, Knightsbridge, Gosforth, 
or by phoning Mr Loveday on 
Newcastle 668439. 
The South London College telecom- 
munications and electronics depart- 
ment will be running a number of short 
courses of special lectures at West 
Norwood starting in October and No- 
vember. The subjects are basic elec- 
tronic construction, electricity in the 
home, teletext systems, and colour 
television practical servicing. Contact 
Mr A. A. Rowlands, head of department. 
01- 670 4488. 
A modern filter design course will be 
held from September 20 to 23 at 
Portsmouth Polytechnic. Further infor- 
mation from Dr J. N. Torry, department 
of electrical and electronic engineering, 
Portsmouth Polytechnic, Anglesea 
Road, Portsmouth POI 3DJ. 
An integrated circuit design workshop 
will be held on one afternoon a week for 
12 weeks beginning November 9 at the 
Barking Precinct, North East London 
Polytechnic. Write to the department of 
electrical engineering, Longbridge 
Road, Dagenham, Essex RM8 2AS. 
(01 -599 5141). 
Roger Driscoll is running a course on 
audio design and acoustics at the North 
London Polytechnic, beginning October 
27. Write to the department of elec- 
tronic and communications engineer- 
ing, NLP, Holloway Road, London N7 
8DB. 
Bleasdale computer systems are run- 
ning a number of training courses in the 
use of Motorola microprocessors. En- 
quiries to the course registrar, 
Bleasdale, 32 Eastway, Morden, Surrey 
SM4 4HW, 01 -540 8611. 
The fourth annual conference of the 
Cybernetics Society will be held on 
September 13 at the School of Phar- 
macy, University of London. L. John- 
son, department of cybernetics, Brunel 
University, Kingston Lane, Uxbridge, 
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Middlesex UB8 3PH. 
The fourth international conference on 
digital satellite communications will be 
held in Montreal from October 23 to 25 
next year, sponsored by the Interna- 
tional Telecommunications Satellite 
organisation (Intelsat), Teleglobe Can- 
ada, the Canadian Society for Electrical 
Engineering, and the Canadian Region 
of the Institute of Electrical and Elec- 
tronics Engineers. More information 
from the manager of the administrative 
office of the conference, Teleglobe 
Canada, 680 Sherbrooke Street West, 
Montreal, Quebec, Canada H3A 254. 

continued from page 47. 

of independent body which would 
arrive at joint proposals on important 
matters. 

As for WARC, most of the European 
mobile radio manufacturers, in Britain 
under auspices of the Electronic Engin- 
eering Association, have agreed a 
common approach and are trying to 
persuade the individual governments to 
go along with them. Their proposals 
include the taking over of bands 1 and 3 
for mobile radio, and standardisation on 
12.6kHz channel spacing. What worries 
the British industry is that the Home 
Office is not taking enough heed of 
these proposals, despite the Govern- 
ment's concern that British policies 
should take account of international 
conditions, and the apparent willing- 
ness of, for example, the French and 
German governments to set up joint 
working parties to see how the proposal 
could be implemented (Electronics 
Weekly, April 27). 

Time is now growing short, since the 
preliminary submissions to the ITU 
must be in by October. The feeling 
among mobile radio men that the Home 
Office has still not realised the impor- 
tance of their industry, and that as a 
result Warden will remain the final form 
of the British submission, has reached 
such a pitch that they are wondering 
whether some hidden military or politi- 
cal force lies behind the Home Office's 
intransigence. Adding to this feeling is 
the long decline in the influence of the 
Mobile Radio Committee, which a 
decade ago issued mobile radio policy in 
the form of white papers, and the 
apparent inactivity of the interdepart- 
mental Frequency Advisory Corn - 
mittee. 

All in all the Home Secretary's call for 
submissions is beginning to be seen as 
nothing more than an empty political 
gesture, and the opponents of Home 
Office policy are seeking political 
responses as a result. If the Home Office 
does not publish its October preliminary 
submission to the ITU, and subsequent 
amendments to it, the mobile radio 
industry is likely to press for a Corn - 
mons Select Committee of enquiry into 
the process of preparation for WARC, a 
move that is already being widely 
canvassed. 
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Advanced preamplifier additions 
Rumble and scratch filter, virtual earth mixer, meter 
suppression circuit 

by D. Self, B.A. Electrosonic Ltd 

The original design did not include a 
scratch or rumble filter because it was 
felt that an attempt to make no 
compromise in the range of facilities 
provided, as well as in performance, 
could lead to a design that was 
over -complex. Furthermore, use of the 
treble control in the 5kHz setting was 
thought to give some of the advantages 
of a variable -slope scratch filter. 
Nevertheless, the ultimate slope is only 
6dB /octave, and therefore the high -fre- 
quency rejection is less than that 
obtainable with the usual second -order 
low -pass filter. It should also be noted 
that the low- frequency response of the 
original preamplifier was not extended 
to d.c., but rolled -off in a controlled 
manner to be 3dB down at 7Hz. 
However, a good deal of interest has 
been shown in further filtering facilities, 
and therefore the design shown in Fig. 1 

Fig. 1. Rumble and scratch filter. This circuit 
has a switched frequency low pass stage and 
a fixed frequency third -order high pass stage. 

This article describes a number of 
additional facilities that may be easily 
added to the preamplifier design 
published in the November 1976 issue 
of Wire less World. These additions 
are in the form of independent 
circuits, one or all of which may be 
added to a completed preamplifier 
with a minimum of disturbance to the 
existing circuitry. Even if all the 
circuits are incorporated, the extra 
demands on the stabilized power 
supplies should cause no problems. 

was evolved. This uses a switched -fre- 
quency second -order low -pass filter, 
and a fixed- frequency third -order 
high -pass filter that discriminates 
against the subsonic disturbances 
generated by record warps etc. The last 
mentioned is not really a rumble filter 
because it does not attenuate within the 
audio band. The frequency response is 
-1dB at 20Hz and -17dB at 10Hz, 
hence subsonic signals are greatly 

attenuated without perceptible loss of 
lower bass frequencies. The filter has a 
Butterworth characteristic. The 
low -pass filter incorporates switch -se- 
lected cut -off frequencies at 10kHz and 
7.5kHz as measured at the -3dB point. 
These frequencies were chosen after 
listening to records suffering from 
varying degrees of damage and wear, 
and are believed to be a good 
compromise. The 10kHz filter has a 
relatively subtle effect which gives a 
smoother upper frequency response 
with records that are only slightly past 
their best. The 7.5kHz setting is 
effective with more severe cases, while 
discs in v-ery poor condition may be 
improved by the use of an even lower 
cut -off frequency using the treble 
control. Restricting the low -pass filter 
to two switched frequencies allows the 
use of a 3 -way 4 -pole rotary switch. 
With the switch in the out position the 
low -pass filter still operates but the 
-3dB point is at 40kHz. This prevents 
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Fig. 2. Virtual earth mixer. This circuit allows 
simultaneous stereo and mono signals from 
the original preamplifier. 

To other 
channel 

oV 

- r 
Existing VU amp. 

Fig. 3. Meter suppression circuit. 

From 
switch -on 

delay 

From 
rumblegate 

Tr29 

12k 

Remote 
switch 

¡close to 
% mute 

R24 
10--1/ /\w-+ 

100 

0 
Socket 

= 

Fig. 4. Remote muting arrangement. 

R1a 

22k 

R25 Mono 
5k output 

LEVEL 
CONTROL 

out -of -band frequencies from being fed 
to the power amplifier, which could 
cause t.i.d. 

Both high and low -pass sections use 
the well -known Sallen & Key configu- 
ration, with unity -gain buffering 
provided by emitter -followers with 
current -source loading. As described in 
the original article, current -source 
emitter -followers generate very low 
levels of distortion and have better 
load -driving characteristics than con- 
ventional emitter -followers. Both cur- 
rent sources are biased from diodes DI, 
D2. Resistor R11 prevents Try from 
affecting Tr2 in the event of a fault. The 
prevention of interaction makes fault 
diagnosis much easier. One point of 
interest is that the final unity -gain 
buffer is in fact a compound emit- 
ter- follower incorporating a comple- 
mentary pair. This is desirable because 
the second unity -gain buffer, unlike the 
first, is driven from a substantial 
resistive source impedance, and under 
these conditions a simple emitter 
follower would generate a relatively 
high level of t.h.d. The circuit shown 
produces a t.h.d. figure of about 0.008% 
for 12V r.m.s. at 1kHz. 

It is recommended that the filter is 
connected between the normalization 
amplifier and the tone -control stage so 
that the filters come immediately before 
C4 on the original diagram. Note that 
the feed to the rumble gate must be 
taken off before the filters because the 
detection of subsonic frequencies is 
fundamental to the correct operation of 
the gating circuitry. The signal to the 
tape output emitter -followers may be 
taken before or after the filter system. A 
stereo filter draws an additional 30mA 
from the two stabilized supply rails. 

The original preamplifier design had 
no provision for mono /stereo switch- 
ing, as it was felt that it was unlikely to 
be used with a mono power ampli- 
fier /speaker system. It should also be 
appreciated that mode selection cir- 
cuitry that does not compromise 
headroom or distortion performance in 
either mono or stereo would add a 
significant amount of circuitry to the 
preamplifier. The prototype preampli- 
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fier has now been in regular use for over 
a year, and in this time the only real 
need for a mono output has been for 
recording stereo material on a single - 
track tape machine. It was therefore 
decided to design a virtual -earth mixer 
that would give a mono tape output 
while the main preamplifier outputs 
remained in stereo. This simultaneous 
mono approach has the advantage that 
it can be easily added to an existing 
preamplifier without the need of a mode 
switch on the front panel. The 
prototype mono mixer incorporates an 
internal preset for controlling the 
output level. This can be brought out to 
the front panel or omitted as required. 

The circuit of the mixer is shown in 
Fig.2. Mixing resistors R13 and R14 are 
fed from the existing tape buffer 
outputs, see Fig.3. of the original article. 
Shunt feedback is applied through R18 
to give unity voltage gain and a virtual 
earth point at the junction of C10 and 
R16. The design is derived from a 
configuration described by Butler' and 
offers a very low t.h.d. figure without 
the use of the usual circuit artifices such 
as bootstrapping or current -source 
collector loads. At an output level of 5V 
r.m.s. the t.h.d. is below 0.005% from 
1kHz to 20kHz. Transistors Tr6 and Tr7 
produce all of the voltage gain and are 
arranged as a cascode. Resistor R15 
bypasses Tr7 and allows Tr6 to operate 
at a much higher current level than the 
collector load R17. This arrangement 
appears to be crucial for good distortion 
performance. Transistors Tr8 and Tr9 
operate as the now -familiar cur- 
rent- source emitter -follower so that 
low -impedance loads down to 3kS2 may 
be driven without loss of headroom due 
to premature clipping on the negative 
half -cycle. Note that current -source Tr9 
is biased from the same potential divider 
as Tr7. The mixer circuit draws an 
additional26mA from the + 24V rail. 

When the prototype preamplifier is 
switched on, the VU meter needles 
smartly strike their end -stops and then 
fall back. This behaviour is due to the 
initial charging current of the 15µF 
capacitor, coupling the collectors of Tr22 
to the meter, see Fig.3, passing through 
the meter movement itself as the supply 
rail rises. The degree of overload does 
not appear to be excessive as no 
degradation of meter accuracy has 
occurred during the past year. None- 
theless, the sound of meter needles 
against end -stops is not pleasing and 
the circuit shown in Fig.3 has been 
provided to prevent this effect. At the 
moment of switch -on, the +24V rail 
rises rapidly and current flows through 
C14, R22 and R23, to turn on Tr10. This 
transistor shorts the switch -on surge to 
ground via D4, and reduces the 
overswing to an inoffensive twitch. 
After a few hundred milliseconds C14 
becomes fully charged and insufficient 
current flows through R22, R23 to keep 
Tr10 conducting. The transistor then 

Continued on page 86 
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Precision Performance Servomotors 
Escap instrument servomotors start fast and 

continue to lead the field. But such championship 
qualities are only part of the story. Unique ironless 
rotors ensure low inertia. Minimal friction means 

exceptionally low starting voltages. Precious 
metal commutators and brushes guarantee 

unsurpassed stamina as do their self 
lubricating bearings. 

These are but a few of the definable qualities 
of Portescap's miniature precision servomotors - 
built by Swiss craftsmen for the professional 
engineer. 

Your product can be a winner too if you 
team up with Portescap. So be quick off the 
mark and circle the reply number, for more 

information. 

Portescap (U.K.) Limited. 204 Elgar Road, Reading, RG2 ODD. 

Po mesca p Fel: Reading (0734) 861485/6/7/8. Telex: 847661. 
WW -040 FOR FURTHER DETAILS 
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their best friends should tell them! 

Valves from eacle THE 
HOUSE 
OF POWER 

Pinnacle Electronic Components, Electron House, Cray Avenue, St. Mary Cray, Orpington, Kent BR5 3QJ. Phone: Orpington 71531 Telex: 896141 
Northern /Midlands Sales Office : 11 Palmyra Square, Warrington. Phone: Warrington 50145. Telex: 627349 

WW -068 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, October 1977 

Further experiments on phase 
audibility 
A new method of estimating phase distortion in audio systems and 
some listening tests 

by Daniel Shanefield, Ph.D. Bell Telephone System 

Like many developments in physics, 
this study arose from an inability to do 
something. Although my attempts to 
fool people with live -versus -recorded 
comparisons have succeeded when the 
listeners were far from the sound source 
(more than twenty feet), my most 
diligent attempts to fool the same 
listeners have utterly failed when they 
were close to the loudspeakers (less 
than twenty feet away). This was true 
with both "one- eared" and "two- eared" 
experiments. 

There are several possible explana- 
tions, and among them is "phase 
distortion" - by which I mean that the 
bass and the treble are delayed by 
different amounts of time during the 
record /playback process. According to 
this hypothesis, at a distance from the 
speaker, a large percentage of the sound 
is reflected, and therefore is phase -di- 
storted, for both the live and the 
recorded cases. You can't tell the 
difference, and therefore you can be 
fooled. But close up, where the sound is 
mostly direct, the live sound would not 
be greatly phase -distorted, while the 
recorded sound would be distorted 
because of imperfections in the 
record /playback process. Presumably 
the ear could tell the difference and 
wouldn't be fooled. 

New commercial loudspeakers with 
improved phase response have been 
appearing all over the place. Some are 
"linear phase, "1 some are "minimum 
phase,"2 and some are claimed to be 
essentially "phase constant. "3 I say 
"essentially" because it is not practical 
to be exactly coherent, since a motion of 
your head up or down from the centre 
axis of a two -way, non -coaxial 
loudspeaker can put you out of exact 
coherence when it comes to frequency 
pairs such as 800Hz and 8000Hz. If exact 
coherence is important, then the whole 
thing is hopeless from the standpoint 
of commercial loudspeaker design.. 

At the other end of the scale, extreme 
phase distortions, corresponding to 
differential delays of 10 milliseconds or 
so, have been shown by telephone 
researchers to be audible and bad. But 
initial wavefronts (almost like square 

waves) and the only way to preserve 
these fronts during recording is to keep 
the high frequencies and low frequen- 
cies travelling together. But this is 
probably wrong, because live musical 
sounds do not have steep initial 
wavefronts, and, quite the contrary, 
they take at least a few tenths of a 
millisecond to build up to full volume. 
That has been shown for music and 
handclaps by Duncan et al.,4 and you 
can see it yourself if a storage 
oscilloscope is available. A few tenths of 
a millisecond is several complete cycles 
at 8kHz, so initial wavefronts do not 
have to be steep - at least from that line 
of reasoning they don't. 

However, it is well known that we 
don't fully understand these things, and 
"lines of reasoning" do not always 
correlate with audio realities. If phase 
distortion is audible, maybe it does 
affect realism, even if we can't say why. 
Anything that is a "distortion" and is 
audible should probably be eliminated. 
So is it audible? Many previous 
experimenters have said, "no" for 
monophonic sound. But V. Hansen and 
E. R. Madsen of B &O in Denmark have 
claimed5 that small monophonic phase 
changes can be audible under some 
circumstances. A few acousticians 
that extreme sort of distortion is not 
what we are discussing here, either. 

It has been hypothesized from time to 
time that a fair degree of phase 
coherence is necessary for realism 
because live musical sounds have steep 
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Definitions and examples 

In a sound reproduction process, which 
inevitably involves some sort of a time delay, the 
term "phase distortion" refers to a change in the 
shape of a complex waveform, such that the low 
frequency parts of the wave are delayed by 
times which are different from the delay times of 
the high frequency parts.(These are absolute 
times, measurable in seconds, not the relative 
times measurable as multiples of a variable such 
as a peak -to -peak wave period.) 

To clarify the concept, let us consider a short 
musical note consisting of a 1 kHz wave plus 
some harmonic content at 2kHz and 3kHz. 
Suppose it is reproduced through a microphone, 
amplifier, and loudspeaker with perfect overall 
phase coherence, that is, zero phase distortion. 
Suppose the three frequencies are uniformly 
delayed by the same absolute time, namely one 
millisecond. The 1 kHz part of the waveform will 
be delayed one whole cycle, but the 2kHz part 
will be delayed longer relative to its own time 
period, that is, two whole cycles, and the 3kHz 
part will be delayed 3 cycles. So the relative 
delay, sometimes expressed in the form of 
angles, depends linearly on the frequency. 
There can be linear phase relationships to the 
original signal, even though there might be zero 
phase distortion (all harmonic components 
remaining perfectly in -phase with each other). 

Suppose. however, that She loudspeaker 
system imposed some absolute -time phase 
distortion, causing the output to have a 

two-cycle delay at 1 kHz (2 milliseconds absolute 
delay), a three -cycle delay at 2kHz (1.5 
millisecond), and a four -cycle delay at 3kHz 
(1.33 millisecond). The number of cycles of 
phase delay could still be plotted against 
frequency and show a linear relationship to the 
original signal, but the absolute time delays in 
milliseconds would each be different from each 
other, with accompanying distortion of the 
waveform. There are also many other ways to 
plot phase angle versus frequency which are 
linear (especially on the usual semi -logarithmic 
paper!) but which actually involve phase 
distortion of the waveform. 

Fig. 1. Wave used in new test method for 
estimating phase distortion. 
Fig. 2. The test wave in Fig. I after being 
subjected to phase distortion. 

/ Fig 2 
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believe that Hansen and Madsen are 
correct, and a few others don't. (Of 
course, everyone agrees that interaural 
phase changes are audible, and this 
contributes to stereo localization.) 

I think that Hansen and Madsen 
overlooked a serious potential problem 
in their technique, which I happened to 
uncover while trying to duplicate part 
of it. They used Koss ESP -9 electrosta- 
tic headphones, which I also used, and 
they assumed that the acoustic output 
of these headphones has a wave shape 
that is a very accurate reproduction of 
the electrical input. However, my 
impulse tests show that the ESP -9 in an 
essentially anechoic environment rings 
a little bit, and it therefore acts in some 
ways like a slightly reverberant room. 
Hansen and Madsen admit that a 
reverberant situation will give a falsely 
enhanced audibility to phase shifts, due 
to destructive interference effects. This 
causes loudness changes at certain 
frequencies, which the ear can hear 
very well indeed. So maybe we just 
don't have enough transducers to do the 
experiment unequivocally. 

I don't think we really need to know 
whether a pure signal of some kind is 
audible, although it is an academically 
interesting subject. What we do need is 
an experiment that directly compares a 
phase- coherent loudspeaker with an 
incoherent one, keeping everything else 
identical, and playing music. We need to 
determine which one is more realistic. 

B &W Loudspeakers Ltd have pu- 
blished a report that seems at first sight 
to be concerned with just that very 
experiments They arranged listening 
tests of music with two nearly identical 
loudspeakers, one phase- coherent and 
the other non -coherent. The jury was 
polled on its preferences, which turned 
out to be strongly in favour of 
coherence. Frankly, I think their results 
are inconclusive. First of all, their 
experiment was evidently not done 
blind, and we really might expect a jury 
to choose a sophisticated -looking 
speaker (their model DM6) as opposed 
to a plain one (which the incoherent one 
certainly was). Secondly, the "better" 
sound was chosen without immediate 
access to the live performance, so 
"better" might not be "more realistic." 

Estimating phase distortion 
Before we can compare different 
degrees of phase distortion, we have to 
be able to measure it. I would like to 
offer here a new method for estimating 
the amount of phase distortion present 
in any one link of the record /playback 
chain, or in the whole chain. The 
advantage of this method is that it is 
easy to use, as compared with phase 
meter approaches (which are not as 
simple as they might appear to be), and 
compared with the "raised cosine "' or 
"sine -squared "8 and fast Fourier trans- 
forms approaches. (By the way, the 
Fourier method is subject to consider- 
able error, unless the frequency 
response and other critical attributes 

are measurable to a high degree of 
accuracy.) 

The new method involves running a 
60Hz square wave through an octave - 
type graphic equalizer. If the slide 
that controls the 8 -kHz frequency band 
is set at + 6dB, and the other slides are 
all set at -12dB, each square wave will 
become a skinny spike, as viewed on an 
oscilloscope. Now, if the 60 -Hz slide is 
also raised to +6dB, the waveform 
becomes the thing shown in Fig. 1. I call 
this an "S- wave," because it looks like 
what an American cattle rancher with a 
branding iron would call a "lazy S." 

If an S -wave is now run through a 
tape recorder, in most cases it will 
become "phase- distorted" and look 
something like the wave shown in Fig. 
2, because there now is a difference in 
the delays applied to the treble and the 
bass frequencies. 

A disadvantage of this testing method 
is that one cannot easily obtain a con- 
tinuous reading of phase shift versus 
frequency during a sweep through 
the audible spectrum. However, 
we usually don't need a continuous 
reading, and looking at only four or five 
points on the frequency scale will tell us 
a lot. For improved accuracy at the 
treble end, it is best to break the 
frequency span into smaller steps such 
as 8kHz /2kHz, then 2kHz /500Hz, then 
500Hz /120 Hz, etc. This way, small time 
delays in the higher of the two 
frequencies being studied will show up 
better. 

Using a sequence of S -wave tests, I 
have found that, while the extreme bass 
and treble of the Tandberg 3300X 
cross -field tape recorder are badly 
phase -distorted (unequally delayed), 
the range from 120Hz to 8kHz is 
essentially constant phase. (Note that 
this is not "linear phase "' or "minimum 
phase"2 but is essentially zero phase 
distortion 3) 

S -waves can also be sent through a 
complete record /playback system, and 
my experiments with that can be 
summarized as follows. The recording 
chain consisted of an S -wave going 
through a Bose 901 equalizer, a Dynaco 
400 power amplifier, a single Bose 901 
loudspeaker facing forward (not re- 
flecting), an air link, a Thermo Electron 
814 microphone, and a Tandberg 3300X 
tape recorder with Maxell UD tape at 
7% in (Only four coplanar cones of 
the Bose 901 were used. The other five 
cones were covered with lead -loaded 
vinyl sound absorbing sheets.) Playing 
the Tandberg back through the 
equalized Dyna 400, the Bose 901 
speaker (facing forward again), and the 
814 microphone to an oscilloscope 
showed no phase distortion visible with 
the S -wave test, from 120Hz to 8kHz. 
Therefore, the whole system was 
essentially phase- coherent. 

The Bose 901 loudspeaker was used 
because it has no crossovers, and the 
Tandberg machine was chosen because 
its cross -field system is reputed to 
minimize phase shifts. The 814 micro- 
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phone is an electret type which is very 
similar to the more commonly known 
AKG Model C -451E. Having an unusu- 
ally flat response curve in the entire 
audible frequency -range, it also has 
minimal phase effects over the impor- 
tant range of 120Hz to 8kHz. 

However, a variety of other devices 
such as dynamic microphones, other 
tape recorders, and electrostatic head- 
phones each showed gross phase 
distortion (as in Fig. 2) when they were 
individually substituted into the chain. 

In addition to measuring phase 
distortion, S -waves can be used to test 
speakers and microphones for ringing. 
A very-low- frequency square wave is 
fed into the graphic equalizer, which 
causes a gap in the time between 
successive S- waves. Overswing across 
the zero -amplitude line on the oscillos- 
cope display indicates ringing (a form of 
poor "transient response "). The pulses 
are too short to allow full ringing 
build -up, so the method is less than 
ideal. But it is convenient, and it does 
quite graphically show up any tendency 
toward undirectional overswing. The 
room reverberations can usually be 
separated out, since they come much 
later. 

By adjusting the equalizer pass bands 
to find those worst -case frequencies 
that maximize the ringing, it was found 
that electrostatic transducers (ESP -9 
phones and B &W model 70 speakers) 
and also Magnapan speakers are not 
Simon -pure after all, and do ring 
slightly. This was also true with pure 
treble as well as pure bass. Good -quality 
cone -type speakers turn out to be just 
as effectively damped. (I suppose we 
should have expected this. The Mylar 
diaphragms might have low mass, but 
they also have very little mechanical 
damping action - not much more than 
in a bass drum!) For confirmation of 
this, see advertisements for the B &W 
model DM6 speakers. 

Audibility of phase distortion 
Using the 814 microphone, Tandberg, 
and Bose chain, I monophonically 
recorded repetitions of a 698 -Hz 
xylophone note (with its overtones, of 
course). The loudness was kept at 
moderate levels so that overload was 
not a problem. It was played back using 
separate graphic equalizers as a 
crossover, splitting the signal into the 
below -1 -kHz part, which went into one 
901 speaker, and the above -1 -kHz part, 
which went into another 901 speaker. 
(The frequencies above 8kHz, were 
filtered out altogether, since thy would 
have been phase- distorted.) Putting the 
two speakers approximately side by side 
(or one above the other) gave no 
difference in realism from putting them 
several inches in front of and behind 
each other. 

The graphic equalizer itself has some 
effect on the phase, so the essentially 
zero phase distortion (coherent) signal 
was not obtained with exact side -by- 
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side placement. Also, the treble tends to 
come from the apex of the speaker cone, 
while the bass comes from areas farther 
forward.10 A displacement of l'A inches 
did not produce essentially coherent 
sounds. Both these and the incoherent 
(5 -inch displacement) sounds were 
compared with live performances of the 
xylophone notes. (This was also 
repeated with a variety of other musical 
notes.) 

There were plenty of "differences" in 
the sounds. In fact, I have never found 
two loudspeakers that sound exactly 
alike under ordinary circumstances," 
so the sound does depend on which Bose 
901 handles the treble, etc. Watch out 
for this when you read other people's 
reports on similar experiments! No 
relative speaker position was clearly the 
most realistic when quickly or slowly 
A -B'ed against the live performance. 
(This is an example of what I called the 
LAB test in a previous article.'2) 

The conclusion is that a fairly high 
level of phase distortion does not affect 
realism. 

This business of speakers each 
sounding different dredges up another 
one of those deep philosophical 
problems. Unless we attack it with very 
clear thinking, it's liable to become a 
virtual Loch Ness monster. Suppose all 
loudspeakers sound different (and S. K. 
Pramanik of B &O states very definitely 
in reference 11 that they do). Then how 
can we ever expect one to sound like the 
live performer, if it can't even sound 
exactly like a duplicate loudspeaker? It 
seems to be impossible to remove all 
such differences, or at least it seems 
impractical. 

Here is' my way of pushing the 
philosophical monster back down. I am 
willing to accept a difference between 
the live and recorded sounds, just as I 

will accept a difference between 
duplicate live instruments, each being 
equally "realistic." What I am trying to 
do is prevent a blindfolded listener from 
identifying which sound is recorded. 
This is what does happen at a distance, 
where listeners can actually be fooled. 
Then, even if a listener practices for a 
while and does learn to identify the 
sources, I am trying to get the honest 
listener to say that neither one is best. It 
should sound like two different "live" 
instruments. That is what I mean by 
"realistic." 

The main criticism I can see for the 
whole study is that the Bose 901 
loudspeaker facing forward is possibly a 
too -imperfect device to prove anything, 
primarily because of the diffraction 
peaks in its frequency response curve 
caused by its multiple drivers. (It is not 
meant to be used facing forward for 
close listening.) Also the side -by -side 
arrangement of the two speakers causes 
additional interference peaks, because 
the crossover that feeds them is not 
optimized to prevent this. But actually, 
the whole loudspeaker -room system 
was carefully equalized using a 
"pseudo- performer" method,lz and it 

did sound quite good in spite of the 
diffraction. 

It would be useful if other people tried 
similar experiments with a variety of 
loudspeakers. Just please be observant 
of all the snares mentioned above. This 
is a tar pit surrounded by quicksand. 

What is the true explanation of my 
failure to fool listeners up close, if it is 
not phase distortion? I don't have a 
strong opinion at this point. My best 
results in listener -fooling have been 
obtained with a Magnapan MG -II 
loudspeaker *; played through a large, 
thin curtain which is strongly lit up 
from the front and dark behind. This 
speaker has a fair amount of phase 
distortion, probably because of its 
crossover design. Maybe the Magna - 
pan's relatively good performance is 
due to its size, to its bipolar radiation 
pattern, or to its unusual frequency 
response curve. It doesn't have a 
monopoly on realism, though, because a 
giant pile of conventional speakers 
arranged to be bipolar and big sounded 
just about as good. 

I have a feeling that the ear is 
sensitive to subtleties in the back -re- 
flections off the walls of the listening 
room, and that is how we can tell the 
live from the recorded sounds. This 
might be an interference effect that gets 
translated into a frequency response 
effect, and it might be affected by the 
size and shape of the loudspeaker. 
Maybe small speakers have high -Q 
(finely tuned) environmental interfe- 
rences and resonances, causing strong 
colorations, while large speakers such' 
as Magnapans or electrostatics have 
diffuse and weaker colorations of this 
type. Or, maybe it's the shape of the 
wavefront, with large speakers provid- 
ing a more nearly planar- shaped wave. 

For a xylophone -to- microphone dis- 
tance of about a yard or more, the 
wavefront that hits the microphone is 
nearly planar. If the loudspeaker is put 
where the microphone was, maybe the 
speaker should produce a similarly 
planar wavefront. (However, I suppose 
that a closer microphone distance might 
work better with a non -planar speaker, 
and I feel this ought to be explored 
further.) 

I repeated these tests in the open air, 
up on ladders, but I am still unable to 
fool listeners who are closer than 15 feet 
from the xylophone. Philosophically, 
this type of negative result is not very 

ningful. Large loudspeakers still 
e the best results, but I cannot 

parate such hypothetical factors as 
diffraction at the loudspeaker cabinet 
edges from a myriad of other possible 
factors. Are the inevitable small 
amounts of phase distortion the 
important thing? Or the residual traces 
of reflection from the grassy ground? If 
I had to guess, I would gamble on 
imperfections in the amplitude -ver- 
sus- frequency curve being the culprit. 
But this guess is only being made 
because a small turn of the tone control 
knob can have such a great effect on the 
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listener's impressions, and not because 
of any well- understood weighting of the 
many factors to be considered. 

* For UK readers it should be noted that 
the Magnapan is a large, diaphragm 
type loudspeaker, similar to an electro- 
static, but operated electromagnetically 
by a grid of fine wires on the surface of 
the diaphragm. The electromagnetic 
field from this grid interacts with an 
array of small, fixed permanent 
magnets on the framework of the 
speaker. The unit has separate woofer 
and tweeter areas. 
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Testing logic networks 
New method using numerical spectra can be implemented on a 

computer 

by S. L. Hurst, M.Sc.(Eng), Ph.D., F.I.E.E., F.I.E.R.E. University of Bath 

As digital equipment becomes more 
complicated there is an increasing 
need for effective fault diagnosis 
techniques. This article introduces the 
subject of Rademacher -Walsh spec- 
tra, which can be used in the design 
of logic networks but have not so far 
been applied to network testing. The 
speed with which Rademacher -Walsh 
spectra may be handled by a digital 
computer may be of great signifi- 
cance. 

While "fault detection" is a go /no -go 
test to check whether a network 
performs its required input- output 
functions correctly, "fault diagnosis" is 
a more comprehensive test to (ideally) 
pin -point the source of the fault if one 
exists. Automatic fault diagnosis is the 
aim of modern digital testing tech- 
niques. 

For automatic testing it is normally 
assumed that faults in logic circuits will 
be logical faults, that is logic 0 signals 
are erroneously present instead of logic 
1 signals, or vice versa, and that such 
faults are steady and not intermittent. 
This implies that a faulty logic network 
has an input- output behaviour which is 
logical but not the correct one, and in 
general a fault may be defined by 
"stuck -at -1" or "stuck -at -0" to indicate 
a faulty logic node in the network. 

One objective of automatic fault 
diagnosis is to examine the network 
under test with the minimum number 
of test sequences. This involves apply- 
ing a chosen series of input conditions 
such that all paths in the network from 
input to output are verified. Funda- 
mental difficulties may be experienced 
in practice which no input- output 
testing can resolve, such as internal 
faults which do not propagate to the 
output (which may arise for example in 
redundant or hazard -free network 
designs), and faults on different nodes 
which give rise to the same output 
fault. However, accepting such funda- 
mental constraints, the test diagnosis 
methods currently in use are based 
upon conventional Boolean techniques; 
such methods are largely derived from 
the theoretical development of Seshu 
(1956), Roth (1966), Kautz (1968) and 

Sellers et. al. (1968)1.2.3.4. These are well 
reviewed in recent summary papers5, 6, 7. 

However, instead of truth -tables or 
Boolean equations to express the 
input- output relationships of any given 
logic network, there is a completely 
different method by which such input - 
output relationships may be expressed. 
This is the Rademacher -Walsh spectral 
method. In the following sections this 
method is briefly introduced and an 
indication given of further research in 
this area. 

The Rademacher -Walsh spectra 
The Rademacher -Walsh spectrum of 
any given logic function with n 
independent input variables, say x1 to 
x ", consists of a series of 2" integer 
numbers. The magnitude and sign of 
these 2" numbers constitute the spectral 
coefficient values of the given function. 
They uniquely define the given 
function, as would a Boolean truth - 
table, but in a completely dissimilar 
manner from the 2" entries of 0 and 1 in 
a truth -table. 

The rigorous mathematical back- 
ground and possible use of these 
spectral coefficients in logic synthesis 
will be found documented9' 10, 11. How- 
ever, here it will suffice to state what 
the spectral coefficient values repre- 
sent, and how the values may be 
calculated by hand for simple functions. 
The actual coefficient values may differ 
in sign or by some normalising factor 
between different authorities, depend- 
ing upon initial definitions, but the 
following gives a straightforward 

definition based upon logic 0 and logic 1 

values without any normalising. 
Consider a logic network with n 

independent binary inputs x1 to x". 
Then the 2" Rademacher -Walsh spec- 
tral coefficients which characterise 
such a network are labelled: 
R0,121,122, .. .,R ",R12,R13, ...,R12 .. ", 
where the subscripts are all possible 
combinations of subscripts 1 to n taken 
one -at -a -time, two -at -a -time, etc. up to 
n -at -a -time, in addition to the first 
subscript For For example, for n = 4 we 
have the sixteen coefficients: 
R°,R1,R2,R3,R4,R12,R13,R14,R23,R24, 

R34,R12 124,- 134, -234,- 1234 

The spectral coefficient values for 
any given Boolean function f(xl, ...,x ") 
may be digitally- computed extremely 
rapidly by an appropriate fast Walsh 
transform which has been developed12. 
However, hand -computation, which 
helps to emphasise the meaning and 
numerical significance of each coeffi- 
cient value, may be undertaken as 
follows. 

For illustration, take the simple 
three -variable function f(x)= 
[x1x2 + x2.x3]. Compile the truth - 
table shown in Table 1, which as well as 
listing the given inputs x,,x2,x3, also lists 
xo,x, a x2,x1 e x3,x2 a x3, and x1 a x2 e x3, where x° - always 0, x1 a x2 is the 
exclusive - OR of inputs x1,x2, and so 
on. This "primary set" and "secondary 
set" constitute an augmented set of 
input variables. They are conventional- 
ly labelled r °,r r2 etc., as shown in Table 
1. The function output is listed in the 
normal manner. 

Table 1. The truth -table for function f(x)= [x1.72 +x2x3] in terms of the augmented 
set of input variables r;. (Note: the total number of variables r; will always be 2 for 
any n). 

"Primary" input set "Secondary" input set Function 
output 

ro 
=XO 

rl 
=X, 

r, 
=X2 

r3 
=X3 

/12 
=X, 

.73 
X2 =X, e X, 

r23 
, ® " 

r1:S 
=X,eX2®X3 f(x) 

0 0 0 0 o 0 o o o 
0 0 0 1 0 1 o 
o 0 1 0 o 1 1 

0 0 1 1 o o o 
0 1 0 0 o 1 1 

0 1 0 1 o o 1 

0 1 1 0 0 0 1 

0 1 1 t 0 o o 1 0 
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Now the Rademacher -Walsh spectral 
coefficients for any given function f(x) 
are given by: 
R1,i= 0,1,2, .. ., 12 . . . n, = (Number of 
agreements between the value 0 or 1 of 
the input r1 and the output f(x)) - 
(number of disagreements between r, 

and f(x)). 
For the function tabulated in Table 1, 

this gives: 
Ra R1 R2 R3 R12 Ria R23 R123 

0 +4 0 -4 +4 0 +4 0 
These spectral coefficient values are 
illustrated in Fig. 1. This figure is the 
spectrum of the given function, and 
may be considered analogous to the 
familiar Fourier frequency spectrum of 
a complex analogue waveform. 

Points of note are: 
B the given function is uniquely defined 
by the value of the spectral 
coefficients8. Hence if any fault deve- 
lops in the network which propagates to 
the output, then the spectral coefficient 
values for the network will be modified; 
ár the relative magnitude of each 
coefficient is a measure of the "impor- 
tance" of the particular input parameter 
r;,i # 0, in determining the network 
output value 0 to 1. A high positive 
value indicates a high degree of depen- 
dence of the output on the particular r, 
input, while a high negative value 
indicates a high degree of dependence 
of the output on the complement of the 
particular i input, i.e. upon 

For example, in the function illus- 
trated in Fig. 1 the output of the 
network is relatively highly dependent 
upon r1 ( =input xi), not very dependent 
upon r1(= input x2), and relatively 
highly dependent upon F3( = input 5E3). 

The further spectral coefficients give a 
measure of the importance of r12,r13 etc. 
(= the exclusive -ORs of the inputs 
x1,x2, etc) in controlling the output 
value. 

Further, for fault diagnosis, suppose a 
"healthy" network has a certain high - 
value spectral coefficient, and under 
some internal fault condition a low 
value is found for this coefficient, then 
such a discrepancy indicates that the 
particular node(s) or path(s) of the 
network which contributes to this part 
of the spectrum is suspect. 

These ideas, therefore, are the basic 
ideas underlying the possible use of 
Rademacher -Walsh spectra for logic - 
network fault diagnosis. 

Basic properties of the spectra 
Certain basic properties of the spectra 

,of a logic network may be detailed: 

Ro maximum- valued. If the value for Ro 
for a network is found to be ±2n (that is 
±8 for a 3- variable system, ± 16 for a 
4- variable system and so on), then the 
network output is constant, that is 
stuck -at -0 or stuck -at -1. For a 
4- variable system, a stuck -at -0 output 
gives Ro = + 16, and a stuck -at -1 output 
gives Ra = -16, using the definition of Ro 
-given in the preceding section. 

With Ro= ±2n, all other spectral 
coefficient values will be zero. There is 
therefore no need to evaluate them once 
this maximum value condition for Ro is 
known. 

Ri maximum -valued. If the value for any 
primary coefficient Ri, j= 1 to n (that is 
the spectral coefficient value relating 
directly to a binary input xi,x2, ..., xn), 
is found to be ±2 ̂ , then the output of 
the network is controlled entirely by the 
one particular input xi. All other inputs 
are redundant or ineffective in con- 
trolling the network output. For exam- 
ple should R2 be + 16 in a logic network 
with four input variables x1 to x4, then 
the network output is entirely depen- 
dent upon x2, the output being f(x) =x2. 
If R2 was -16 then output f(x) =x2. 

With any primary coefficient R. at a 
maximum value, then all other spectral 
coefficients, including Ro, will be zero. 
There is no need to evaluate them once 
a maximum condition for R, is known. 

Rik maximum -valued. If the value for 
any secondary coefficient Rik 
i k, j,k =1,2 ..., (that is the spectral 
coefficient values relating to the exclu - 
sive-ORs of the binary inputsx1,x2, . 

xn), is found to be ±2n, then the output 
from the network is controlled entirely 
by the exclusive -OR of two (or more) 
inputs xi,xk. For example, should R234 
be + 16 in a network with four input 
variables x1 to x4, then the network 
output is entirely dependent upon x2 
x3 ® x4,x1 being redundant or ineffec- 
tive. If R234 was -16, the output would 
be [x2 ®x3 ® x47 

With any secondary coefficient Rik ... at a maximum value, then all other 
spectral coefficients, including Ro, will 
be zero. 

Ro zero- valued. No particular signifi- 
cance may be attached to the situation 
where Ro is zero. This only indicates 
that the output from the network is 1 for 
exactly the same total number of input 
minterms as when the output of 0. For 
example, see the simple network eval- 
uated above. R0 = zero does not give 
any indication which input minterms 
give the network output 0 or 1. 

Ri zero -valued. No particular signifi- 
cance may be attached to any one Ri, 
j =1 to n, being zero -valued. This only 
indicates a certain symmetry in the 
network output 0 and 1 values with 
respect to the 0 and 1 values of the 
particular xi input. For example, see R2 
in the example given above. 

Rik zero- valued. Similarly no particular 
significance may be attached to any one 
secondary coefficient value being zero - 
valued. However, see the following 
case. 

Multiple zero -valued coefficients. While 
no great significance may be attached 
to a single zero -valued coefficient, more 
than one zero -valued coefficient may 
have significance. 
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Fig. 1. The Rademacher -Walsh spec- 
trum of the Boolean function 
f(X)=[x152 + x2X3] 

If the value of any primary coefficient 
Ri,j =1 to n, is zero, and if all the 
secondary coefficients Rik,Ri1, etc. con- 
taining this coefficient subscript j are 
also zero, then (and only then) the 
network input xi is redundant or 
ineffective. 

For example, if the spectrum for the 
function shown in Fig. 1 had been 
evaluated assuming four inputs xi,x2,x3 
and x4 were present, x4 in this particular 
example being unnecessary (redun- 
dant), then (i) the value of all the 
spectral coefficients shown in Fig. 1 

would each be twice as great, corre- 
sponding to the twice -as -many agree- 
ments /disagreements now present in 
the truth -table, but (ii) the coefficients 
for R4,R14,R24 >R34,R124,R134, ,R234 and R1234 
would all be zero -valued. 

It will further be noticed that if a 
necessary input to a logic network 
becomes stuck -at -0 or stuck -at -1 to the 
complete network, this fault will result 
in all the associated spectral coefficients 
becoming zero -valued. 

Certain other restricted zero -valued 
relationships may be formulated. How- 
ever these restricted zero -valued rela- 
tionships do not have such a funda- 
mental importance as cases where all 
coefficients containing a particular 
subscript identification are zero. 

Relationships of the spectral coefficient 
values. Collectively the spectral coeffi- 
cient values define the input- output 
relationships of the complete network. 
The zero -value and the maximum -value 
coefficients have a particular signifi- 
cance, as briefly covered above. 

However, in every case there are 
certain arithmetic relationships which 
exist between the values of all the 
coefficients, but these relationships are 
indirect.* Further, it is known that the 
coefficient values for any function must 
lie in a very restricted set of numbers, 
the actual ordering and signs being the 
specific spectrum for the given func- 
tion. For example, there are only eight 
possible sets of spectral coefficient 

*By the very definition of these coefficient 
values, one is not free to alter the value of any 
one without automatically altering the value 
of others. So the freedom in the range these 
numbers çan collectively take is restricted, 
but in a difficult way to non -mathematically 
express and appreciate. 
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magnitudes (the "positive canonic 
spectra ") to cover all possible logic 
networks with four input variables13. 

The full significance, understanding, 
and potential usefulness of these consi- 
derations are the subject of continuing 
reseazch. Statistical considerations can 
come into this area, as it is not 
necessary to evaluate more than a 
certain percentage of the total spectrum 
in order to define certain functions with 
a high degree of surety. As far as faults 
within networks are concerned, then it 
would appear that any fault which 
propagates to the output will cause a 
dramatic change in the resulting spec- 
trum, and not a minor change in, say, 
one of the higher- ordered spectral 
coefficients only. Thus it may not be 
necessary to consider all the spectrum 
in fault- diagnosis procedures. 

Effect of logic inversion and logic gates 
on spectra 
It would be attractive to be able to 
furnish a simple set of arithmetic rules 
detailing how the spectral coefficient 
values build up as one considers the 
progression through a logic network. 
Unfortunately no such set of rules is 
available to cover all situations. The 
following, however, details some simple 
features for particular cases. 

Logic inversion. A logic inversion 
(NOT) of a Boolean function changes 
the sign of all spectral coefficient 
values, Thus the spectrum of a function 
before and after an inverter gate is 
related by sign changes only, which 
mathematically may be regarded as 
multiplying the spectrum by -1.0. 
Similarly, the output spectrum from a 
NAND gate is -1.0 times that of an 
AND gate with the same inputs, and 

Fig. 2. Disjoint inputs to a 3 -input OR 
gate. 
Input I = î1Î2X3 
Input 2= g1x2x3 
Input 3= x1x3x4 
Output z = [î2.2.5C3 + .1x2x3 + x /z3Î4] 

1. 

2 

3 

\ 1 +x2 
0.0 0,1 

0,0 

1,0 

1.1 1,0 

. ú 
r2 

/i6 C/ 

2 

Table 2. 

Ro R, R2 R3 
Input 1: +12 -4 -4 -4 
Input 2: +12 -4 +4 +4 
Input 3: +12 +4 0 +4 

and the output spectrum is: 

R4 R12 R13 
0 -4 -4 
0 +4 +4 

-4 0 -4 

R14 R23 R24 R34 R123 R124 R134 R234 R1234 0-4 0 0-4 0 0 0 0 0-4 0 0-4 0 0 0 0 
+4 0 0 +4 0 0 -4 0 0 

+4 -4 0 +4 --4 0 --4 +4 --8 0 +4 -8 0 --4 o 0 

Table 3. 

Ro R1 R2 R3 R4 R12 R13 R14 R23 R24 R34 R124 R 124 R134 R234 81234 
Input 1: -12 +4 +4 +4 0 +4 +4 0 +4 0 0 +4 0 0 0 0 
Input 2: --12 +4 -4 -4 0 -4 -4 0 +4 0 0 +4 0 0 0 0 
Input 3: --12 -4 0 -4 +4 0 +4 -4 0 0 -4 0 0 +4 0 O 

Output: -4 +4 0 -4 +4 0 +4 -4 +8 0 -4 +8 0 +4 0 0 
This example is illustrated in Fig. 4. 

that of a NOR gate is -1.0 times that of 
an OR gate. 

Output spectrum of an OR gate. Neg- 
lecting for the moment the Ro term, 
which as we shall see is a special case, 
then if and only if the input signals to an 
OR gate are disjoint (that is they have 
no logic 1 minterms in common) the 
output spectrum of the gate is given by 
the arithmetic sum of the individual 
input spectra. 

The Ro spectral components do not 
obey this simple arithmetic summation; 
instead the Ro spectral component of 
the gate output is given by 

m 
E (input Ros) +(m -1)2n, 
1 

where m is the number of inputs to the 
OR gate. The reason for this exception 
can be demonstrated very simply. 

As an example, a three -input (m = 3) 
OR gate with the inputs shown in Fig. 2 
is in the category of an OR gate with 
disjoint inputs. The spectra are given in 
Table 2. 

However, when the input signals are 
not disjoint, and "overlap" occurs 
between logic 1 input minterms, then 
simple addition of the input spectral 
component values is not valid. This, 
unfortunately, is more often the case 
than not in logic networks, unless the 
designer deliberately sets out to make 
all inputs disjoint. 

Output spectrum of a NOR gate. The 
situation with a NOR gate is precisely 
that of the OR gate, except for the 

Fig. 3. The equivalent of an AND gate. 

output inversion which is equivalent to 
multiplication of the output spectrum 
by -1.0. Again, therefore, only if the 
input signals are disjoint can simple 
addition of the input spectra be made. 

Output spectrum of an AND gate. The 
AND relationship can be generated by 
inverter and NOR gates as shown in Fig. 
3. Therefore if, and only if, the comple- 
ments of the inputs to an AND gate are 
disjoint, the output spectrum of the gate 
excepting Ro may be obtained by the 
arithmetic sum of the individual input 
spectra. The output Ro value is given by 

m 
E (input Ras) +(m -1)2^ 
1 

As an example, taking the comple- 
ments of the inputs used in the previous 
disjoint OR of Fig. 2 as inputs to a 
3 -input AND gate, see Table 3. 

Output spectrum of a NAND gate. The 
situation with a NAND gate is precisely 
that of the AND gate, except for the 
multiplication by -1.0 of the output 
spectrum. 

Thus all these OR and NOR, and AND 
and NAND cases now considered are 
special cases, and are therefore of 
restricted use. For the more general 
case, the numerical relationships 
between spectra before and after a logic 
gate are given by matrix manipulations, 
which can readily be handled by a 
digital computer. The cases here consi- 
dered with their simple arithmetic 
relationships are particular cases of 
such manipulations. 

AND 

Y3 

input spe rra L 
input spectra x -1.0 

J 

z-Y1Y2Y3 
output spectrum, 

coefficient values (except R0) 
X [input spectra] 
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x3,x4 

0,0 

0,1 

1,0 

0,0 0,1 1,1 1,0 

Input 

z 

3 

Input2 

Output Z 

Input 3 

Fig. 4. Inputs to a 3 -input AND gate, 
with disjoint complementary inputs. 
Input I =xi +x2 +x3 = NOT5Ed72.3 
Input 2 =xi +x2 +x3 = NOTx2x2x3 
Input 3 =x1 +z3 +x4 = NOTx1x354 
Output z = [(x1 +x2 +x3) (x1 +22 +x3) 
(X1 +x3 +X4)] 

The effect of logical faults, an example 
Any logical fault in a network which 
propagates to the output will cause a 
change in the output spectrum. How- 
ever the change is unlikely to be a 
simple arithmetic change, except in 
restricted cases such as considered 
above. 

As an exercise, consider the simple 
all -NAND circuit shown in Fig. 5. This 
circuit deliberately has no strong char- 
acteristics or disjoint properties which 
might give rise to simple manipulations 
of spectral coefficient values. It is a 

network not strongly dependent upon 
any one or more input parameter. 

The fault -free spectral coefficient 
values at nodes (c), (k) and (o) and at 
the output are as shown in Table 4 

(note, + signs have now been omitted 
for brevity): 

A computer -run of the output spec- 
trum with each individual node 
stuck -at -0 and stuck -at -1 yields the 
output coefficient values under each 
single -fault condition as shown in Table 
5. 

From this tabulation it will be noted 
that all faults which are logically 
distinguishable at the output give rise to 
a distinct output spectrum. In this 
particular network it is sufficient to 

Fig. 5. NAND network, output z = 
[XIx2 +X15c23c-3 +x2X3x4] with internal 
nodes (a) to (o) as the source of potential 
stuck -at -I or stuck -at -0 faults. 

examine the primary spectral compon- 
ents Ra to R4 only to diagnose the fault 
classification, the information con- 
tained in the remaining components 
being unnecessary. However further 
research is necessary to show whether 
this is always so. 

Summary and further research 

The underlying mathematics of the 
Rademacher -Walsh transform, and the 
.advantages of computer -handling of 
data in the spectral domain as compared 
with the Boolean domain, have not been 
covered, as these may be found in 
existing literature. The software for 
computing the spectral component 
values for given circuits, both with and 
without "stuck -at" faults present, is 
straightforward and fast. 

At this early stage of research, the 
outcome and potential of this technique 
in fault diagnosis lies in the future. 

x1 (a) 
2 

x3 

(d ) 

(b) 

(e) 

x,4 

(m) 

( h) 

(9) 

(t) 

(n) 

x1 20C3 
(k) 

(o) 
2x3x4 

o 

3,x4 

0,0 

0,1 

1,0 

0,0 0,1 1,1 1.0 
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Table 4. 

Ro R, R2 R3 R4 R,2 R,3 R,4 R23 R24 R34 R123 R,24 
Node (c): -8 -8 -8 0 0 8 0 0 0 0 0 0 0 
Node (k): -12 4 4 4 0 4 4 0 4 0 0 4 0 
Node (o): --12 0 -4 --4 --4 0 0 0 4 4 4 0 0 
Output z: 2 2 6 --2 2--10 -2 2 --6 --2 --2 --6 --2 

Table 5. 

(a) or (b) stuck -at -0, or (c) stuck -at -1 
8 -4 0 0 4 -4 -4 0 -8 -4 -4 --4 0 

(d), (f) or (h) stuck -at -1, or (e), (g) or (j) stuck -at -0, or (k) stuck -at -1 
6 6 10 2 2 -6 2 2 -2 -2 --2 -2 -2 

(I), (m) or (n) stuck -at -0, or (o) stuck -at -1 
4 4 4 -4 

(a) stuck -at -1 
-4 -4 12 -4 

(b) stuck -at -1 
-6 10 -2 -2 

(d) stuck -at -0, or (e) stuck -at -1 
-2 6 2 -6 

(f) stuck -at -0, or (g) stuck -at -1 
-2 -2 10 -6 

(h) stuck -at -0, or (j) stuck -at -1 
-2 -2 2 2 

0 -1 2 

0 -4 

2 -2 

2 -6 

2 -6 

2 --14 

-4 

--4 

-2 

2 

-6 

2 

0 -4 

0 -4 

2 -6 

2 -10 

2 -2 

2 --2 

0 

0 

-2 

-2 

-2 

-2 

0 

0 

-2 

-2 

-2 

-2 

-4 

-4 

-6 

--2 

-2 

--2 

0 

0 

-2 

-2 

-2 

-2 
(I) stuck -at -1 

-2 2 2 2 

(m) stuck -at -1 
0 0 8 -4 

(n) stuck -at -1 
0 0 8 A 

(c), (k) or (o) stuck -at -0 
-16 0 0 0 

6 -10 

4 -8 

0 -8 
0 0 

-2 

-4 

0 

0 

2 -2 

4 -4 

0 -8 
0 0 

2 

-4 

0 

0 

-6 

0 

0 

0 

-6 

-4 

-8 
0 

-2 

-4 

0 

0 

R134 R234 R1234 
0 0 0 
0 0 0 0--4 0 

--2 2 2 

0 4 0 

--2 2 2 

O 0 0 

0 0 0 

-2 

-2 

2 2 

2 2 

-2 2 2 

-2 2 2 

-2 -2 2 

O 0 0 

O 0 0 

O 0 0 

Fundamentally the spectra contain a 
very high and inter -related information 
content, which must be usable in t Lily 

ways apart from network synthesis 
which has been its main research use to 
date. For fault diagnosis, the following 
are some of the immediate problems 
under consideration: 

Does the spectrum of a fault -free 
network itself provide sufficient or 
partial data for determining diagnostic 
test sequences? 

Can the spectrum of a faulty network 
be used to control automatic diagnostic 
procedures by controlling the input test 
sequences? 

Because all logic functions may be 
grouped into positive canonic spectra 
classfications, can standard test tech- 
niques be outlined for each such group 
of functions? 

Is it possible to compute a useful 
"partial spectrum" by considering only 
a limited number of "agreements - 
disagreements" (see above), instead of 
all 2n? 

How best can the network- under- 
test /computer -interface be engineered? 

Can useful all- hardware (not com- 
puter- based) field test sets be formula- 
ted, for testing relatively small digital 
networks14? 

Do these ideas, even if satisfactory, 
give any advantages over existing 
digital a.t.e. techniques? 

It is hoped that this introductory 
article may stimulate continuing 
research in this new area. 
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turns off and has no further effect on 
the VU circuitry. Diodes D3 and D4 
isolate the two VU circuits from each 
other and also prevent Trio from being 
driven into conduction on negative 
half -cycles. 

A further point about the VU system, 
which should have been emphasized in 
the original article, is that the 10k02 
resistor and germanium diode associat- 
ed with the meter itself are only 
relevant if inexpensive milliammeter 
movements are fitted. If professional 
VU meters are used, which contain 
internal bridge rectifiers, the above 
components are unnecessary. 

Because the amplifier is already fitted 
with a relay that switches off the main 
outputs, it is simple to add a socket for 
remote muting. Fig.4 shows part of the 
original rumble -gate system, together 
with the new components required. All 
that is involved is the closure of a switch 
between the base and emitter of Tr29 so 
that the transistor turns off and causes 
the relay contacts to open. Note that, 
like the switch -on delay, this facility 
overrides all other control functions. 
The resistor and diode are included to 
protect the circuit if a wrong connec- 
tion to the remote- muting socket is 
made. As the control lead only handles a 
small direct voltage the audio signal 
cannot be degraded. 

Reference 
Butler, F. Transistor wide -band cascade 
amplifiers, Wireless World, March 1965, 
pp.124 -128. 

Printed circuit boards 
A p.c.b. which accommodates a 
stereo rumble and scratch filter, 
virtual earth mixer, and meter surge 
suppression circuit, will be available 
for £3.50 from M. R. Sagin at 23 
Keyes Road, London N.W.2. 
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Broadcast stereo coder 
3- Setting up 

By Trevor Brook, Surrey Electronics 

In this setting -up procedure 0dB level 
refers to 0.775V. 
-With the coder in mono, set A and B 

gains, by means of R44, R54, so that 
0dB input at 1kHz gives -7dB at the 
output. Check that the amplitude 
response is +0.5, -1.0dB from 20Hz 
to 15kHz relative to the 1kHz level for 
each channel. 

For measurements near 15kHz, a fre- 
quency counter will prove most useful if 
the audio signal generator calibrations 
are not accurate. 
-With a grounded crocodile lead on the 

"oscillator defeat" pin, IC3 pin 6, 
check the distortion for each channel 
with 0dB output at 1kHz. A reading of 
better than 0.03% will confirm that all 
is well. 

-To align the 38kHz path, set presets 
R23, R32 and R87 to mid -position and 
remove the "oscillator defeat" link. 

-Looking at the output of IC5, pin 6 on 
an oscilloscope, adjust R23 for a rough 
null in 19kHz content on the 38kHz 
waveform. 

-Connect a nulling distortion meter, 
tunable to 38kHz, to pin 4 of IC10. 
(Many distortion meters only cover 
up to 20kHz, but generally they are 
easily modified by soldering an extra 
parallel resistor in each arm of the 
null bridge so that the upper fre- 
quency becomes 40kHz. For the job 
here accuracy is not very important; 
all that is required is good rejection of 
the 38kHz so that the remaining 
19kHz component can be nulled.) 
Looking at the distortion meter 
output on a 'scope adjust R32 and R87 

alternately to achieve the best rejec- 
tion of 19kHz. 

-Final trimming of R23 as well should 
leave no 19kHz visible amongst the 
noisg, and better than 60dB below the 
38kHz level. 

-The 38kHz amplitude at this same 
point may now also be checked as 
+8dB ±0.5dB. 

-With the oscillator system now set up 
properly the distortion of the 19kHz 
at pin 6 of IC3 can be checked as below 
0.1 %. 

-Switch the coder to stereo and look at 
the 38kHz at the output, with only the 

A practical design for a high quality 
coder suitable as a test instrument 
was described in the April & June 
issues. Apart from the audio filtering, 
inductors have been avoided and a 

compact board layout produced. A 
v.h.f. unit, for servicing checks on 
receiver performance, could also be 
used by demonstration showrooms to 
feed programmes of their own choice 
to stereo tuners. 

Part 1 examined the stereo multi- 
plex system and established tolerance 
limits for signal components. Channel 
separation was considered as this 
would assume increased importance 
if a matrix system of surround sound 
broadcasting were adopted. Part 2 
gave construction details and align- 
ment details follow in this part. Part 4 
gives modifications to the Portus and 
Haywood decoder to provide a low 
distortion reference decoder. 

S switched on at the d.i.l. switeh. 
Adjust for minimum carrier with R22. 

Using broadband metering the 38kHz 
null will be masked by the residual 
76kHz generated by IC10, which does 
not null out. 

.89 

-Feed 1kHz at around 0 to +6dB into 
the left channel and defeat the 
oscillator. Still with only S switched 
on adjust R23 for a null of audio leak 
through in IC10. 

-Allow the oscillator to run and feed 
1kHz at 0dB into the left channel with 
A, B and S turned on at the d.i.l. 
switch. Lock the 'scope to the audio 
and adjust R72 for the roughly correct 
M/S amplitude relationship seen in 
Fig. 11(a). 

-Repeat for the right channel input but 
this time leave R72 alone and adjust 
the B difference pot, R59. 

-Switch the pilot on at the d.i.l. switch 
and, with no audio input, set its level 
to -21dB at the coder output, using 
R16. 

-Feeding 1kHz at around -10dB into 
either left or right channels, turn on 
only the S and pilot at the d.i.l. switch. 
Locking the 'scope to the audio 
should display an "eye" pattern, as in 
Fig. 11(b). The correct pilot phase is 
when the eye appears symmetrical 
and this is more easily seen with some 
vertical magnification arranged as 
shown in Fig. 11(d). Resistor R14 

adjusts the pilot phase and the effect 
of a slightly incorrect setting is seen 
in Fig. 11(e). 

Table 2: Measurements on prototype coder 

No pre- emphasis 
Frequency response +0.5 dB, -1.0 dB 
!Rejection of 19kHz 
!Rejection of frequencies above 19kHz 
Crosstalk at 20' C 20Hz -15kHz 
Crosstalk 10-40"C 20Hz -15kHz 
Residual 38kHz 
Pilot phase accuracy 
Beat tone distortion, 15kHz full M, 

full S or L or R overdriven 6dB 
Spurious responses above 53kHz, full M, full S or L or R overdriven 6dB 

sidebands of 57kHz 
carrier and sidebands at 76kHz 
carrier and sidebands at 152kHz 

Measurements using reference decoder (part 4) and 50:ßs de- emphasis: 
harmonic distortion, 1kHz full M, S, L or R 

signal -to -noise ratio, 20Hz to 15kHz, mean reading meter, unweighted 
mono 
stereo 

20Hz to 15KHz 
68dB 
58dB 
55dB 
45dB 
50dB 
1° 

0.1% 

-63dB 
-48dB 
-84dB 

0.04% 

79dB 
71dB 
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20 40 
d.c. 

60 80 

Fig. 11. Correctly set -up coder, with full 1kHz 
A signal and no pilot is seen at (a) which 
indicates the flat zero line. The pilot phase 
"eye" is at (b), with only S and pilot, while 
(d) shows the zero crossing region of (b) 
magnified virtually by a factor of 100 - (e) is 
the same but with an incorrect pilot phase 
setting. Zero line ripple at (f), with full 1kHz 
A signal, is obtained by X100 vertical gain 
and clipping amplifier shown in Fig. 12. 
Result on zero line ripple of low S amplitude 
is at (g), while (h) shows too high an S 
amplitude in wrong phase. Photo (c) is of 
composite multiplex signal with pilot and 
full 1kHz signal. Zero-line ripple at (i) is that 
obtained for 15kHz with coder correctly set 
up. Spectrum analyser photo at (j) shows 
noise spectrum when in stereo mode but 
with no audio. Pilot at 19kHz and main 
spurious response - 76kHz at -48dB can be 
seen. Stereo spectrum with A overdriven by 
6dB with 1kHz is at (k) and with 15kHz at (I). 

Analyser measurements were performed by 
Marconi Instruments TF 2370, 50Hz band- 
width, direct into 502 input via 3.3120 
resistor, not using high- impedance probe. 

40 

50 

60 

70 

20 40 
d. c. 

60 80 

-Pilot amplitude and phase adjust- 
ments are very slightly interdepen- 
dent, so repeat the last two adjust- 
ments. 

Clipping amplifier 
If all is well to this point, then channel 

separation will exceed 40dB at 1kHz, 
but to see the M/S amplitude and phase 
error more easily for greater separa- 
tions requires x 100 vertical magnifi- 
cation compared with that in Fig. 11(a). 
Some 'scopes may manage this without 
overloading, but most do not so a useful 
amplifier and clipper circuit is given in 
Fig. 12. This is simply a 20dB amplifier 
with diodes arranged to bring the gain 
below unity as soon as the output swing 
exceeds 0.6 volts. The amplifier has 
quick recovery from the clipping so 
does not degrade the interesting zero 
voltage area of the stereo waveform. 

The clipping amplifier can conven- 
iently be built on a scrap of Veroboard 

Wireless World, October 1977 

20 40 
d. c. 

60 80 

and placed inside a metal 35mm film 
can. The output resistor stops r.f. 
instability when driving capacitive 
loads in the clipping condition. Used in 
conjunction with a directly- coupled 
'scope giving 20dB gain (which should 
not cause overloads) and at least 5MHz 
bandwidth, the required x 100 magni- 
fication with low phase shift is achieved 
and a correct stereo waveform appears 
in Fig. 11(f). 
-Using the clipper arrangement repeat 

first two items in column 3, page 89. 
The only limitation to correct setting 
should be the noise along the zero line 
of the waveform. Figure 11(g) shows the 
in -phase zero -line ripple caused by low 
S signal amplitude corresponding to a 
loss in S of 2.7%. 
-Now change the input frequency to 

15kHz and adjust the M/S phase 
accuracy (C26 adjusts for the A and 
C28 for the B channel). 

Phase errors appear on the 'scope 
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3k3 

33k 

3k3 
-v 

1 
1N914 

3p3 

330 

Fig. 12. Amplifier with 20dB gain and 
clipping arrangement to allow large vertical 
magnifications of the zero -voltage region 
without overloading oscilloscope Y ampli- 
fiers. 

display as a sine -wave zero -line ripple 
shifted in phase relative to the main 
pattern and Fig. 11(h) shows the 
appearance of amplitude and phase 
errors combined. 
-Check now that M/S accuracy is 

maintained over the whole audio 
frequency range. 
If an audio signal in antiphase and of 

precisely the same level is available the 
initial adjustment can be improved 
upon. 
-Feed antiphase audio at 1kHz into left 

and right channels at 0dB and with 
the A and B signals only switched on 
make a very slight trimming adjust- 
ment to either R41 or R54 so that the 
output nulls. This gives a more 
accurate channel balance than set- 
ting channel gains up on a millivolt - 
meter. 
The audio leakthrough set on p.89 

with the oscillator stopped can be 
adjusted under working conditions for 
the multiplier if a 15kHz low -pass filter 
is available. 
-Connect to the coder output and with 

only the S signal turned on at the d.i.l. 
switch feed left or right input with 
15kHz at + 6dB (or feed both left and 
right with antiphase both at 0dB). 
Potentiometer R23 is adjusted for a 
null in 15kHz leakthrough. Correct 
setting of R23 is important, otherwise 
false settings in R72, C26 and C28 can 
be produced. 
Without a spectrum analyser or 

decoder an estimate of the beat -tone 
distortion may be made with the aid of a 
distortion meter. 
-Continue as above for the audio 

leakage check but switch on A, B and 
the pilot as well as S. Use the 
distortion meter to null the 15kHz and 
some of the beat tones will give a, 
reading below 0.1 %. (This reading is 
only an indication that all may be well 
as no account has been taken of beat 

tones above 15kHz which will be 
heterodyned into the audio range in 
decoding. If a frequency counter is 
available a check can be made that 
the pilot frequency is 19kHz ± 2Hz.) 

-Check temperature stability by feed- 
ing 1kHz at 0dB into the left channel, 
with A, B and S turned on at the d.i.l. 
switch. Lock the 'scope to the audio 
and with the x 100 vertical magnifi- 
cation arrangement view the change 
in relative M/S amplitude and phase. 
With a temperature rise from 20 to 
40 °C the S amplitude should fall by 
0.8 %, i.e. 24mm on a pattern magni- 
fied to 6000mm. 

Allow at least half an hour for all 
components on the board to reach the 
new ambient temperature. What S 
amplitude loss there is can be shown to 
be predominantly due to the balanced 
modulator i.c. by briefly holding a 
soldering iron on its case_ With the 
methods described here no phase error 
between the M and S components 
should be visible over the whole tem- 
perature range +10 to +45°C. Inciden- 
tally it is quite impossible to align a 
coder for channel separation by using a 
decoder, as apparently good separation 
can be achieved on a particular decoder 
with quite the wrong phase and ampli- 
tude settings. 

Three checks on performance can be 
made using a suitable reference 
decoder, such as the modified Portus 
and Haywood design described in Part 
4. Using 50µs de- emphasis the noise 
level referred to 1kHz full level ( -1dB 
at the coder output) should be 

-70dB, unweighted, mean reading 
meter, 20Hz to 15kHz. Again with 
de- emphasis, readings of coder -decoder 
harmonic distortion for 1kHz full A, B, 
M or S should be 0.04% and the 15kHz 
beat tone under the same conditions 
0.35 %. 

Some of the distortion above is 
contributed by the decoder and the only 
satisfactory way of assessing the purity 
of the coder output is by spectrum 
analysis. Figure 11(j) shows the coder 
noise spectrum when switched into 
stereo. The 19kHz pilot tone is at -21dB 
and the slight mark at 38kHz is the 
suppressed 38kHz carrier at -71dB. 
The spurious 76kHz double frequency 
output from the balanced modulator is 
at -48dB. 

Figure 11(k) shows 1kHz in left or 
right channels overdriven by 6dB. The 
baseband signal is at -1dB, normally 
only reached for full M signal, i.e. full A 
and B in phase. After the pilot are the 
two S signal sidebands at -7dB, 
normally only reached for full S signal 
i.e. full A and B in antiphase. Above this 
are two spurious responses, sidebands 
of 57kHz and the 76kHz signal again. 
For 1kHz, the 57kHz components are 
harmless, but for higher audio fre- 
quencies the lower sideband of the pair 
falls into the S signal band. On this 
photo it is also interesting to notice the 
slight noise modulation effect (about 
4dB) which only becomes visible when 

the S signal is within 3dB or so of full 
amplitude. 

Figure 11(1) shows the situation as 
above (6dB left or right overdrive) but 
with 15kHz input. Apart from the lower 
sideband of 57kHz, 42kHz at -64dB, 
other minor beat tones are visible at 
4kHz, -67dB, and 7kHz, -68dB. The 
line at 27kHz seems to have been a noise 
peak, since it bears no obvious arith- 
metical relationship with the fre- 
quencies involved and does not appear 
in other photographs taken at the time. 
The 42kHz component will demodulate 
to 4kHz at -63dB in the left and right 
channels and this would indicate a beat 
tone figure for the coder of 0.1 %, and 
with 50µs de- emphasis 0.07%. 

Not covered on the photographs, the 
only component observed above 
100kHz was 152kHz and associated 
sidebands at -84dB. For decoder and 
receiver measurements the 76kHz out- 
puts are not troublesome - the pre- 
sence of odd harmonics would have 
been more worrying - but for some 
purposes the use of a precision multi- 
plier might be desirable. 
To be concluded. 

Correction. In the circuit diagram (on 
page 76, June issue) capacitors C25 and 
C26 should have been shown earthed, 
rather than returned to the -15V rail, 
and C28 shown variable. The G lead 
should have R77 inserted, and the 
junction of C18 and 1139 should connect 
to lead B. Resistor R75 should be taken to 
the upper end of R59, and not Tr8 emitter, 
which itself should connect to Tr9 
collector through a 33µF capacitor. 
Emitter of Tr8 should have R91 connect- 
ing it to the -15V rail. Capacitor C22 

should be short- circuited. In the com- 
ponents list R49 is 47k0, R81 is 3.3kg, and 
C6 is 4.7µF ± 1% and not 47µF. Resistor 
R8 can be 2 %. 

Books Received 

Radio TV & Audio Technical Reference Book 
edited by S. W. Amos. 
This chunky reference (60mm thick) is the work of 
31 contributors who have written 35 chapters using 
information provided by 47 companies. The result is 
a very comprehensive publication which is directed 
at the technician or student. Most of the 
information is presented in a practical form with a 
minimum of mathematics and all of the symbols in 
the diagrams conform to the recommendations of 
BS3939. 

The first few chapters deal with fundamentals of 
electronics and following chapters cover specific 
topics such as antennas, sound receivers, test 
equipment and radiotelephone communications. 
There are four chapters dealing with installation 
and servicing of transmitters, receivers and tape 
recorders. The final two chapters discuss electrical 
interference suppression and formulae. Although 
the price of £24.00 makes it an expensive purchase, 
the large amount of information (all in one place) 
makes it a worthwhile addition to any technical 
bookshelf. Newnes Butterworth, Borough Green, 
Sevenoaks, Kent. 
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New 
Products 

Super woofer 
The JR 'super woofer' is an add -on bass 
unit which will extend the low- frequen- 
cy range of a conventional speaker 
system. A bass driver unit is mounted at 
the bottom of a cylinder which has two 
tensioned end caps. Frequency response 
is down to about 30Hz and an adjustable 
attenuator gives an 8dB range for 
sensitivity control. Because low audio 
frequencies contain little directional 
information, only one unit is 'required 
for a stereo system. Also', the enclosure 
does not need to be placed centrally 
betweeen the existing speakers but can 
be positioned to one side or even out of 
sight. The complete unit has been 
designed as a piece of furniture and we 
understand that it has undergone the 
"rattle test" using the enclosure as à 
coffee table with an empty cup and 
saucer on top. The cylinder is mounted 
on castors and matches the existing 
JR149 speakers. 

Power rating is 60W sine wave and 
the impedance is 8l at 120Hz. Outside 
dimensions are 50cm diameter by 47cm 
high. 

We understand the super woofer will 
be shown at the Audio Fair (September 
12 to 18). JR Loudspeakers, 114 Ashley 
Road, St. Albans, Herts ALI 5JR. 
WW301 

L.f. function generator 
A low- frequency function generator, 
the Philips PM129 from Pye Unicam, 
covers the frequency range 0.001 Hz to 
1MHz and provides low distortion sine, 
square or triangle waveforms which can 
be varied by amplitude, frequency, 
d.c. -level and duty cycle. The output 
frequency is set by a linear scale over 
eight ranges and can be normal, swept 
by an internal ramp signal or modulated 
internally by a 2Hz to 20kHz tone. 
Single -shot outputs may be initiated by 
pushbutton control, a variable peak -le- 
vel control or by external t.t.l. signals. In 
its burst mode the number of cycles in 
each burst can be varied over a 10:1 

ratio. This mode can also be controlled 
by an external t.t.l. signal. The 

generator has a maximum output of 
30V into 5052, and can be step- attenua- 
ted down to 60dB. A variable 0 to 20dB 
amplitude control shows approximate 
output levels. Pye Unicam Limited, 
York Street, Cambridge, CB1 2PX. 
WW 302 

Low -profile connectors 
Two polyester- moulded connector 
ranges, the series 556 (0.150in pitch) and 
the series 554 (0.156in pitch) from 
U.E.C.L., provide single- or double -sided 
assemblies with a choice of contact 
form, type of termination, quality of 
plating finish and mounting. All 
contacts are readily replaceable from 
the connector face, in the event of 
contact failure, but are securely 
retained within the moulding by means 
of a spring on the contact shank. Series 
556 offers from 5 to 56 ways single -sided 
and 10 to 112 ways double- sided, and 
series 554 provided 5 to 54 single and 10 
to 108 double. Contact faces available 
are cantilever or inverted (bifurcated) 
bellows. Other specifications include a 
nominal current rating of 5A per 
contact, a contact resistance of 10m0 
and an operating range of from -55 to 
+ 100 °C. Ultra Electronics (Compo- 
nents) Limited, Fassets Road, Loud - 
water, Bucks. 
WW 303 

WW 302 

WW 301 
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Heavy -duty terminals 
The HD series of heavy duty ring 
terminals has been introduced by H & T 
Components Ltd. The terminals are 
heat resistant up to + 125 °C, and are 
manufactured from drawn -copper tube 
with an electro- tinned finish. Terminals 
are available to suit a variety of wire 
and stud sizes, as well as in a 
pre- insulated version up to 120sq.mm. H 
& T Components Limited, Crowdy's Hill 
Estate, Kembrey Street, Swindon, 
Wiltshire. 
WW 304 

Wow- and -flutter meter 
An automatic wow -and -flutter meter, 
the 6203 from B & K Laboratories, uses 
analogue and digital techniques to 
measure peak flutter and drift in sound 
recording and reproduction equipment. 
It meets DIN45507, IEC386, CCIR409 
and IEEE193. specifications and will 
measure flutter and drift down to 
0.001% and 0.01% peak respectively. 
Flutter measurements are indicated on 
a large moving coil meter and a three 
digit 1.e.d. indication of the selected 
range. Drift measurements are indicat- 
ed on another three -digit l.e.d. display 
with a range from ±0.01% to ±9.99% 
relative to 3 or 3.15kHz as selected. 
Out -of -range and overload indication is 
automatically provided by flashing 

WW 304 
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l.e.ds. Measured times are selectable 
from 0.3, 3 or 30s. A built -in filter is 
employed and a weighting mode is 
available in addition to 0.1/315Hz and 
0.1 /1kHz linear modes. The 6203 has its 
own built -in variable level test signal 
source, which operates at 3.15kHz, and 
an additional 3kHz signal which can be 
used as a function check. Alternating 
and direct current outputs are available 
for level recorders or XY recorders and 
there is also provision for external 
filters. B & K Laboratories Limited, 
Cross Lances Road, Hounslow, Middle- 
sex. 
WW 305 

Waveguide v.s.w.r. 
meters 
The type 22/3 slotted -line standing 
wavemeter, made by Flann Microwave 
Instruments, is one of a series of 17 
models covering the frequency range 
1.72 to 140GHz. The residual v.s.w.r. of 
the series varies from 1.007 for the lower 
frequency models to 1.02 for the higher 
frequency instruments. All of the 
meters are totally enclosed and contain 
tunable probes of variable insertion, and 
a built -in crystal detector with a coaxial 
output. Flann Microwave Instruments 
Limited, Dunmere Road, Bodmin, 
Cornwall, PL31 2QL. 
WW 306 

WW 306 

Printed labels for ics 
Low -cost aids for users of t.t.l. i.cs have 
been announced by Concept Electro- 
nics. The aids, called Stickies, are 
i.c. -sized self-adhesive printed labels 
showing pin -outs for the 61 most 
popular 14 -pin and 16 -pin i.cs. Stickies 
can be used for constructing and 
de- bugging prototypes, fault finding on 
production circuits, or even designing 
p.c.b. layouts. They are also a valuable 
teaching aid. The labels are available in 
sets of 450 and include comprehensive 
instructions and a list of logical 
equivalents which can be used to extend 
the range to cover 86 i.cs. Concept 
Electronics, 8 Bayham Road, Seve- 
noaks, Kent. 
WW307 

Signal generator for hi -fi 
A signal generator has been made 
specifically for the hi -fi and radio 
industry by Radiometer Electronics of 
Copenhagen. The RE101, as it is called, 
is suitable for f.m. /a.m. and f.m. stereo 
receivers and covers the frequency 
ranges of 86 to 130MHz and 0.15 to 
30MHz. The carrier frequency is 
indicated on a five -digit l.e.d. display 
with 10kHz resolution in the v.h.f. range 
and 1kHz in the h.f. range. Intrinsic 
modulation distortion is less than 0.05% 
for f.m. and less than 0.3% for a.m. and, 
because all r.f. sources are shielded 

WW307 

WW 308 
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sensitivity measurements down to 
0.511V can be made. The RE101 has a 
sweep oscillator and a 140dB conti- 
nuously- variable r.f. attenuator provid- 
ing an e.m.f. output from 0.1µV to IV 
r.m.s. Output impedance is 752. 
International Instruments Limited, 
Cross Lances Road, Hounslow, Middle- 
sex. 
WW 308 

Precision resistor 
The K746 is an addition to the Kelvin 
range of precision wire -wound resistors. 
It has tolerances from 1% down to 
0.005% and is aimed at the instrument, 
military /avionic and measurement 
markets. The resistor, which measures 
0.32in high by 0.295in long and 0.lin 
wide, is rated at 200V, 0.3W (at 85 °C) 
and is available with resistance ranges 
of from 5051 to 375k51 in the above 
package size. This is a 1 p.p.m. resistor, 
but there are options of 3, 4 and 5 p.p.m. 
Temperature- coefficient tracking is to 
'/z p.p.m., stability is 25 p.p.m. per year, 
and the range exceeds the environmen- 
tal requirements of MIL -R- 39005. Milex 
Components, 9 High Street,. Yiewsley, 
West Drayton, Middlesex UB7 7SG. 
WW 309 

High- current transistors 
Six Darlington power transistors, from 
Motorola, have high direct current 
gains of 1000 at le = 20A and 200 at le = 
30A. VcE and VcB values are rated at 60, 
90 and 120 for the three transistors in 
each n -p -n and p -n -p group. Types 
Mil 1012, 014 and 016 are n -p -n and their 
complemenatary types are MJ11011, 013 
and 015. They all operate at currents up 
to 30A (Ic) and IA (IB) and have VBE's of 
5V. Total dissipations for the devices, 
which are in TO -3 cases, are 200W at 
25 °C and the operating temperatures 
are from -55 to 200 °C. The devices are 
most suited to general -purpose ampli- 
fier circuits. Motorola Limited, Semi- 
conductor Products Division, York 
House, Empire Way, Wembley, Middle- 
sex HA9 OPR. 
WW 310 

Low noise cables 
Screened cables attached to equipments 
that are subject to vibration are apt to 
pick up electrical noise of the same 
frequency as the vibration and if the 
signal carried by the cable is very small, 
it could be swamped by the noise. 
Waycom Limited have made available . 
two low -noise treated cables which they . 

say will reduce this kind of unwanted 
noise almost to zero. They are the 
CAS85 -22, which is rated up to 85 °C, 
and the CAS250 -22 which is rated up to 
250 °C. Waycom Limited, Wokingham 
Road, Bracknell, Berks. 
WW 311 
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Breadboard system 
Two breadboarding sockets have been 
introduced by Continental Specialities 
Corp. They are suitable for 0.3in and 
06in d.i.l. packages and can be locked 
together to suit any kind of circuit, it is 
claimed. The boards, called the Experi- 
menter 300 and the Experimenter 600, 
provide 94 five -contact, terminals, 
arranged in two rows of 47, plus two 
integral bus -trips for ground and power, 
with 40 contacts on each; a total of 550 
solderless tie -points. The 600 is claimed 
to be the first breadboard to be designed 
for 0.6in devices. It is suitable for 
microprocessors, clock chips, r.a.ms, 
r.o.ms etc. The 300 has been designed 
for any 0.3in d.i.l. package, having six 
pins or more. Both boards will also 
accept virtually any kind of discrete 
components capacitor or potentiome- 
ter. Continental Specialities Corpora- 

tion, 44 Kendall Street, Box 1942, New 
Haven, Connecticut 06509, USA. 
WW 312 

Direct -current motors 
The Escap 22C series of ironless -rotor 
precision motors has now been extend- 
ed to comprise eight models having 
nominal voltages between 3.5 and 36V 
and torque constants from 43 to 462 x 
10 -4Nm per amp. Characteristics of the 
models in the series include linear 
voltage /speed and speed /torque rela- 
tionships; very low rotor inertias (1.5 to 
3.46 x 10 -' sq.kgm); very fast response 
times (18 to 21ms); very low starting 
voltages (from 0.1 V); high efficiencies 
(up to 80 %) and high power to volume 
ratio. Portescap (UK) Limited, 204 Elgar 
Road, Reading, RG2 ODD. 
WW 313 

WW 313 
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L.c.d. multitester 
The LCD900 multitester is a develop- 
ment of the standard multi -test models 
available from Sanwa, but, for any 
setting of its range switch, only the 
selected scale is visible on the liquid 
crystal display. This eliminates the 
possibility of scale misrepresentation. 
The meter has a movement of 501d2 /V 
giving a current sensitivity of 17.5µA 
full scale. Direct voltage measurement 
covers the range 20mV to 1000V, and 
direct current ranges are from 0.3 to 
300mA. Alternating current and voltage 
ranges are 3A and from 10 to 1000V. 
respectively. Resistance ranges are 
from 1 to 1000kli Reading errors are 
between ±3% and ±6% of full scale 
depending on the range and the lifetime 
of the l.c.d. is claimed to be 50,000h. The 
meter movement is protected against 
displacement due to overload and 
shock. Quality Electronics Limited, 47 
High Street, Kingston -on- Thames, 
Surrey KT1 1LP. 
WW 314 

R.f. signal sampler 
The model 4275 is a wide -range, variable 
r.f. signal sampling probe designed for 
spectrum analysis, signal observation or 
frequency counting and control appli- 
cations. The device is suitable for the 
range 2 to 1000MHz up to 1000W, and it 
produces at its BNC port an unrectified 
r.f. sample adjustable between 35 and 
80dB below the main signal. The level of 
the output signal remains essentially 
flat from 100 to 1000MHz and is not 
prone to the gain of typically 6dB per 
octave associated with many conven- 
tional couplers. Once adjusted, the 
output setting can be locked. The 
insertion loss is only 0.1dB to 512MHz 
and 0.2dB to 1000MHz and the v.s.w.r. is 
very low over the whole range of 
frequency and attenuation. Connectors 
for the sampler's main -line are Bird 
Quick- Change QC types which are 
available to mate with most standard 
connectors, and can be readily 
interchanged in the field. Aspen 
Electronics Limited, 2 Kildare Close, 
Eastcote, Middlesex, HA4 9UW. 
WW 315 

Reed vane switch 
The RSV06 consists of a reed switch and 
a magnet, both encapsulated in silicone 
rubber and an acetal case, separated by 
a slot which will allow a ferrous vane to 
pass between them. When the vane is in 
the slot it shorts the magnetic field and 
allows the reed switch to open. In the 
absence of the vane, the magnet closes 
the switch. It is claimed that, with this 
switch, more accurate operate release 
points can be achieved than with the 
conventional reed and magnet system. 
Units with normally -open or change- 
over reeds are available. FR Electronics 
Ltd, Wimborne, Dorset BH21 2BJ. 
WW 316 
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High power source 
drivers 
Eight -stage source drivers from Spra- 
gue are intended as interface modules 
between small -signal logic devices and 
high -current, high- voltage loads, such 
as relays, stepping- motors and lamps. 
Several types are available, capability 
within the range of devices being 
provided for interfacing t.t.l, Schottky 
t.t.l., d.t.l., 5V c.m.o.s. and m.o.s. at 
between 6 and 16V. The devices sustain 
`off' voltages of 50V or 80V and will 
supply load currents of 500mA. Bulletin 
Z -29310 from Sprague deals with these 
devices, series IDN- 2980A. Sprague 
Electric (UK) Ltd, 159 High Street, 
Yiewsley, W. Drayton, Middlesex. 
WW 317 

LCR meter 
Almost completely automatic in opera- 
tion, the Hewlett -Packard 4262A digital 
LCR meter, a 3'/2 -digit instrument, will 
measure capacitance from 0.01pF to 
2000µF, inductance from 0.01µH to 
2000H and resistance from 1m12 to 
20MS2. Loss (D and Q) are determined 
from 0.001 to 20 and from 0.05 to 1000, 
and two successive measurements can 
be compared. The operator must select 
L, C or R and loss parameter and the test 
frequency (120Hz, 1kHz or 10kHz) and 
can then leave the microprocessor in 
the instrument to select the relevant 
range and equivalent- circuit mode. 
Typical error of measurement is 0.2% of 
reading. Test signal is 1V, three d.c. bias 
levels can be selected and both series 
and parallel equivalent circuit modes 
can be selected. Binary-coded decimal 
outputs of value and loss are provided 
and the unit can be made compatible 
with the HP interface bus. Hewlett - 
Packard Ltd, King Street Lane, Win - 
nersh, Wokingham, Berks RG11 5AR. 
WW 318 

De- soldering gun 
The removal of components mounted 
on printed- circuit boards is assisted by 
the Telpro de- soldering tool, which 
possesses the feature of ejection of the 
solidified surplus solder. The joint is 
heated by a soldering iron, the p.t.f.e. tip 
of the tool placed in contact and a 
spring released. Solder is drawn into the 
barrel of the gun, from which it is 
ejected the next time the gun is cocked. 
One -handed operation is possible and 
no vacuum pump is needed. Tele -Pro- 
duction Tools Ltd, Stiron House, 
Electric Avenue, Westcliffe -on -Sea, 
Essex. 
WW 319 

Crystal oscillator 
Designed for use with t.t.l. circuitry, the. 
VXO -1 crystal oscillator from Vero - 
speed provides normal and complemen- 
tary outputs at 1MHz and 2MHz. Tem- 
perature coefficient is 1 p.p.m. / °C and 
the output is a square wave with rise 

95 

WW 321 

and fall times of less than 2Ons. Supply 
needed is 5V at 35mA. Verospeed, 10 
Barton Park Industrial Estate, East - 
leigh, Hants SO5 5RR. 
WW 321 

Instrument cases 
Plastic cases from the Italian firm of 
TEKO are now available from the sole 
U.K. agents, West Hyde. All the cases 
are moulded in ABS and vary in size 
from the Modulo L20 of 5cc capacity to 
the sloping -front Nuova design of more 
than 3000cc. The range of colours is 
very wide and the cases are designed to 
withstand 85 °C. These units are 
additions to the existing ranges of 
plastic /metal Teko cases, which have 
been available for some time. West 
Hyde Developments Ltd, Ryefield 
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Crescent, Northwood, Middlesex HA6 
INN. 
WW 320 

Capacitance meter 
Tranchant say the new ESI model 275 
capacitance meter measures from 1pF 
to 20µF with a maximum error of 0.1% 
and up to 200µF at an error of 0.3 %. It 
also measures dissipation factor in the 
range from zero to unity. The pushbut- 
ton controls select series or parallel 
capacitance, dissipation factor, and 
power, and the seven range rotary 
switch is augmented by three l.e.ds 
which show which of the three parts of 
the range the meter is operating in. 
Tranchant Electronics (UK) Ltd, 100a 
High Street, Hampton, Middlesex, 
England. Telephone 01 -979 0123. 
WW 322 
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by mixer 

Bath time with the 
Rent Act 
I must say, I felt a pang of sympathy 
with businessmen everywhere when I 

read this circular about the trouble they 
have in keeping up with the information 
explosion. But they need worry no 
more, for help is at hand. 

According to the circular, all they 
need do is buy a cassette player and 
some recorded cassettes at up to £7 
apiece and sit, or rather lie, back in 
comfort. They will then be able to 
occupy their, otherwisé idle, leisure 
moments with a soothing rendering of 
"Inflation accounting - the Sandilands 
proposals" or a beautifully -played 
divertissement on "Capital transfer 
tax." 

The circular suggests that this can be 
done anywhere - driving, relaxing or in 
the bath. Well, I don't know about that! 
By the time you've sunk the empty 
shampoo bottle a couple. of times and 
made the sponge float right to the end of 
the bath and bounce all the way back 
again, there isn't a lot of time left for 
entertainment. But I dare say you could 
fit in a quick blast of "The employment 
protection act" before the water gets 
too cold. 

Not long to '84 
Those of us who are of an enquiring 
turn of mind will be enchanted to hear 
that one can now possess one's very 
own lie detector. It is called the Mark 
IX by its American (who else ?) makers 
and one is prompted to ask whatever 
happened to the other eight, except that 
they probably wouldn't tell. Actually, I 

received a handout leaflet on it last 
May, but ever since then I've been 
trying to decide whether to laugh or cry 
about it. Since one of the uses suggested 
by the makers is to determine "the 
credibility of the people you deal with in 
business," it seems more appropriate to 
laugh than cry, particularly if the kind 
of people I deal with are at all prevalent. 

Well, just imagine, if you will, a 
conversation between one of our 
weasel- faced, news- hungry reporters 
and the managing director of Tutchitt 

and Bellow, makers of high- voltage test 
equipment. 
W -f, n -h r: "Ah! Hello there, Dr Tutchitt. 
A question on your new gigavolt test 
set, if you have a minute." 
Dr T: "Certainly, my boy. Always glad 
to talk to Wireless World." 
W -f, n -h r: "You say in your hand . . . 

press release that it is better than 
anything ever seen either here or in the 
States before. Can you positively 
confirm that ?" 
Dr T: "I think I can say, without any 
fear of contradiction, that this fine new 
monument to British ingenuity is a 
breakthrough in the field of ... er . . . 

what was it? . . . voltage testing. It 
demonstrates a new insight into the 
philosophy of non -destructive investi- 
gation of.... ". 
W -f, n -h r: "Er ... Dr Tutchitt, the . .. er 
... light on my Mk IX Electronic Lie 
Detector is going berserk. Maybe you'd 
like to modify what you were saying." 
Dr T: "Oh! Well, all right then. We 
cribbed it from a Japanese one and it's 
cheap to make. That all right ?" 
W -f, n -h r: "Thank you, sir. I appreciate 
your ... er . .. frankness. Goodbye." 

No, I think not. Besides, we all need 
our illusions. 

Double Dutch 
Those among you who thoughtthat the 
development of the human species 
stopped at homo sapiens are in for a 
surprise. All those lovely names like 
australopithecus (as Bazza McKenzie is 
known to his mates) and horno 
orientalis did not come to a mundane 
end with homo surbitonis, because 
according to ads. in some Dutch 
magazines, there appears to be a 
demand for electronicus, a kind of 
homunculus with electronic conne- 
xions. The Natuurkundig Laborato- 
rium, for example, is after one. 

Now, smoking dogs are bad enough, 
but this callous and inhuman trapping 
of wild electronici is really the limit and 
has got to stop. In fact, only in Holland 
has it really got started, most hunting 
being carried on around Eindhoven. 
One can only imagine to what depths of 
humiliation these creatures are sub- 
jected. Rumour has it that they are used 
for testing audio equipment - if the 
cowering, cringing thing does not 
shriek in anguish when the gear is 
switched on, it is classified as "me- 
dium -to -high fidelity ", while a tremble 
of sensual delight puts the equipment in 
the hi -fi class. It is said that electronici 
can also be used as "quick- look" 
indicators of accuracy in computer -aid- 
ed designs. The circuit diagram is 
shown to the wretched creature which 
emits either a snarl or a maniacal howl, 
something like a human laugh. The 
snarl appears to mean that the 
computer has got it right, while the 
laugh means "No chance ". What a way 
to use one of God's creatures! 
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(Now I've had another look at the 
advert, it seems that they're wanting an 
electronic engineer. Pity - it would 
have made a spectacular bit of publicity 
for the Sub -human Rights Association.) 

Pull up the ladder 
As a less- than -fanatical motorist, I look 
at the breed of failed grand prix drivers 
who seem ready and willing to risk 
killing themselves or, more important, 
someone else, to gain an extra 100ms 
away from the lights, with something 
approaching disbelief. The average 
driver wouldn't consider, would laugh 
at, the suggestion that he jump off a tall 
building and hope someone would catch 
him, but is perfectly easy in his mind 
when he takes off like a rocket on the 
amber and red and hopes that no one is 
coming across his bows and that if there 
is, he will stop. 

It's as though the real world didn't 
exist - an illusion fostered by the array 
of car radio and tape gear one can now 
buy (in -car entertainment, to use the 
current pidgin). The feeling seems to be 
that if you can hear Terry Murrayburn's 
happy chatter, nothing can harm you, 
unlikely as that proposition may seem 
to popphobes. A recent handout from a 
car radio maker or, rather, from his 
publicity firm, reads "what we, as 
motorists, are interested in is protecting 
and improving our internal environ- 
ment ..." 

So that's it, then. It's all out in the 
open. All pretence can now cease. There 
is no need to give a tinker's about the 
old lady we have just sent spinning like 
a top with a careless flick of the wheel, 
because we're not really interested. The 
32- tonner poised at a graceful forty -five 
degrees across the junction because 
we're in the way is as chaff compared 
with our internal environment, which is 
being greatly protected and improved 
by wonderful Radio One. It seems to me 
that, with an outlook like that, one's 
internal environment would be far 
better protected and improved by 
staying at home. Or by taking a couple 
of aspirin and a cup of strong, black 
coffee. 

Stolen equipment: The Thames Valley Police 
have asked us to mention the theft of £7,000 
of communications equipment. The stolen 
items are: Microtel wide -range receiver 
model 1200, serial mumber 209, fitted with I.f. 
converter, i.j. reference, level compensator 
and recording facility; frequency converter 
model 1201, serial number 209; carrying case 
model 1204; six waveguide mixers, models, 
1205 -6 to 1205 -11; and a low frequency 
converter. Any reader who can provide 
information on the whereabouts of this 
equipment is asked to telephone Gerrard's 
Cross 8222 or their local police. 
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We provided you with 20,473 variants in 1976. Now you 
can choose from a mere 54.To your enormous advantage. 

As the most experienced suppliers of quartz crystals 
in the business, at ITT we have a fair knowledge of our 
customers' needs. 

And as the biggest manufacturer of quartz crystals 
in Europe, ITT know best how to meet these needs. 

ITT Components now offer a standard range of 
crystals - 54 variants in all - which has been designed 
to meet virtually every requirement. (This does not 
exclude the provision of crystals to special order if 
necessary.) 

In the past, even where specification requirements 
were identical, we treated each order as a separate 
production operation. This was time -consuming for us 
to complete and time -delaying for you where delivery 
was concerned. And it kept costs up rather than down. 

Now, with the aid of a simple data sheet, you can 
order precisely the specification of crystals you require 
- and we can quickly provide it. No longer need you 
specify the exact details of holder, temperature range, 
frequency tolerance over band, adjustment tolerance, 
drive level, circuit condition or marking. Our data sheet 
saves you all this trouble. 

Up with ITT quartz crystals! 

T 
For further information contact: 
ITT Components, Quartz Crystal Division, 
Edinburgh Way, Harlow, Essex CM20 2DE. 
Telephone: 0279 26811. Telex: 81146 

Name 

Address__ 

Company 

Tel: No. 

Components 
WW -076 FOR FURTHER DETAILS 
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LIKE 
HUNDREDS OF 
NEW DORAM 

KITAND 
COMPONENT 
IDEAS FREE? 

BRITAIN'S 
BtST SflLIG 

i 
" 

PAGE 

i 

i 

Doram's new catalogue is one of the great 
events of the electronic year, 64 pages of new ideas 
in construction kits, capacitors, resistors, semi- 
conductors, wires and cables, transformers, plugs 
and sockets, hardware, indicators, switches, radio 
equipment, tools and test equipment, audio 
equipment, books. All top quality and terrific value 
because you can depend on Doram. 

DØFAm 
TAKE THE SHORT CUT. 

IYes, 
please rush my free copy of the new 

I Doram catalogue. I enclose 20p to cover 
I post and packing. 

I 
I 
I 

I 
I 

Name 

Address 

Post to: 

I 
I 
I 
I 
I 

I 
Doram Electronics Ltd., PO Box TR8, "1°' 

1 .1 
Wellington Road Estate, Wellington Bridge, Leeds LS 12 2UF 

WW - 009 FOR FURTHER DETAILS 

ANEW60ÁM5 
AMPLIFIER FROM 

Stirling Sound 

NEW DESIGN 
60 WATTS RMS (± 1dB) ` 
INTO 4 OHMS USING 50V 

WILL OPERATE FROM 20 - 65V 
FREQUENCY RANGE 10 to 50.000Hz 
-3dB at 10Hz: -3dB at 50KHz 
T.H.D. BETTER THAN 0.3% (TYPICALLY 0.1%) 
INPUT -300mV FOR FULL OUTPUT 

Coming between Stirling Sound Power Amplifier Modules SS.140 and 
SS.1 100, the SS.160 fills a well recognised need for this intermediately 
rated unit. It will appeal to those wanting a not -so -large disco or P.A. 
system as well as where there are loudspeakers needing plenty of power to 
drive them. With circuitry developed around a self- centering rail, SS.160 
may be operated from as little as 18 volts supply (output will vary 
accordingly). Because we use heavy -duty components capable of 
operating beyond claimed specifications, you can buy and build with 
confidence. We have also produced a mains power supply unit, SS.360, 
for this new amplifier. 

SS.160 

£8.50 POST FREE Large finned heatsink SS 360 Power Supply Unit 

nc. VAT (post free, Inc VAT 75p) Post free inc. VAT £ 12.7 5 

SPECIAL OFFER 
Bought separately, the SS. 160, the 
heatsink and SS. 360 total E22.00 post 
free, inc. VAT. Buying all three together 
on one order it cos s you (post free and inc. 
VAT) £21.00 

OTHER STIRLING SOUND 
MODULES 
POWER AMPS. Outputs in watts, 
R.M.S. 1dB into 40 

DECODER 

THE POWER SUPPLY UNIT 
YOU WANT IS HERE 
All except SS.312 and SS. 300 are with 

SS.105 5W/13 5/ 30 £3.95 low volt (13 -15V) take -off points for 
SS.110 10W/24V £4.65 pre -amps tuner a /c. 
SS.12020W/34V £5.15 SS.312 12V /lA £6.60 
SS.140 40W/45V £6.50 S S.318 18V /1A £6.95 
SS.160 60W/50V E8.50 SS.324 24V/1A £7.65 
SS.1100 100W/70V E10.50 SS.334 34V/2A E8.75 
TONE CONTROL /PRE -AMPS 55.345 45V/2A E9.98 
SS.100 Active st /bass /treble E3.00 SS.350 50V /2A £11.75 
SS.I O1 St Pre -Amp ceramic £2.75 SS.360 60V /2A E12.75 
SS.102 St P A for mag. P U. £4.45 SS.370 70V/2A E14.75 
UNIT ONE St. Pre -Amp /tr /Bass /Vol/ SS.310/50 Stabilised una, variable 10V 
Bal £9.00 to 50V /2A £17.75 
UNIT TWO As Una 1 but for meg P.U.s SS.300 Add -on Stabilising unit. 10 -50V 

E12.50 adjustable £5.50 
FM STEREO 
SS.203 Phase lock loop with LED £5.25 

PAY ONLY THE PRICE YOU READ AND NO MORE 
All prices quoted include VAT and Goods are sent post free in U.K Owing to the time between 
preparing this ad, and its appearance to the public, prices may be subject to alteration without 
notice. E.Er0.E. 

STIRLING SOUND 
37 VANGUARD WAY, SHOEBURYNESS, ESSEX 

Telephone: Shoeburyness (03708) 5543 
SHOP: 220 -224 West Rd., Westclitton -Sea, Essex SSO 9DF. Southend (0702) 351048 

rTo: STIRLING SOUND, 37 Vanguard Way, Shoeburyness, Essex. 

Please supply 

For which I enclose E 

Name 

Address 

(or pay by Access or Barclaycard) 

WW - 077 FOR FURTHER DETAILS 
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LATEST BARGAINS 
IN TEST EQUIPMENT 

99 

r, 

San'Fi 

Sen-Fi 

Siemens 

wByeA 

Rohde 
scherz 

f9t, 

WW - 080 FOR FURTHER DETAILS 

These are just a few 
of some 150 different 

types of Test 
Instruments and 

accessories from 
the world's leading 

manufacturers now 
available for sale from our 

own stocks. Most items are 
held in England and many 

are only two years old. 
Full details in the new 

Carston list obtainable FREE 
from any of our companies - 

just 'phone 01 -267 4257 or 
circle WW080 on postcard. 

CARSTON 
ELECTRONICS LIMITED 
Shirley House 27 Camden Road London 

NW1 9NR Telephone No. 01 -267 4257 
OR 

Euro Electronic Rent G.m.b.H. 
Bismarckstrasse 114 6100 Darmstadt 

West Germany 
Telephone No. (06151) 87038/39 

OR 
Euro Electronic Rent Benelux B.V. 

Dorpsstraat 20 Nijmegen The Netherlands 
Telephone No. (080) 776644 
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A wide range of small and miniature cases in 

A.B.S. suitable for anything from digital clocks 
to audio consoles. Low cost with discounts TERO MOOULOE Spi 

R = 

y colour. G = Grey. 
Red. V = Sea Green L9th 

Inns 
W1h Hgt 

1 OH 10 50 

20 20 20 TEK L20 X Pk 4 993 0.79 0 70 

30 20 20 TEK L30 X Pk 4 0.93 019 0.70 
40 20 20 TEK L40 X Pk 4 1.06 OM 0.79 
50 20 20 TEK L50 % Pk 4 1.06 OM 0 79 
19 12.5 17.5 TEK S19% Pk 4 0.93 0.79 0 70 

27 12.5 17.5 TEK S27 X Pk 4 0.10 0.79 070 
38 12.5 17 5 TEK S38 X Pk 4 1.06 OM 0 79 
51 
Ass 

12 5 
o18V 

17 5 
aces 

TEK 551 X 
TEK SL8X 

Pk 4 
Pk 8 

1.06 
1.97 

OM 
1.M 

0.79 
1.40 

ï:2 -.., for quantity. MODULOS can be used . , for encapsulation and come with 
TEKS 

p1BA 
. =Z =: P.C. boards. NUOVA have a clear 
; :; front panel. The very popular DESKO 

Ft TEKO are very widely used in both 
production and amateur use. ALBA are cases 
with grills top and bottom, for speakers 
or ventilation. 

E,lenal Internal Printed Cncun Sue 
Mawr. Vertical 

TEKD13 
TEKD14 

135,55,150 
155,58,180 

120,46,130 
135,53,163 

120,130 
135,163 

120.46 
135,53 

TEK A11 
TEK Al2 
TEK A22 
TEK A23 
TEK A33 

LOIN 

198 
198 
198 
198 
198 

NMI 
180 
180 
1M 
193 
180 

TEKO- 
imensons 

All Plasec 1 01 10 50 

80,50,30 TEKPIA TEKPIP 0.60 058 0.51 

105.65.40 TEKP2A TEKP2P 1.01 086 0.76 

15540.50 TEKP3A TEKP3P 1.49 1.27 112 

210,12500 TEKP4A TEKP4P 2b 2.11 186 
MINIMUM ORDER £2.00 

I 

A B 0 E W1qt DESKO loft 10 SO 

161 

215 
311 

95 
130 
169 

45 
65 
65 

60 
79,6) 

40 
45 
50 

1'5 
15 

150 
300 
500 

TEK 362 
TEK 363 
TEE 360 

1.65 
248 
6.21 

1.40 
2.11 
4.43 

1 24 
1.116 

3.91 

WEST HYDE DEVELOPMENTS LTD., RYEFIELD CRESCENT, NORTHWOOD HILLS, NORTHWOOD, MIDDLESEX HA61NN. Phone: Northwood 24941, 26732, 27051 

THERMOSTATIC 
SOLDERING IRONS 

A FULL RANGE FROM 
50 TO 500 WATT 

VariStat irons incorporate a robust, reliable 
differential expansion thermostat which combin- 
ed with a high wattage element gives rapid 
heat -up and close temperature control, adjustable 
over a wide range. 
MODEL 'D' 50 WATT MINIATURE IRON 
Weight 2 oz. 
Bit Size 1 /16 ", 3/32 ",' /9 ", 3/16 ", 1/4" 

Voltage 250 to 12 volts 
MODEL 'M' 50 WATT MINIATURE IRON 
Weight 13/4 oz. 
Bit Size .04 ", 1/16 ", 3/32" 
Voltage 250 to 12 volts 
MODEL 'B' 70 WATT 

if Weight 43/4 oz. 
Bit Size 11 /64" 
Voltage 250 -24 volts 
MODEL 'H' 150 WATT HIGH PRODUCTION 

>i INSTRUMENT 
Weight 6 oz. 

o. Bit Size 3/16", '/4" 3/4", 7/16" 
Voltage 250 -24 volts 
MODEL 'I' 500 WATT INDUSTRIAL 
Weight 13/4" lb. 
Bit Size 7/8" tapered to 1/2" 

Voltage 250 'and '110 volts 

Manufactured by: 

CARDROSS ENGINEERING CO. LTD. 
Woodyard Road, Dumbarton 

Phone: Dumbarton 62655 

WW - 025 FOR FURTHER DETAILS 

Vitality has 
the range 

ti. 
mature and sub -miniature 

Damps, with base configuration or 
wire terminals. standard or 
special, in a wide variety of 
ratings, all at competitive prices. 

Now available from your local distributor: 
Black Arrow Electronics Ltd., BRISTOL (0454) 315824 

Valiant Electrical Wholesale Co , FULHAM 01 -736 8115 

Farnell Electronic Components Ltd., LEEDS (0532) 636311 

Townsend -Coates Ltd , LEICESTER (0533) 769191 

VITALITY LIMITED 
or-tic-ono MINIATL3F7E L.AINP WORKS (EUROPEAN Hß3 
CREI .ERA6 INSTRUMENT CORPORATION 
BEETONS WAY BURY ST. EDMUNDS SUFFOLK tP326RA ENGLAND 

TELEPHONE (0284) 82411 TELEX 81295 

WW - 105 FOR FURTHER DETAILS 
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RETURN OF POST MAIL ORDER SERVICE 
BSR HI -FI AUTOCHANGER 
STEREO AND MONO £17.50 Post 75p 
Plays 12 ". 10" or 7" records, Auto or 
Manual. A high quality unit backed by 
BSR reliability with 12 months ' >>°'`` 
guarantee. A.C. 200/250V. la 

Size 13' -11'Ain. 3 speeds ` ` 
Above motor board 2'in. \ / 
Below motor board 2' /zin. \..- . 4 
with STEREO and MONO CARTRIDGE 
B. S.R SINGLE PLAYER similar to above with stereo cartridge 
and cueing device, large turntable E13.50 
B.S.R. P128 with magnetic cartridge. Balanced arm 
Cueing device Bias Compensator E24.50. Post E 1 

PORTABLE PLAYER CABINET 
Modern design. Rexine covered. 
Vynair front grille. Chrome fittings 
Size 17 e 15 x 8in approx. £4.50 Post 75; 
Motor board cut for BSR or Garrard deck 

HEAVY METAL PLINTHS 
With P V C Cover Cut out for most B.S R £6.50 
or Garrard decks. Silver grey finish Post L1 50 
Model "A" Size 121/2 x 141/4 x 71/2in 
Model -13- Size 16 x 133 a 7in £ 7.50. 
Extra large plinth & coser, teak o, .,d base 
Size 2n" x 17V," x 9" £19.5, tilers only 

COMPLETE STEhEO SYS I chn 
Two full size loudspeakers 133/4 a 10 x 33/4in. Player unit clips 
to loudspeakers making it extremely compact, overall size 
only 133/4 x 10 x 81/2in., 3 watts per channel, plays all records 
33 r. p. m.. 45 r p.m. Separate volume and tone 
controls Attractive Teak finish 
240V a.c. mains £22.50 El carriage 

ELAC HI -FI SPEAKER 
8in. TWIN CONE ,FLAG 

Dual cone plastic roll surround. Large 
ceramic magnet 50- 16,000 c /s. Bass 

. resonance 40 c /s. 8 ohm impedance. òt- 
15 watts. RMS. £5.95 Post 35p 

SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0 -6 HOURS 1,3.30 Post 35p 
Single pole two -way. Surface mounting 
with fixing screws. Will 

for return 
existing Ì wall switch to give light for return home, 

garage, automatic anti- burglar lights, etc 
Variable knob. Turn on or off at full or 
intermediate settings. Brand new and fully 
guaranteed 

TEAKWOOD LOUDSPEAKER GRILLES will easily lit to baffle 
board Size 10V x 7Yain -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 91/2 x 3 x tin. approx. 
S.A.E. details Full instructions supplied. AC mains powered 

VOLUME 
CONTROLS 

5kO to 2Mí1. LOG or LIN L/S 
35p. D P 60p. STEREO L/S 
85p. D P. E1. Edge 5K. S P. 

Transistor 45p. 

80 Ohm Coax-80 yd. 
FRINGE LOW LOSS1511 yd. 

Ideal 625 and colour 
PLUGS 10p. SOCKETS 10p. 
LINE SOCKETS 18p. 
OUTLET BOXES 50p. 

ELAC 9 x 5in HI-FI £3.45 SPEAKER TYPE 59RM Post 35p 
This famous unit now available 10 watts, B ohm 

E.M.I. 13'/2 x Bin. SPEAKER SALE! 
With tweeter and Ditto 
crossover 10 watt t 5 watts 
State 3or8 ohm Rnhm 
As Illustrated. L 1 O. 50 £7.95 Post 45p L blip 

With tweeter and crossover. 20 watt 

Bass res. 25 c s. £11 .50 
Flux= 11.000 gauss Post 75p 
4 or 8 o 15 ohm. 20 to 20,000 c p 

Bookshelf Cabinet 
Teak finish For EMI 13 a 8 speakers 

£8.50 
Post £1 00 

THE "INSTANT" BULK TAPE ERASER 
AND HEAD DEMAGNETISER. Suitable for 
cassettes, and all sizes of tape reels. A.0 
mains 200/250V Leaflet S.A.E. £4.95 
Will also demagnetise small tools. post 50p 

BLANK ALUMINIUM CHASSIS. 6 x 4 -70p; 8 x 6 -90p; 10 
x7-E1.15; 1 2 x 8- £1.35; 14 x 9- £1.50; 16 x 6- E1.45; 16 
z 10- E1.70. ANGLE ALI. 6 z % x '/ein -15p. 
ALUMINIUM PANELS. 6 x 4 -17p; 8 x 6 -24p; 14 x 3 -25p; 
10 x 7 -35p; 12 e 8 -43p; 12 x 5 -30p; 16 x 6 -43p; 14 x 

9 -52p; 1 2 x 12-64; 16 x 10 -75p. 
MANY ALI BOXES IN STOCK. MANY SIZES 
VARICAP FM TUNER HEAD with circuit & connections E4.95. 
TAG STRIP 28 -way 12p. 
TAPE OSCILLATOR COIL. Valve type. 35p. 
BRIDGE RECTIFIER 200V PIV Y amp 50p. 
TOGGLE SWITCHES S P 30p. D P S T 40p. D P D T 50p.. 
MANY OTHER TOGGLES IN STOCK 
PICK -UP CARTRIDGES ACOS GP91 E1.50. GP93 E2.50. 
SONOTONE stereo £2.00. SHURE M75 ECS E8. 

R.C.S. SOUND TO LIGHT KIT 
Kit of parts to build a 3 channel sound to light onI 
1.000 watts per channel. Post 35p. £14. 
Easy to build. Full instructions supplied Cabinet £3. 

R.C.S. LOW VOLTAGE STABILISED 
POWER nPACK KITSerdiode, £2.95 
printed circuit rectifiers and double wound Post 45p 
mains transformer. Input 200/240V a.c. 
Output voltages available, 6 or 7.5 or 
9 or 12V d.c. up to 100mA or less. Size 3 x 21/2 x Thin. 
Please state voltage required. 

R.C.S. POWER PACK KIT £3.35 12 VOLT. 750mA. Complete with printed 
circuit board and assembly instructions. Post 30p 
12 VOLT 300m4 KIT E3.15. 9 VOLT 1 AMP KIT, £3.35. 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER - BRITISH MADE 

Ideal for Mike, Tape, P.U.. Guitar, etc. Can be used with battery 
9 -12V or H T line 200 -300V d.c. operation. Size. 13/4 a 1'4 e 
Sin Response 25 c/s to 25 kc /s. 26 dB gain. 
For use with valve or transistor equipment. £ 1.45 
Full instructions supplied. Details S.A.E. Post 30p 

RCS DRILL SPEED CONTROLLER /LIGHT DIMMER KIT. 
Easy to build kit. Will control up to £3.25 Post 35p 
500 watts AC mains. 

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 mixers. 

£2.95 Post 35p 

MAINS TRANSFORMERS ALL P 

ST. 
250- 0-250V 70mA, 6.5V, 2A £3.45 
250- 0-250V 80mA, 6.3V 3.5A, 6.3V 1A or 5V 2A £4.80 
350- 0-350V 80mA, 6.3V 3.5A, 6.3V 1A or 5V 2A £5.80 
300- 0 -300V 120mA, 2x6.3V 2A C.T.; 5V 2A £8.50 
220V 45mA, 6.3V 2A £1.75. 
HEATED TRANS. 6.3V '/: amp El; 3 amp £1.40 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputsat 2 
amp. 3, 4; 5. 6, 8, 9, 10, 12, 15, 18, 25 and 30V £5.30. 

1 amp. 6, 8, 10, 12, 16, 18, 20, 24, 30, 36. 40, 48, 60 
£5.30. 2 amp, 6, 8, W, 12. 16, 18, 20, 24, 30, 36, 40, 
48, 60 E8.50. 3 amp. 6, 8, 10. 12, 16. 18, 20, 24, 30, 
36, 40, 48. 60 E11.00. 5 amp. 6, 8, 10, 12, 16, 18, 20, 
24, 30, 36. 40, 48, 60 £14.50. 12V 100mA E1, 9V 1 

amp. £1, 12V 300mA, £1, 12V 750mA, E1, 10V, 30V. Ç 40V, 2 amp E2.75, 20V, 3 amp., £2.45, 
40V, 2 amp., £2.95, 30V 5A and 34V 2ACT E3.45, 0, 5. 
8, 10, 16V, yz amp., £1.95, 20V 1/2 amp.. £1.75. 20V, 1 

amp., £2.20, 20V 3 amp., E2.50, 20 -0 -20V 1 amp., 
E2.95. 30V 11/2 amp , £2.75; 20V, 40V. 60V or 
20- 0 -20V. 1 amp. E3.50. 30 -0 -30V 3 amp E7. 
2X 18V 6 amp, E11.00. 
AUTQ TRANSFORMERS. 115V to 230V or 230V to 115V 
15 £5; 250W £6; 400W £7; 500W E8. 
FULL WAVE BRIDGE CHARGER RECTIFIERS. 
6 or 12V outputs, 11/2 amp 40p; 2 amp 55p; 4 amp 85p. 
CHARGER TRANSFORMERS. 11/2 amp £2.75; 4 amp. £4.80. 
12V 1'/24 HALF WAVE Selenium Rectifier, 25p. 

R.C.S. q 

BOOKSHELF 
SPEAKERS 
13x 10x6in 
50 to 14,000 cps 
B watts rms. 4 8or 16 ohms. 

£16 pair Post E1 30 

KUBA -KOPENHAGEN 
STEREO t: 

TUNER- AMPLIFIER CHASSIS AM -FM 5+5 WATT 
This Continental 4 -band radiogram chassis uses first class quality 
components throughout. Features: Large facia panel with 7 push 
buttons for medium. long, short, VHF -FM, AFC, phono, mains 
on -off. 4 -rotary controls, tuning, volume, tone. balance. Facia size 
17 x 41/2 inches. Chassis size 17 X 41/2 X 51/2 inches. 
DIN-connector sockets for tape record /playback, loudspeakers, 
phono pick -up, external FM -AM aerials. Automatic stereo beacon 
light. Built -in ferrite rod aerial for medium /longwave. 
A.0 240V mains. Circuit supplied. £33.50 Above speakers are suitable Poet E1 50 

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/500V £1.30 
2,500mF 50V 62p; 3000mF 25V 470; 50V 65p. 
3900mF 100V £1.60. 4700mF 63V E1.20. 
5000reF 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, 1 pF to 0.01 mF, Sp. Silver Mica 2 to 5000pF. 5p. 
PAPER 350V -0. t 7p; 0.5 13p; ImF 150V 20p; 2mF 150V 
20p; 500V -0.001 to 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 500; 500pF standard 75p; 
365 + 365 + 25 + 25pF. Slow motion drive 65p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V. Amber or red 30p. 
RESISTORS. ' /.W. ' /zW, 1W, 20% 2p; 2W. 10p; 100 to 10M. 
HIGH STABILITY. ' /2W 2% 10 ohms to 6 meg., 12p. 
Ditto 5% Preferred values 10 ohms to 10 meg., 5p. 
WIRE -WOUND RESISTORS 5 watt. 10 watt, t 5 watt. 
10 ohms to 100K 12p each 

101 

BAKER MAJOR 12" £15.00 
+' -- Post E1 00 

er 30- 14.500 c /s. 12m. double cone. 
woofer and tweeter cone together 

s Y with a BAKER ceramic magnet ,. ,assembly having a flux density of 
14,000 gauss and a total flux of 
145.000 Maxwells. Bass resonance 

Rated 40 c/s. Rated 25W.N - 4or8or 
i, 16 stated. e. le 

``"+,' odule kit. 30- 17.000 c/s with 
,- 

baffle 
ter, crossover, 

nd instructions. Post E1 60 each 
Please state 4 or 8 or 15 ohm 

KER "BIG -SOU D' KERB. Post £..Oéch. 
'Group-25- 'Group 35' 'Group 50/15' 

12in 1 in. 15in. 
30W £12.00 - rw £14.00 75W £26.00 
4 or8or 16 ohm 4or8or 16 ohm 8 o 16 ohm 

BAKER LOUD ' AKER, 12 INCH. 60 WATT. 
,4OR8OR 16 OHM HIGH POWER 

FULL RANGE 
RESPONSE 30- 816.000 CPS 

AL QUALITY. £21.00 
MASSIVE CERAMIC MAGNET WITH Post E1 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 E8.50 Post £ t ' 

For 61/2in. speaker and tweeter 12x8x6in. E5.80 Post 75p 
Many other cabinets in 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 bass 
controls Suits all speakers. This professional quality amplifier 
chassis is suitable for all groups. disco, P A where high quality 
power is required. 5 speaker outputs. A/C mains 'operated Slave 
output socket Produced by demand for a quality valve amplifier. 
100V line output to order. Send for leaflet. 
Su. -.. - ca 

-Horn ïweeters .iRkr/ 10W 8 ohm or 16 ohm 
orn Tweeters 3- 

CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
£1.90. 3 -way 950 cps /3000 cps, E2.20. 
LOUDSPEAKERS P.M. 3 OHM 7x4in. £1.50; 61/2in., £1.80; 
8x5in.. £1.90; 8in.. E1.95. 
SPECIAL OFFER: 80 ohm. 2' /.m.. 2ehin.. 35 ohm, 3in., 25 
ohm, 21/2in.. 3in. 5x3in., 7x4m.. 8 ohm, 21/2in.. 3in., 31/2in.. 
5in.. 15 ohm, 31/2in. dia, 6x4in., 7x4in.. 5x3in., 
3 ohm. , 2'/zm., 2%in., 31/2in.. 5in. dia. £1.60 each. 
PHILIPS LOUDSPEAKER, Bin , 4 ohms, 4 watts. £ 1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 

me e B.bQ10in. diameter 5W £2.95; 
12in. diameter 6W £3.5643/8/15 ohms, please state. 
MM .-ELECTRIC ECTRIC H9R'N TWEETER. Handles up to 100 

watts. No crossover required £7.95. 

£3.60 

Tweeter Volume Control 15 ohms 10W with one inch long 
threaded bush for wood panel mounting. ' /.in spindle. 65p. 

BAKER 150 WATT 
PROFESSIONAL 
MIXER AMPLIFIER 
All purpose transstonsod 
Ideal for Groups. Disco 
and P.A. 4 inputs speech and music. 4 way mixing. 
Output 4 8/16 ohms. a.c. Mains. Separate treble and 
bass controls Master volume control 

Guaranteed. Details S. A. E. 

C3 O O 

baker - 
. _.. ... ..._. 

£72 E1_50carr 

100 WATT DISCO AMPLIFIER 
volume, treble bass controls. 500 M V or 1 volt input 
Four loudspeaker outputs 4 to 16 ohm All transistor £59 .,..e 

GOODMANS COMPACT 
12 -INCH BASS WOOFER 
Standard 12in diameter fixing with 
cut sides 10% square. 14.000 Gauss 
magnet. 30 watts R,M.S 4 ohm imp. 
Bass resonance = 30 cps. 
Frequency response 30 -8000 c.p s. 

£ 10.95 each Post £ t 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
Sizes 61/2" x 41/2" x 2'/." 95p. 61/2" X 2" X 21/4" 850. 
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 Plugs 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 150 each 
Values = 5. 7 10. 20. 50 100. 200. 250. 470. 2000 ohms. 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1 5V d c operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed Ideal displays, 
teaching electro magnetism or for 

. metronome, strobe. etc. 9511 Post 3Op 

SPECIAL OFFER 
PERIOD LOUDSPEAKER CABINETS. Two styles available, 
Regency and Queen Anne. Size approximately 
34 x 19 x 16ín. These cabinets are slightly soiled and are 
priced from £10 each. Callers only. 

RADIO COMPONENT SPECIALISTS 337 WHITEHORSE ROAD' CROYDON 
Open I Wed. 8-1. Sat. 9-5 (Closed for lunch 1.15-0 N 

Radio Books and Components lists 20p. (Minimum posting charge 30p.) Cash prices include VAT. (We accept Access or Barclaycard. Phone your Order) Tel. 01 -684 1665 
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.4 NRDC-AMBISONIC 45J 
SURROUND SOUND DECODER 

The first ever kit specially 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. and Sept. '77. 
The unit is designed to decode not only 45J but virtually all other 'quadrophonic' systems (Not CD4), including the new BBC Matrix H.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. wooden cabinet, panel, knobs, etc. 

Complete kit, including licence fee £45.00 + VAT 

NEW PRODUCTS! 

INTRUDER 1 RADAR ALARM 
With Home Office Type approval. 
As in this issue of "Wireless World ", designed by Mike Hosking, 240V ac mains operated and disguised as a hardbacked book. Detection range 

up to 30 feet. Complete kit. Exclusive designer approved kit £46.00 + VAT, all ready built and tested £54.00 + VAT. 

Wireless World Dolby 
Trademark of Dolby Laboratories Inc. 

Featuring 

switching for both encoding (low -level h.f. compression) and decoding. 

a switchable f.m. stereo multiplex and bias filter 

provision for decoding Dolby f.m. radio transmissions (as in USA) 

no equipment needed for alignment 

suitability for both open -reel and cassette tape machines 

check tape switch for encoded monitoring in three -head machines 

oise reducer 
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 
0.12% 

Signal -to -noise ratio. 75dB (20Hz to 20kHz, signal 
at Dolby level) at Monitor output 

Dynamic Range >90db 

30mV sensitivity. 

Complete Kit PRICE: £39.90 +VAT 

IAlso available ready built and tested Price £54.00 +VAT, 

Calibration tapes are available for open -reel use and for cassette (specify which) Price £2.20 +VAT 

Single channel plug -in Dolby() PROCESSOR BOARDS (92 x 87mm) with gold plated contacts are available with 
all components Price £8.20. +VAT 

Single channel board with selected fet Price £2.50 +VAT 

Gold Plated edge connector Price £1.50 +VAT 

Selected FETs 60p each +VAT, 100p +VAT for two, £1.90 +VAT for four 

Please add VAT @ 1 21/2% unless marked thus ", when 8% applies (or current rates) 

We guarantee full after -sales technical and servicing facilities on all our kits, have 
you checked that these services are available from other suppliers? 

INTEGREX LTD. 

Lrri 

Please send SAE for complete lists and specifications 

Portwood Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 11 9PT 
Burton -on -Trent (0283) 215432 Telex 377106 

V 
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INTEGREK 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

SOLID MAHOGANY CABINET 
I 

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 /Out facility (for noise reduction unit, 
etc.), THD less 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 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. 

úasfitïl 

Brief Spec. Tuning range 88- 104MHz. 20dB mono 
quieting @ 9.754V. Image rejection - 70dB. IF rejection - 85dB. THD typically 0.4 %. 
IC stabilized PSU and LED tuning indicators. Push -button 
tuning and AFC unit. Choice of either mono or stereo with 
a choice of stereo decoders. 
Compare this spec. with tuners costing twice the price. 

Sens. 30dB S/N mono @ 1.20V 
THD-typically 0.3% 
Tuning range 88- 104MHz 
,LED sig. strength and stereo indicator 

Mono £32.40 +VAT 
With ICPL Decoder £36.67 +VAT 

With Portus- Haywood Decoder 
£39.20 +VAT 

STEREO MODULE TUNER KIT 
A low -cost Stereo Tuner based on the 3302 FET RF 

module requiring no alignment. The IF comprises a ceramic 
filter and high - performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder IC. Pre -decoder 'birdy' filter 
Push -button tuning 

PRICE: Stereo £31.95 +VAT 

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 +VA -1' 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 £8.00 +VAI 
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/Marshall's 
Our range covers over 8.000 items. The largest selection in 
Britain. Top 200 ICs, TTL, CMOS & LINEARS. 

A. MARSHALL (LONDON) LTD., Dept. W.W. 
LONDON - 40 -42 Cricklewood Broadway, NW2 3ET 

Tel: 01 -452 0161/2. Telex: 21492 

GLASGOW - 85 West Regent St., G2 2QD. Tel: 041 -332 4133 

BRISTOL - 1 Straits Parade, Fishponds Rd., BS16 2LX 
Tel: 0272 654201 

CA30204 2.29 LM387N 1.05 SN76003N 2.20 T845000 2.30 C04008 1.10 TIC47 0.67 
CA30284 1.01s LM388N 0.90 SN76008K 1.50 TBA510 2.21 C04009 0.84 BST0246 1.35 
CA3028B 1.29 LM389N 1.00 SN76013N 1.30 TBA510Q 2.30 C04010 0.84 BRIDGE 
CA3030 1.35 LM702C 0.75 SN76013NO 1.50 18452Q 2.21 C04011 0.24 RECTIFIERS 

CA3036 1.10 LM709C 0.65 514780188 1.45 1845200 2.30 C04012 0.24 840C1500 0.48 
CA3045 1.40 LM709N 0.45 SN76023N 1.45 784530 1.99 C04013 0.60 PW005 0.84 
CA3046 0.89 LM710C 0.80 SN76023N0 1.28 TBA530Q 2.07 C04014 1.15 PW01 0.56 
CA3048 2.23 LM710N 0.60 SN76033N 2.20 184540 2.21 C04015 1.15 PW02 0.115 

CA3049 1.80 LM723C 0.85 SN76110N 1.18 18454042.30 C04016 0.64 PW04 0.96 
CA30521.82 LM723N 0.75 SN76115N 1.51 TBA5503.13 C04017 1.15 PW08 1.18 
CA 3053 0.60 LM741C 0.65 SN76116N 1.66 TBA55003.22 OIL SOCKETS K005 2.10 
CA3080 0.75 LM741N 0.40 SN76131N 1.20 TB45600 3.22 8 on 0.15 KO1 2.16 
CA 308041.88 1M7141-80.40 SN76226N 1.56 T84570 1.29 14 pin 0.18 K02 2.48 
CA3086 0.60 LM747CN 0.90 SN76227N 1.20 1845700 1.38 16 pin 0.18 K04 3.12 
CA3088 1.70 LM748-8 0.55 SN76228N 1.41 TBA641Q 2.70 18 on 0.27 KO6 3.58 
CA3089 2.52 LM748N 0.55. SN76530N 0.75 184651 2.20 22 pin 0.30 BY164 0.57 
CA3090 4.00 LM1800 1.76 SN76582N 1.40 TBA700 1.52 24 pin 0.35 
CA3130 0.98 
1M3074 0.67 

LM1808 1.92 
LM1828 1.75 

SN76533N 1.20 
SN76544N 1.44 

TBA7000 1.61 
TBA7020 2.30 

28 pin 0.45 
40 0.55 RAMS 

1M307N 0.40 LM3307N 0.85 SN76545N 1.85 TBA750 1.98 TRIACS MM2101.2N 3.00 
LM304 2.4& 
LM307N 0.65 

LM3302N 0.55 
LM3401N 0.70 

SN76546N 1.44 
SN76550N 0.35 

TBA750O 2.07 
TBA800 1.25 

Plastic 
400V 6A 0.70 

MM2102.2N 2.10 
MM2111.2N 3.00 

LM308N 0.85 LM3900 0.75 SN76552N 0.52 TBA810 1.25 400V 8A 0.75 MM2112-2N 3.00 
LM3091( 1.85 LM3905 1.60 SN76570N 1.65 TBA820 1.25 400V 1240.85 MM74092013 12.57 
LM317K 3.00 LM3909 0.88 SN76620N 0.90 TBA920 2.90 400V 1641.10 
L54318N 2.26 MC1035 1.75 SN76650N 1.10 TBA920Q 2.99 400V 2041.70 ROMS 
LM3236 6.46 MC1327P 1.54 SN76660N 0.80 TBA940 1.82 400V 25A2.00 MM5214 26.95 
LM339N 1.40 MC1330P 1.00 SN76666N 0.92 TCA160C 1.85 THYRISTORS 
LM348N 1.50 
LM360N 2.75 

MC1350P0.90 
MC1352P1.10 

TAA310A 1.00 
TAA320A 1.00 

TC41608 1.81 
TCA270 2.25 

Plastic 
100V 4A 0.35 PROMS 

1M370N 2.60 MC1433G3.30 TAA521 1.00 .TC42804 1.30 200V 4A 0.40 DM 745287 5.33 
LM371H 1.70 MC1435G2.00 T44522 1.90 TC42904 3.13 300V 4A 0.44 MM5204Q 32.30 
LM37251 1.70 MC143712.00 TAA550 0.80 TC44204 1.64 400V 4A 0.49 MM1702AQ 10.80 
LM373N 2.50 MC1439G1.60 144560 1.75 1C4730 3.22 100V 84 0.43 MM27080 35.00 
LM374N 3.10 MC1445G1.95 TAA570 2.30 TC4740 2.76 200V 8A 0.49 
LM377N 1.75 MC1455G1.70 T44611B 1.85 TCA750 2.30 300V 8A 0.56 SC/MPCHIPS 
LM378N 2.25 NE555 0.40 1AA621 2.15 TCA760 1.38 400V 84 0.62 P Channel 12.00 
LM3795 3.95 NE556 1.10 TAA661B 1.50 TCA800 3.13 600V 84 0.74 N Channel 10.00 
LM380-B 0.90 NE565 1.30 T44700 3.91 UAA170 2.00 100V 1240.57 
LM380N 0.98 NE566 1.95 TAA9304 1.30 U44180 2.00 200V124 0.65 80605NT 
LM381AN 2.45 NE567 1.80 TAA930B 1.30 C04000 0.24 300V 12A 0.73 CHIPS 
LM381N 1.60 SAS560 2.50 RAD100 1.95 CD4001 0.24 400V 124 0.81 INS8080A 23.45 
LM382N 1.25 SAS570 2.50 TB120 0.75 CD4002 0.24 600V 124 0.97 DP8224N 6.16 
LM384N 1.45 S042P 1.25 TBA400 2.00 CD4006 1.34 TIC 44 0.32 DP8228D 7.30 
LM386N 0.80 SN76001N1.30 TBA500 2.21 C04007 0.24 TIC 46 0.46 DP8212N 3.08 

We also stock a comprehensive range of capacitors, 
resistors, switches, etc. 
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NEW CATALOGUE 77 
2nd edition for Autumn with over 8.000 line items. Plenty of new products and ideas- 35p post paid !25p 
to callers) 

POPULAR SEMICONDUCTORS (A very small selection from 
our vast stocks. please enquire about devices not listed.] 
AF 139 0.89 2N698 0.62 2N2923 0.14 2N36384 0.16 2N3906 0.22 2N5457 0.32 
AF239 0.85 2X706 0.28 2N2924 0.15 2N3662 0.23 2X3962 0.55 295458 0.33 
ASY28 1.20 2N718 0.27 2N2926G 0.15 2X3663 0.26 2N4058 0.20 2N5485 0.38 
ASY55 0.65 2X914 0.35 2N29-26Y 0.15 2X3702 0.13 2N4060 0.20 25703 3.95 
BC118 0.20. 2X929 0.25 2X3019 0.55 2X3703 0.15 2N4122 0.25 25702 3.00 
BC154 0.27 2N930 0.28 2X3053 0.28 2X3704 0.15 2N4123 0.17 40332 0.55 
BC167A 0.12 2N1132 0.37 2N3055 0.70 2N3705 0.15 294125 0.17 40311 0.50 
BC1678 0.12 2X1483 1.70 2X3108 0.60 293706 0.16 294250 0.24 40363 1.30 
BC169B 0.12 2N1613 0.30 2X3133 0.45 2X3707 0.18 2X4266 0.20 40673 0.75 
BC171B 0.16 2N1711 0.30 2X3392 0.16 2X3708 0.13 2X4284 0.35 AC126 0.45 
BC182 0.11 2N1893 0.38 2X3393 0.15 2X3709 0.15 2N4286 0.20 AC127 0.45 
BC182L 0.14 292060 5.00 2N3417 0.40 2X3710 0.16 2X4288 0.20 AC152 0.50 
BC184L 0.14 292219 0.36 2X3439 0.88 2N3711 0.16 2X4403 0.18 AC153 0.55 
BC212A 0.14 2X2221 0.25 2N 3441 0.85 2X3771 1.95 294822 0.75 AC1B7K 0.60 
BC214L 0.17 2X2222 0.25 2X3553 2.99 2N3773 2.90 2X4916 0.20 AC188K 0.60 
00135 0.37 2N22224 0.25 2X3565 0.20 2X3794 0.20 2X5129 0.20 ACY22 0.80 
8E195 0.15 2N2368 0.25 2X3566 0.20 2X3819 0.36 295192 0.75 ACV30 0.80 
BFX84 0.34 2N2369 0.25 2X3567 0.20 2N3854Á 0.25 2X5222 0.18 AF106 0.55 
BFY 51 0.25 292646 0.75 2N3571 3.70 2N38564 0.25 2X5245 0.34 AF109 0.75 
BSV65 0.40 292905 0.37 2N3572 3.50 2N38594 0.21 2X5447 0.15 AF115 0.65 
21,1697 0.30 2N2906 0.28 2X3638 0.16 2X3905 0.22 2X5449 0.19 

SPECIALIST CONSUMER 

NEW CATALOGUE 
Stocking Distnbwors Officially Appointed 

NATIONAL 
TEXAS 
MULLARD 
SIEMENS 
SESCOSEM 

VERO 
ANTEX 
ELECTROLUBE 
SIFAM 
ARROW HART 

MAKES COMPONENTS BUYING EASY 

Quality components all brand new and fully guaranteed. 
Britain's leading distributors of components to the Amateur Market and 
Consumer Orientated Manufacturers. 

ORDER NOW! 
35p 

Post Paid 
or 

25p To 
Callers 
LARGE 

32 PAGES 
packed 

with over 
8500 

LINE ITEMS 

FULL RANGE OF COMPONENTS FOR PROJECTS AND SPARES 
Prices correct 15 August 1977 but please add VAT p &p 40p 

Z & I AERO SERVICES LTD. 
Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel.: 727 5641 Telex: 261306 

M U LT I M ET E R F4313 (Made in USSR) 

SENSITIVITY: 
1200V DC range: 10,000 0/V 
Other DC ranges: 20,000 0/V 

t ; . 1200 AC range: 6,000 0/V 9 t 600V AC range: 15,000 0/V 
300V AC range: 15,000 0/V 

- - - Other AC ranges: 20,000 0/V. 

AC /DC current ranges: 60- 120- 600uA- 3- 12- 300mA -1 .2 -6A 
AC /DC voltage ranges: 60- 300mV -1 .2- 6 -30 -1 20- 300 -600 -1 200V 
Resistance ranges: 3000- 10- 100.1000K 9 
Accuracy: 1.5% DC; 2.5% AC (of full scale deflection) 

Mirror scale and knife edge pointer. Taut suspension of movement. Transistor 
amplifier is used for all AC ranges thus achieving a common linear scale for both AC 
and DC ranges. 

Meter is protected by a transistorised Cut -out relay circuit. Range selection is 
achieved by Clearly marked piano keys. Power source: 5 1.5V dry cells 
Dimensions: 95 x 225 x 120mm. 

PRICE £39.50 plus VAT 
Packaging and postage tit 10 

042 0.45 
043 0.55 
OB2 0.45 
003 0.45 
003 0.45 
1 53G 0.55 
1115 0.50 
5Á40Y 1.00 
5U4G 0.55 
5Z4G 0.55 
5Y3GT 0.65 
64.15 0.65 

SAKS 0.45 
GALS 0.30 
GASS 0.65 
6456 0.80 
6416 0.60 
6ÁV6 0.50 

6A 66R 0.40 
6646 0.38 
65E6 0.45 
6856 0.75 
68X6 0.0 
6826 0.55 
60Z7 0.70 
604 0.40 
6086 0.50 
6E48 0.75 
661(5 0.70 
654 0.75 
6J5GT 0.55 
OJO 0.35 

0.55 
6SL7GT 0.55 
6SM76 0.55 

FULLY GUARANTEED 
251.5 0.65 EY87 0.50 P1508 
2405 0.55 EY88 0.50 PL508 

2ÁT1 0.45 E240 0.60 P1509 

24Ú7 0.38 EZ41 0.75 6931 

24V6 0.0 EZ80 0.30 PY33 

24X7 0.90 E281 0.35 PY81 

244 0.88 KT66 4.40 P183 

2844 0.80 KT88 4.80 P183 

2546 0.60 ® PC86 0.65 PY88 

25E6 0.60 I PC88 0.65 P95004 

28H7 0.60 / í VALVES PCC84 0.45 TT21 

2X4 0.50 S/ PCC85 0.45 TT22 

9405 0.75 PCC88 0.65 548080 
3045 0.70 PCC89 0.55 11.4142 

4 0.35 ECL85 0.65 pCCl89 0.65 081 3543 0.70 ECC8 58 

3545 0.80 ECC85 0.45 ECL86 0.55 PCF80 0.40 00581 
3585 0.70 ECC86 1.25 EF80 0.35 P082 0.40 UBF80 

3505 0.70 ECC88 D.0 EF85 0.45 pCf86 0.65 UBF89 

0.80 UCC84 

35W4 
MI E989 

0.0 EF83 0.35 PCF2O1 0.85 UCC85 

55C5 0.70 ECF80 0.45 EF154 0.40 PCF802 0.55 UCF80 

EÁ8080 0.40 ECF82 0.45 EFL200 0.75 PC112O0 0.75 110H42 

EA 0.55 ECF86 0.75 EL36 0.70 PCL8 0.55 UCH81 

EAF42 42 0.70 ECF801 0.75 EL36 0.60 PCL82 0.40 'UC182 
051801 0.65 ECF802 0.75 EL8) 0.60 PCL84 0.50 UCL83 

EBC4) 0.75 ECH42 0.85 EL82 0.60 PC1.85 0.60 UF4I 

EBCO! 0.50 ECHO! 0.50 EL83 0.60 PCL86 0.60 ÚF42 

EBF80 0.50 ECH83 0.50 EL84 0.35 PCL200 0.75 ÚF80 

EBF83 0.50 ECH84 0.50 0195 0.70 PL33 0.40 UF85 

EBf89 0.40 ECL80 0.40 EL500 0.80 11.36 0.60 ÚF89 

EC86 0.75 EC1.81 0.75 EM80 0.55 P138 0.65 UL4) 

EC88 0.75 ECL82 042 EM81 0.60 PL81 0.55 UL84 

ECOI 2.80 ECt83 LIS EMU 0.40 P102 0.50 584) 
ECC81 0.45 ECL84 0.0 EYBI 0.45 P183 0.50 UY42 

ECC82 0.38 P184 0.50 UY82 

ECC83 0.38 All prices are exclusive of VAT PL95 0.70 UY85 

0.90 
0.90 
1.30 
0.50 
0.63 
0.45 
0.50 
0.50 
0.50 
1.10 
6.30 
6.30 
0.50 
0.70 
0.50 
0.50 
0.50 
0.50 
0.75 
0.50 
0.75 
0.80 
0.50 
0.40 
0.70 
0.75 
0.75 
0.40 
0.50 
0.50 
0.70 
0.50 
0.55 
0.55 
0.60 
0.50 

- 

' OSCILLOSCOPE CI -5 
Made in USSR 

Extremely simple and easy to use single beam 
`- oscilloscope. Well proved design based on standard p p 9 

octal valves makes servicing and maintenance 
straightforward and inexpensive. Because of its 
bandwidth of 10 MHz the instrument is suitable for 

I 

general electronic applications and educational 
purposes where a sophisticated instrument would be 

both-too expensive and delicate. 3in. tube giving a 50 
x 50mm clear display. Amplitude and time base 
calibrations. Sensitivity 30mm /v max. Triggered and 
free -running time base. suitable for displaying pulses 
from 0.1 u sec. to 3 m sec A C. mains operation. 

-Price £55.06.4x. works, plus VAT 
Packing and carriage 'U K. only) £3.00 

MINIMUM EXPORT ORDER £100 

LARGE STOCKS 
OF 

SEMICONDUCTORS 

1976/1977 
CATALOGUE C 

AVAILABLE 30p 
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LANGREX SUPPLIES LTD 
Climax House, Fallsbrook Rd., Streatham, London SW16 6ED 

RST Tel: 01 -677 2424 Telex: 946708 BST 
SEMICONDUCTORS 
AA119 0.20 
AAY30 0.13 
AAY32 0.15 
AAZ13 0.25 
AAZI5 031 
AAZI7 0.25 
ACI07 0.75 
AC125 0.30 
AC126 0.25 
AC127 0.25 
AC128 0.25 
AC 141 0.20 
ACI41K 0.30 
ACI42 0.20 
AC 142K 0.25 
ACI76 0.25 
AC187 0.25 
AC188 0.25 
ACYI7 065 
ACYIe 0.65 
ACYI9 0.65 
ACY20 0.65 
ACY21 0.65 
ACY39 1.00 
AD149 0.70 
AD161 0.75 
ADI62 0.75 
AF 106 0.45 
AFI 14 0.25 
AF115 0.25 
AFI16 025 
AF117 0.25 
AFI39 040 
AF1e6 1.50 
AF239 0.45 
AFZII 2.75 
AFZI2 2.75 
ASY26 0.45 
ASY27 0.50 

ASZ15 1.25 
ASZI6 1.25 
ASZ17 1.25 
ASZ20 0.75 
ASZ2I 1.50 

.AU113 1.70' 
AUYIO 1.70 
BA145 0.15 
BA148 0.15. 
BA 154 0.10 
BA155 0.12 
BA156 0.13 
8AW62 0.05 
BAX13 0.07 
BAXI6 0.07 
BC'107 0.12 
BC108 0.12 
BC109 0.13 
BC 113 0.15 
BC'I14 0.18. 
BCII5 O.I9' 
BCII6 0.19' 
BC117 0.22' 
BC118 0.16 
13C 125 0.18 
BC126 0.25 
BC135 0.15' 
BC136 0.19 
BC137 0.16' 
BCI47 010 
BC 14g 0.10 
BC 149 0.13 
BC157 0.12' 
BC158 0.11 
BC 159 0.11 
BC167 0.13 
8C110 0.16 
BC 17] 014 

BC'172 0.13' 
BC173 0.15 
SC'177 0.19 
BC178 018 
BC 179 0.20 
BC 1g2 0.11 
BC 183 0.11 
B(-'184 0.12 
BC212 0.14 
B('2I3 0.14' 
BC 214 0.17' 
BC237 017' 
9C238 0.12' 
BC 611 0.45 
BC303 0.60 
8C307 0.20' 
B4'3013 0.18' 
BC'327 0.22' 
6C326 0.18 
6C337 0.19" 
BC':33A O.Iß 
BCY30 1.00 
BCY31 1.00 
BCY32 1.00 
BC'Y33 0.90 
BCY39 0.90 
BCY39 3.00 
BCY40 1.25 
BCY42 0.30 
8CY43 0.32 
BCY58 023 
8C'Y70 0.18 
6CY71 0.22 
BCY72 0.17 
BCZII 1.50 
BDI15 0.60 
BD121 1.50 
BD123 1.50 
1314124 1.00 

BD131 0.51 
0D132 0.54 
0 D135 0.35 
BD136 0.38 
BD137 0.17 
BD138 0.40' 
BD139 0.43 
130140 0.47 
6D144 2.00 
BD181 1.38 
0D1132 1,48 
B 023 0.80 
BD238 0.85 
BDXIO 0.75 
813X32 2.25 
80Y20 1.42 
BDY60 0.75 
B1,115 0.39 
BFI52 0.25 
BF153 0.25 
8FI.54 0.25 
BF159 0.35 
BFI60 0.30 
BFI 67 0.39 
BF173 0.39 
BF177 0.38 
BFI1ß 0.45 
BF179 0.48 

13F1 80 0.45 
BFIßI 0.45 
BF182 0.45 
BFI83 0.45 
8F184 0.39 
BF105 0.37 
BF194 0.12 
BF195 O.II' 
BF196 0.13 
BF 197 0.14 
BF200 0.32 
BF224 0.20 

BF244 0.35' 
BF257 0.37 
BF258 0.42 
BF259 0.45 
BF336 6.50' 
8F337 0.53' 
0 F71.38 0.55' 
BFS21 2.27 
13F528 1.38 
13E561 0.25' 
131598 0.25' 
BFW10 0.90 
BFWI1 0.90 
BFX84 0.38 
BFX05 0.41 
BFXß7 0.35 
BFXAß 0.32 
BFY50 0.28 
BFY51 0.26 
BFY52 0.26 
BFY64 0.30 
BFY90 1.32 
BSX19 0.34 
BSX20 0.34 
BSX21 0.32 
13T106 1.25 
87Y79 '400R 

318 
8U205 225' 
61)206 225 
B1J206 2.50 
BYI00 0.45 
8Y126 0.14 
BY127 0.15 
BZX6I 0.20 
Series 
BZYAB 0.13 
Series 
CR51'05 0.45 
CRS I'40 0.80 

CRS305 0.45 
CRS3'40 0.75 
CRS3/60 0.90 
GEX66 1.50 
GEX541 1.75 
(1.1.3M 0.75 
G.15M 0.75 
GJ7M 0.75 
GM 0:47ßA 1.50 
KSIOUA 0.40' 
MJE340 0.58 
MJE370 0.65 
MJE371 081 
MJE520 0.65 
MJF.521 0.75 
MJE2955 125 
\UE3055 0.75 
MPF102 0.30' 
V1PF103 0.30 
MPF104 0.30 
MPF105 0.30' 
MPSAU6 0.25' 
MPSA560.25 
MPSU01 0.32 
MPSUU6 0.40' 
MPSU56 0.45' 
NKT401 2.00 
NKT403 1.71 
NKT404 1.73 
NE555 045 
0A5 0.75 
0A7 0.35 
OAIU 0.55 
0A47 0.14 
0A70 0.30 
0A79 030 
OA81 0.30 
0AA5 030 
0A90 BOB . 

0A91 0.08 

0A95 1108 
0A200 0.10 
0A202 011 
OA 210 0.75 
0A211 0.75 
OAZ200 0.65 
OAZ201 0.65 
OAZ2116 0.65 
OA 7.207 0.65 
0C16 1.25 
OC20 2.00 
OC22 2.50 
OC23 2.75 
(C24 3.50 
(C25 0.90 
(>C26 0.90 
()C28 2.00 
(C29 2.00 
(C35 ISO 
(1236 1.50 
0C41 0.50 
()C42 0.50 
OC43 1.50 
UC44 0.50 
OC 45 0.50 
(C71 0.45 
()C72 0.45 
0073 1.00 
()C74 0.50 
1.X75 0.60 
(C76 0.50 
OC 77 1.Z0 
(C8I 0.75 
0081Z 1.00 
0082 075 
(C83 0.55 
0084 0.60 
(C122 1.50 
(X'123 1.55 
0C139 125 

(>C140 1.95 
DC 141 2.25 
(>C170 0.60 
(>C171 0.60 
0C200 1.00 
0C201 1.50 
(C202 1.25 
OC203 1.25 
0C204 1.25 
0C205 1.75 
(X'206 1.75 
0C207 1.25 
OCP71 1.25 
ORP12 0.70 
R2008B 2.25' 
R2009 2.25 
R201013 2.25' 
T1C44 0.36 
TIC226D 1.30 
T1L209 0.25 
TIP29A 0.50` 
l'IP30A 0.60 
TIP31A 0.62 
TIP32A 0.75 
TIP33A 1.00 
TIP34A 120 
TIP4IA 0.70 
TIP42A 0.90 
T1P2955 1.00 
TIP3055 0.50 
TIS43 0.35' 
ZS140 0.25 
25170 0.12 
ZSI78 0.54' 
ZS271 0.22 
ZS278 0.56' 
ZTXI07 0.11 
ZTXIOß 0.10' 
ZTX109 0.12 
7,1X300 0.12' 

ZTX301 013 
ZTX302 0.17' 
ZTX303 0.17 
ZTX304 0.19. 
ZTX3I1 0.12' 
ZTX3I4 0.20' 
ZTX500 0.13. 
ZTX501 014' 
ZTX502 0.16' 
ZTX503 0.17' 
ZTX504 0.20 
ZTX531 0.20' 
ZTX550 0.16' 
IN914 0.07 
IN916 0.07 
IN4001 0.06 
IN4002 0.07 
IN4003 0.08 
IN4004 0.09 
IN4005 0.13 
1N4006 0.15 
IN4007 0.1S 
IN4009 0.15 
IN4I48 0.07 
1N5400 0.14 
IN54UI 0.16 
1544 
15920 00.0608 

15921 0.08 
2G301 1.00 
2G302 1.00 
2G306 1.10 
2N404 0.60 
2N696 0.25 
2N697 0.16 
2N698 0.30 
2N705 0.80 
2N706 0.12 
2N708 0.31 
.2N930 0.26 

2N1131 on 
2N1132 0.26 
2N1302 0.37 
2N1303 0.97 
2N1304 0.45 
2N1305 0.45 
2N1306 0.50 
2N1307 0.50 
2N1308 0.60 
2N 1309 0.60 
2N1613 0.33 
2N 1671 1.50 
2N1893 0.33 
2N2147 1.40 
2N2148 1.65 
2N2218 0.33 
2N2219 0.42 
2N2220 0.35 
2N2221 0.22 
2N2222 0.25 
2N2223 2.75 
2N2368 0.17 
2N2369A 0.21 
2N2484 0.21 
2N2646 0.50 
2N2904 035 
2N2905 0.35 
2N2906 0.25 
2N2907 0.21 
2N2924 0.I5 
2N2925 0.17' 
2N2926 0.13 
2N31153 0.25 
2N3054 0.50 
2N3055 0.65 
2N3440 0.60 
2N3441 0.80 
2N3442 1.20 
2N3525 0.90 
2N3614 1.20 

2N3702 0.15" 
2N3703 0.15' 
2N.3704 0.15' 
2N:3705 0.15' 
2N 3706 0.14 
2N3707 0.18 
2N3700 0.14' 
2N37O9 0.15' 
2N3710 0.14 
2N3711 0.15' 
2N3771 1.60 
2N3772 1.70 
2N3773 2.65 
2.N'3819 0.36' 
2N3820 0.46' 
2N3823 0.60' 
2N3866 1.00 
2N3904 0.21 
2N3905 0.22' 
2N3906 0.22 
2N4055 0.20' 
2N4059 0.15+ 
2N4060 0.20' 
2N4061 0.17' 
2N4062 0.18 
2N4124 0.17 
2N4125 0.17 
2N4286 0.20 
2N4288 0.25' 
2N42R9 0.25' 
2N5457 035 
2N5458 0.35' 
2N5459 035 
3N125 1.75 
3N141 0.85 

VALVES 
AIX:ii 6.00 
A2087 10.48 
A2134 4.81 
A2293 4.10 
A2426 8.20 
A2521 8.53 
A2900 4.85 
A3343 18.43 
AZ3I 1.10' 
AZ41 1.15' 
BK 448 82.70 
BK484 84.70 
BS90 27.25 
85810 27.75 
BT5 31.15 
BT17 55.64 
6T19 19.00 
8T29 169.70 
BT69 17 165 
BT7.5 72.25 

.80 
C8L31 1.50 
CL33 200" 
CY31 1.00 
CIK 10.00 
C3A 10.00 
C3JA 10.00 
DA4I 16.85 
DA42 8.81 
DA 100 31.86 
DAF9It 0.40 
DAF96 I.00 
UET22 15.12 
DET24 41.00 
DF911 0.40' 
DF96 1.00 
DK91+ 0.55' 
DK92 1.25 
DK96 1.10 
DL92 0.75 
DL94 1.20 
DL96 1.10. 
DESIO 8.25 
DLSIS 8.25 
DLSI6 8.25 
OLS19 0.25 

'DM70 1.25 
Dhi71 125 
DMI60 150 
DY86171 0.45 
DV802 0.68 
ESSE 21.89 
FµOCC 4.86 
EBCF 023 
EROF 5.57 
FOOL 5.34 
I:RIC'C' 5.76 
F.%11. 5.61 
MCC 5.95 
F:83CC 6.08 
I:A4L 5.25 
E86C 093 
F.BßC' 5.24 
FSRCC't 1.00 
F:9000' 492 

ENE 5.02 
E91H 4.65 
E92C'C 4.86 
E994 5.38 
E130L 16.85 
E180CC 5.23 
EIROF 5.64 
E182CC 5.72 E 186 7.68 
EI88CC 4.92 
E280F 12.95 
F2ß3CC' 7.85 
E288CC 12.22 
EA52 12.92 
EA76 1.50 
EABC80 0.40 
FAC91t 0.50' 
EAF42 1.25' 
EAFlilll 1.75" 
EB41 1.75' 
F.B91t .30 
EBC3:1 .75' 
EBC4I 125 
F.BCßI 1.10' 
EBC90' 0.65 
E6F80 0.45 
EBF01 1.25 
F_BF89t 0.40' 
EBL31 2.50 
EC90t 9.40 
F.0'91t 2.80 
I;C'9'-' 1.25" 
F.C1.57 190.00 
ECC:33 3.50' 
F:CC'35 3.50 
EC('40 1.25' 
ECC81t 0.45 
ECC'A2+ 0.45 
F.C'C83t 0.45' 
FC'C64t 0.50 
ECCNSt 0.55 
E('GXfi 2.00 
ECCNß+ 0.60 
YC'('69 0.75 
F.C'C91t 0.35 
FCC'Iß9 1.00' 
ECC807 1.75 
FC'Cß0% 2.25 
ECF80t 0.00 
ECFX2t 0.60 
LC'F6fi 0.75' 
L('1135 2.00 
FC'H42 1.15' 
LCH61t 0.50 
F:(: H8:3 0.85 
LC 0.85= 
EC L801 0.00' 
CCU,' 0.75` 
F:C'1 x2t 0.55" 
F.C'L03 1.50' 
ECLt44 0.00' 
ECI,85 0.85` 
F.C'L66t 0.65' 
EC 1.1.800 7.00 
EF37At 1.60 
F:F39t 1.69' 
FF411 1.15' 

FF41 1.20 
EF42 2.00 
F.FSIIt 0.00 
F.F54 5.00 
EF55 2S0 
EFNn' 0.45' 
EF83 1.75 
EFRSt 050' 
F.F86t 0.45' 
F:FA9 0.60' 
EF911- 0.65 
EF92t 0.75' 
F.F93t 0.50 
F:F94t 0.55' 
EF95t p.30. 
EF9A 1.25 
F.F163t 0.50' 
FF184í 0.50' 
E1F3045 6.50 
EF8055 . 700 
F.H9U 0.75" 
EK911t 0.+ 
F.L32 1.50' 
FL:43 350 
k:134t 0.85 
EL36 0.75 
EL4I 1.25 
EL42 1.75' 
L1.81 1.10 
EL03 1.25 
F.1.845 0.15' 
k:LBi+ 0.50 
EL9Ut 0.75 
EL91 1.76 
EL95t 0.80 
EL156 16.25 

EF3f311 2.75 
E1,500 504 l'00 I-:L:X)9 2.16 
ELß21 4.32' 
FI.822 4.65" 
EMNO 1.10' 
FMI 1.00 
F:Mß4 I.00` 
EM%5 125 
F:11N7 ISO' 
I:N:12 5.50 
I.N91 t 0.55 
EN92 1.94 
LY51+ 025 
FY%I 1.65' 
I-Y03 1.75' 
EYß4 3.86 
I YBú' 0.50' 
i 1.75' 
EY5110.4 136` 
F.VW)2 0,82. 
F7.35 0.55 
FZ.40 1.25 
l'Z41 125 
FZ81t 0.10 
FZß10 0.35' 
FZ.90' 0.45' 
FlV4-500 2.50' 
F\'4-800 2.50 
( 1 371 15.00 
( 55 IK 9.50 

GI80-2M 1290 
G240-2D II.]5 
G400IK 13.50 
GN4 4.50 
GN4A 4.50 
G516 9.00 
GTIC 6.95 
GU50 9.66 
GUS! 9.80 
GXUI 10.43 
GXU2 17.2C 
GXU3 21.42 
(iXU4 21.94 
GY501 132 
GZ32 0.75 
GZ.33 4.00= 
GZ34t 1.24 
GZ37 4.00 
KT61 150 
KT66 400 
KT88 4.75' 

1.75 
KTW62 1.75 
KTlV63 1.75' 
M8079 8.18 
M8080 180 
MF10N1 8.16 
M0082 4.65 
M8083 5.60 
M6U91 7.70 
M8096 175 
M8097 3.56 
M8098 3.20 
M8099 5.20 
M8100 5.00 
X0I36 5.95 
M8137 008 
M.ß140 4.50 
M6141 4.85 
XA142 9.00 
MXI44 3.75 
M%149 5.10 
Mgt 61 5.62 
M8162 5.76 
M8163 4.50 
X8190 4.60 
M8195 3,70 
M6196 3.40 
MN204 3.50 
118212 8.62 
X8223 2.30 
M8224 2.80 
516225 2.60 
Mß248 6.54 
XU14 1.00 
MX 17.49 
MX123 32.07 
MX145 25.25 
XX151 11.69 
MX152 61.85 
MX I61 00.00 
MXIfi3 11.69 
\iX164 12.56 
\I X166 59:40 
\IX168 22.28 
I" 71' 7.50 
1tj2t 0.45 

0A3 1.10 
OA4 I.IO 
UB2t 0.45 
0B3 0.75 
(C2 2.30 
<C3' 0.45 

0D35 
0.45 

OZ4 0.75 
PC86t 0.85' 
PCBNt 0.85 
PC'95 030 
PC97 0.88 
PC900t Q75 
PC'C84t 0.45' 
PCC95 0.45 
PCY:NB 0.65 
PCC89t 1.05 
P('C189t 0.65' 
PCCßW+ 0.95 
PCCBM' 0.95' 
PCE8t 1.05 

O 

PCF82t 0.50 
PCFA6t 0.65 
PCFSî+ 1.00' 
PCF200t 1.05 
PCF201t 1.05' 
PC 0.55 
PCF802t 0.72' 
PCF805 1.28 
PC F806 5.00' 
PCF80R 1.28' 
PC'L82t 0.50' 
PCL03t 092 
PCL84t. 0.50 
PCL05+ 0.80' 
PCLRfi' 0.65' 
PCI.ß05ß5 

0.80 
P0500 1.00 
PFúfi-40N 27.30 
PFL200 0.88 
PL36t 0.92' 
PLßI 0.55' 
PI.ßIAt 1.00 
PLß2 0.60 
PL03t 055' 
PL84* 0.60' 
PL51)4'SOUt 0.96 
PL50At 1.32 
PL5(Wt 2.16' 
PL519t 2.96 
PLXOI 1.10 
PL102< 1.00 
PY33 0.88 
PY81' 0.72' 
PY82 0.45' 
PYµ3 0.69 
PYßxt 0.69 
PY500At 1.16 
PY600 SI 0.72+ 
PV811I 0.72 
(Nj\'026 9.00 
QQV03-10* 1.60 

l'0'i QQ 20A: 
050' 

II1jV(g40.4 
8.511 

QQ \'07-5034.80 
QQZ03-2(IA 

27.50 
QQZ06-40A 

38.80 
Ql'3î 11.00 
QVO3Ì2 3.00 
QVIH7 2.50 
QVOß-100 82.40 
OT T65 40,40 
QY3-125t 1000 

Y4-250 51.30 
QY4-400 55.50 
QY5-500 118.50 
Q Y.531I00A 

170.00 
QZ06.20 18.95 
RIII 5.00 
Rlî 1.65 
R18 3.88 
R19 1.00 

1.00' 
R(J3-250 8.85 
RG3.250A 085 
RG3-I250 20.95 
RG4-1250 27.50 
RG430110 53.45 
RR3-250 9.55 
RR3-1250 22.00 
SIIEI2 I8.00 
SI3U 2.00 
SI3OP 2.50 
STVB)-4(I 10.00, 
ST\'2R0-8020.00 
SU41 2.50 
S1192 9.00 
TD03-10 15.00 
TD03-10F 17.50 
TD03-IOF 17.50 
TT 2200 
TT21 7.00 
TT22 7.00 
TTI00 37,50 
TY2-125 40.20 
TY44IX1 5a.00 
TY4-500 68.40 
TY5-500 160.00 
TY6.800 145.00 
TYfi5IX0A 

188.00 
TY6-50008 

206.00 
TY6-S000W 

169.00 
TY7-6000A 

200.00 
TY7-6000W 

175.00 
T740 15.00 
I;IB-2U 250' 

I 9 LI. N.11 
U25 1.18 
U26 1.16 
U37 11.00 
UABCND' 0.50 
UAF42 0.75 
UB41 125 
UBC41t 0.75 

UCCß4 0.75' 
UCC85t 0.50 
UC F80 0.75' 
UCH42 1.20' 
UCH81* 0.50' 
UCL82+ 0.50' 
UCLR3 1.20' 
L'F41 0.75 
UF42 1.25 
UF80t 0.50' 
ÚF8.5* 0.50 
L'1N9t 0.50' 
UL41 1.00 
UL84t 0.60 
UMOU 1.00 
UY41t 0.75 
UY85t 0.65 
VL5631 822 
XGI-2500 23.10 
XG5-500 16.00 
XGQ6400 84.95 
XG 2-64110 

74.15 
XRI-I600A19.00 
XR132W 54.00 
XRI-3200A54.00 
XRI6400 59.10 
XR164(qA59.10 
YD1120 206.00 
YU1240 206.00 
Z759 6.50 
ZMIfqO 4.60 
ZM100I 5.38 
ZMI02O 055 
ZM1021 7.56 
ZMIU22 8.22 
Z.M1023 7.69 
7M1040 11.57 
ZX1041 9.87 
ZX1042 11.08 
Z.X1051 87.00 
B3GTt 0.55 
B24 10.00 
B35A 17.00 
863 45.00 
R5' 0.55 
S57 0.40 
T4t 0.40 

2A515 10.00 
2('39A1 9.00 
2C'4:4 18.00 
20217 025 
2E25 3.00 
7142 60.00 
21á5 175.00 
2J70A 205.00 
2J708 212.00 
2K25t 9.00 
3-40?L 35.Op 
3-5007. 15,00 
.1A5 1.15 
3824 500 
362ß+ 4.00 
3829 10.00 
3B-240M 15.00 
:iB241M 15.00 
3C23 10.00 
3C450 6.4p 

3CXIUOAS20.00 
3E294 5.50 
3S4t 0.75' 
3V4t 1.00 
4fi5A 2535 
4-125At 12.00 
4250A 36.00 
4-400A 17.00 
4032 10.00 
4C35 40.00 
4CX250B 17.50 
4('X350A 31.35 
4CX150A 21.00 
4X15f1D 25.00 
58-254M 11.25 
58-255M 11.25 
5C22 4000 
5J-I80E 495.00 
5R4GY1 I.00' 
5I14G 1.00 
SU4G8 1.00' 
5\'4G+ 0.65' 
SY3GT O.XS' 
SZ:i 150 
5Z4G 1.00' 
SZ4GT 1.00' 
6-30L2 1.00' 
6A64 0.75 
6AB7 0.75 
6AC7 0.75' 
6AF4At 0.70 
6AG7 0.75 
6AH6í 0.70' 
6AK5t 0.30 
6AKfi 0.95' 
6AL5t 0.10 
6AM4 2.10+ 
6AM5 iló 
6AM6í 0' úANS 2.50 
fiANBA' 0.70' 
6AQ5' 0.75' 
6AR5 0.70 
6AS6t 0.80 
6AS7G+ ISO 
fiAT6t 0.65" 
8AU5(iT 4.26= 
6AU5t 0.55' 
6AV5GT 1.74 
6A\'6' 0.50' I. 

fiAWRAt 1.00 
6.4X5GT 110 
607 0.75 
6BX 0.75 
6BA6t 0.50 
fiBA7 5.12 
fiBABA 3.75 
6BC4 3.71 
68Efit 0.45 
6BHfií 120 
fiBJ6í 0.80 
68K4 4.21' 
6BL6 85.00 
6BL7GT 186' 
fiBfvt6 85.00 
6BN6 0.80 
úBQ7A I.SS+ 
613R7 4.009 
6BRß+ 120' 

68S7 4.00= 
BBWB 1.75 
66W7 I.I2 
6BX7GT 4.00' 
6BZ6 1.78 
fiC4t 0.40 
fiCB6A' 0.50 
6CD60;A 4.00' 
OCHO 1.72' 
6C HO 432' 
6CL6t 0.75 
fiCW4 4.72' 
6021' 0.30 
6DK6 2.49 
6DQ08 1.01' 
6f:A8 2.21" 
6EBH 212 
fiEW6 0.80 
6F6 0.75 
6F23 1.32' 
6F28 0.00 

OF3310.7524B9 
H1 8.00 
H2N 0.75' 
H3N 0.75 
H6 0.75 

IJ4t .75' 
Iil6t 0.= 
úJî 0.75' 
6K4N 0.75' 
fiK6GT 0.75' 
6K7 0.75' 
fiK8 0.75` 
fiKD6 4.79 
6LfiG 2.50 
5L6GA 1.50 
6L6GT 0.75 
úI.6GC 1.75 
fil .i 0.75 
fiN2P 0.75 
6N3P 0.75 
6Nî 0.75 
61'25 3.50 
8j7 0.75' 
6R7 0.75 
fi5A7 0.75' 
6SC7 0.75 
fiSFî 0.75 
65H7 0.75' 
65J7 035 
6.5 K7 0.75 
6SL7GT' 0.55 
65N7GT+ 0.55' 
65Q7 9.75 
65R7 0.75' 
fi5S7 0.75 
fiUSG 
6080 269 0.40' 
fiURA' 0.55 
6V6GT+ 0.69 
6X4t 0.45 
SXSGT+' 0.55 
7B7 1.00 
7C5 1.75 
7C6 1.25 
' ' 1.00 

?57 225' 
7Y4 0.75 

774 0.75 
1E3 34.00 
2AT6 0.45 
2AT71 0.45' 
2Aflfi 0.50 
2AU7+ 0.45 
2AV6 0.60' 
2AV7 2.84 
2AX7+ 045 
2A5'7t 0.82' 

- 2B4A1 1.00' 
2B.4fi 0.00 
26Eú 0.00 
2BH7t 0.60 
2BV¡+ 0.00 
2E1 4.00 
2F14 19.00 
3E1 43.55 
9H4 16.88 
9H5 2250 

30.50 
UC'IS 1.20' 
OCIî 1.20' 

X'I% 2ß 
F5 1.00 

3UFLI'2 1.00 
411FL12 1.44 
40F1.14 128 
30LI 0.69` 
30LI5 1.32 
30LI7 132' 

0P9 0.92. 
30719 0.92 
if1PLl 132 
30PLI:i 1.44 
311PI.14 .6ö' 
3UPLIS 1.44 
35W4 

0'69+ SfCS 0.70 
7581 3.15 
75C1 1.55 

55A1 
7.50 

ASA2 1.50 
90AG 7.26 
9pA\' 7.16 
911CI 1.50 
9(K:(i 5.74 
91X'\' 5.99 
92AC 7.26 
92.A\' 7.16 
95A1 4.15 
15082 1.80 
15083 130 
151(-2 1.50 
150C4 2,30 
211 5.00 
23A0+ 8.00 
8)3 10.00 
8).5 20.00 
ß07t 0.65 
811.4t 1.00 
ß12A 7.25 
813t 6.00 
033A 25.00 
ßfifi.4 8.85 
072A 11.90 
922 4.26 
9:ilA 1224 

1624 1.25 . 

1625 1.00 
2050 2.50 
4212E 118.95 
4212H IIN.95 
5544 54.00 
5545 59.00 
5.55IA 62.70 
5552A 84.70 
5553A 225.30 
5642 3.16' 
:í6S4 3.53' 
.5651 

51;70 Z, 
5fiî5 9,09' 
5fiß7 {3p 
5f,I0 1.94' 
5718 3.36 
5725 3.40 
5726 2.20" 
572' 3.50 

130 4BT95 

i751 2.93 
i763 3,00 
.5ß14A 2.60 

:50411 4.40 
5842 6.90 
.`r87fiA 9.38 
5N79 1.16' 
5886 10.50 
196:i 1.87' 
5wn 2.20 
6005 3.65 
I;U21 4.46 
fil)57 5.95 
6IL58 4.56 
+uí!+ 4.00 
Iillfil 4.25 
I210'! 3.75 
Ii10:i 3' 1i11ú4 5.69 
6a07 6.08 
61172 3.77 
fi080' 3.40' 
6!07.4+B+C 

40.00 
6146A 4.27 
(í1461i 4.65 
6 159 6.00 
61ß9 6.08 
n! II 4.71 
6442 15.00 
68040 4.63 
6973 2.61 
- 702; 1.20 

5 'í1 3.65 
-5.86 6.79 
-:í87 12.54 
-1i181 2075 
7068 2.93 
7ß95 7.48 
10L5 2100 t0. 5.50 
el!'! 11.15 
I.i6 1,54 
841- 3,40 
IßIH2 5.17 
18045 5S7 

BASES 
I3¡GUnskirted 0.15 
Ii7G skirted 0.30 
139Aunskirted 0.15 
69A skirted 030 
InlOctal 020 
Mazda Octal 0.20 
Nuristnr 0.25 
Lucca 0.55 
8 pin DIL 0.15 

pin 14 DIL 0.15 
Ifi pin DIL 0.17 
Valve screening 
vans all sizes 030 

CRT'S 
ICP:31 31.00 
2AP1- 0.50 
2BP1' 9.00 
API 6.00 
3DP1 ' 5.00 
3F.GI' 7.00 
3FP7' 3.00 
3GPI 6.00 
UPI' 8.00 
11P2' 8.00 
fJP7' 10.00 
30 PI' 15.00 
.iRPI' 35.00 

411PI 25.00 
4EP7 25.00 
4EP11 25.00 
SiADP1 35.00 
SBPI' 5.00 
5C'PI' 5.00 
5CPIA 40.00 
5FP15A 5.00 
iF'Pî' 5.00 
5UP7' 5.00 
DG75 25.00 
007.32 18.00 
DH:i91 31.00 
0H7-11 68.00 
VC R97 5.00 

v(-0156 10.00 
VCNI:iRA'12.50 
VCRI:i9A' 8.00 
V('R517A 3.00 
VC'R517B' 3.00 
VC R51761' 1.00 

-FubeBasesO.]5 
= Surplus. rpus 

VAT %'F 

INTEGRATED 
7400 0.20 
7401 0.20 
7402 0.20 
7403 020 
7409 0.26 
%405 0.23 
741Ni 0.55 
7407 0.55 
î4nß 0.28 
7409 O.TR 
74111 0.20 
7412 0.26 
-41:i 0.45 
7416 0.40 
7417 0.40 
7421) 0.20 

CIRCUITS 
7422 0.25 
7423 0.15 
7425 0.35 
7427 0.35 
7420 0.50 
74:01 0.20 
7432 0.36 
7433 0.37 
74:i7 0.42 
74:46 017 
7440 0.22 
7441AN 0.92 
-442 0.70 
7447 AN 1.20 
7450 0.20 
7451 0.20 

7453 0.20 
7454 0.20 
7460 0.20 
7470 0.35 
7472 0.36 
7473 0.36 
7474 0.40 
7475 0.59 
7476 0.42 
7480 0.60 
7482 0.85 
740.3 1.00 
74N4 1.00 
7486 0.40 
7490 0.52 
7491A 0.85 

491 7' ú;ó 
7494 0.80 
7495 0.80 
7496 0.00 
7407 3.67 
741W 1.75 
74107 0.45 
74100 0.86 
74110 0.57 
î4111 0.86 
74116 1.69 
7411R 0.05 
74119 2.00 
74120 1.15 
74121 0.45 
74122 060 
74123 1.00 

zs á íá ó5 
74120 0.80 
74132 0.00 
741.3fi 0.69 
74141 0.05 
74142 3.00 
74143 3.00 
74144 3.00 
74145 1.00 
74147 2.45 
74148 2.00 
74150 1.75 
74151 0.90 
74154 2.90 
7415.5 000 
74156 0.90 
74157 0.90 

ii;i i:é 
4172 $.pp 

74173 1.75 
71174 1.57 
741_5 1.00 
741,6 1.10 
74176 1.65 
74179 1.65 
74180 1.65 
741W) 1.48 
74191 1.48 
74192 1.25 
74193 1.25 
74194 1.25 
74195 1.10 
741!X; 120 
74197 1.00 

i i iú 
7únl.lN 1.75' 

I A.4570 2.30' 
TAAfi305 9.50 
T8A480Q 1.84' 
TIM 520Q 290 
TB.45311 1,98 
TBA540Q 2.30 
TBA550Q 3.22' 
TBA.Sfi(ICQ322' 
l'8Afi73 2.19' 
111A700 1.52' 
TBA72fKj 230 
IBA750j 2.07' 
TBA991Nj 2.98 
FCA27014 
TCA760A 1.38 

Terms of business: CWO. Postage and packing valves and semiconductors 25p per order. CRTs 75p. Items marked add 12'/: % VAT. Others VA. P&P at 8%. t Indicates cheep quality version or surplus, but also available by leading UK and USA manufacturera. Price ruling et time of Telephone 01-677 2424/7 
despatch. Telex 946708 Account facilities available to approved companies with minimum order charge E10. Carriage and packing £1 on credit orders. E & O.E. Over 10,000 types of valves, tubes and semi conductors in stock. 
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PAKS - PARTS - AUDIO MODULES 
PANEL 
METERS 
4" RANGE 
Size 41/4" x 31/4" x 1 %" 
Value 
0 -50UA 
0 -100UÁ 
0 -500 UA 
0 -1 MA 
0 -50V 

No. 
1302 
1303 
1304 
1305 
130f 

Pria 
£4.50 
£4.50 
£4.50 
£8.00 
£8.00 

2" RANGE 
Sue 2%" e 11/4" x l'h" 
Value No. Price 
0 -50ÚA 1307 £3.50 
0 -1000A 1308 £3.50 
0 -5000A 1309 £3.50 
0 -1MA 1310 £3.50 
0 -50V 1311 £3.50 

MR2P TYPE 
Size 42x42x30mm 

, Value No. 
0 -50UA 1313 
0 -1MA 1315 

EDGEWISE 
Size 31 "x135 "x2'/4" 
Cut out 23/4" x 11/4" 
Value No 
0 -1MA 1316 
0 -5000A 1317 

Price 
£4.B0 
£3.20 

Price 
£4.05 
£4.05 

MINIATURE 
BALANCE /TUNING 
METER 
Size 23x22x26mm 
Sensitivity 

100 /0/ 100MA 
No. 

1318 
Price 

£1.95 

BALANCE /TUNING 
Size 45x22x34mm 
Sensitivity 

100/0/ 1000A 
No 

1319 
Price 

£2.00 

MIN. LEVEL METER 
Size 23x22x26mm 
Sensitivity 2000A 

No. Price 
1320 £1.95 

Vu METER 
Size 40x40x29mm 
Sensitivity 130UA 

No Price 
1321 £2.00 

TRANSISTORS 
BRAND NEW - FULLY GUARANTEED 

Type Price Type Nice Type 
AC126 E0.16 BC109C E0.03 BC550 
AC127 [0.11 BC147 '£0.10 BC556 
AC128 E0.16 BC148 'E0.10 BC557 
AC128K £0.28 8C149 'E0.10 BC558 
AC132 £0.20 BC157 'E0.10 BC559 
AC134 £0.20 BC158 'E0.10 BD115 
AC137 £0.20 BC159 '£0.10 B0116 
ACt41 £0.22 BC167 '£0.12 BD121 
AC141K E0.30 BC168 'E0.12 BD123 
AC142 £0.20 BC169 'E0.12 8D124 
AC176 E0-18 BC169C'E0.12 BDt31 
AC176K £0.26 BC170 'E0.10 80132 
AC178 £0.25 BC171 '£0.10 80131/ 
AC179 £0.25 BC172 'E0.10 132 MP 
AC180 £0.20 BC173 'E0.12 8D133 
AC180K £0.26 BC177 £0.16 8D135 
AC181 E0.20 8C178 E0.18 BD136 
AC181K [0.26 8C179 £0.16 BD137 
AC187 £0.18 BC180 £0.25 8D138 
AC187K E0.20 BC181 '£0.26 80139 
AC188 £0.11 8C182L'E0.10 BD140 
ACI 88K £0.20 BC183 'E0.10 8D139/ 
AD140 £0.60 BC1831 'E0.10 140 MP 
AD142 E0.116 BC184 'E0.10 80155 
AD143 £0.76 BC184L'E0.10 BD175 
40149 E0.60 8C207 'E0.11 BD176 
AD161 £0.42 BC208 'E0.11 80177 
A0162 0.42 BC209 '00.12 80178 
AD161 / 8C212 '£0.11 BD179 
161 MP £0.36 K2121 '£0.11 130201/ 
AF114 E0.21 BC213 'E0.11 202 MP 
AF115 £0.21 8C213L'E0.11 BD203 
AF116 £0.21 BC214 'E0.12 BD204 
AF117 £0.21 BC214L'E0.12 80203/ 
AF118 E0.40 BC237 'E0.18 204 MP 
AF124 E0.30 BC238 TO-16 BDV20 
AF125 £0.30 BC251 'E0.15 BDX77 
AF126 £0.30 BC251A'EO.18 13E457 
AFI 27 £0.32 BC301 £0.21 8F458 
AF139 £0.58 BC302 E0-28 BF459 
AF180 £0.40 BC303 £0.25 8F594 
AF181 E0.60 BC304 [0.36 8F596 
AF186 £0.58 BC327 '£0.18 BF939 
AF239 £0.50 BC328 'E0.15 BFR40 
AL102 E0.38 BC337 'E0.15 BFR79 
AL103 £1.20 BC338 'E0.15 BFR80 
AU104 £1.15 BC440 E0.30 BFX29 
AU110 £1.00 BC441 £0.30 BFX30 
AU113 £1.00 BC460 E0.36 BFX84 
BC107A E008 BC461 £0.36 BFX85 
8C1078 £0.06 BC477 E0-20 6FX86 
BC107C £0.08 8C478 E0.20 BFX87 
BC108A £0.08 BC479 £0.20 BFX88 
BC708B E0-08 BC547 'EO.12 BFX90 
BC108C 0.08 BC54B 'EO.12 BP/50 
BC109B £0.06 BC549 'E0.12 BFY51 

Nice Price 
'EO. BFY52 £0.14 TT IPP320955$ 

5 

EE00-975 5 

'E0.14 81P19 £0.38 
'E0.13 81P20 E0.38 11543 £0.24 
'E0.12 81P19/ TIS90 '£0.22 
'E0.14 20 MP £0.60 UT46 'E0.22 
£0.50 BRY39 £0.45 ZTX107 'E0.10 
£0.60 BU105 £1.70 ZTX108 'E0.10 
£0.66 BU105/02 E1.65 ZTX109 'E0.10 
E0.66 BU204 £1.70 ZTX300 '£0.12 
£0.70 BU205 £1.70 ZTX500 '£0.14 

8U208 U2. 2N1613 .2 £E00..4038 

808/02 E2£2.40 66 2N1711 £0£0.20 
0 

E1222 -E0.38 2N1889 £0.45 
[0-86 MJE2955 £0.98 2N1890 £0.45 
£0.60 MJE3055 £0.60 251893 £0.30 
E0.40 MJE3440 E0.52 2N2147 £0.75 
£0.40 MP8113 £0.62 2N2148 E0.70 
£0.42 MPF102 £0.35 2N2160 £0.80 
E0.45 MPF104 E0.38 2N2192 £0.38 
£0.54 MPF105 £0.36 2N2193 £0.38 
E0.80 MPSA05 'E0.30 252194 £0.31 

MPSA06 'E0.30 252217 £022 
E1.20 MPSA55 '£0.21 2N2218 £0.22 
E0-80 MPSA56 '£0-28 2N2218A £0.20 
£0.80 0C22 £1.60 2N2219 £0.20 
[0-60 0C23 £1.50 252219A E0.24 
E0.86 0C24 £1.35 2N2904 £0.18 
E0.68 0C25 £0.60 

2N2905A E0.1£0.21 E0.76 0C26 E0.60 
252905A E0.21 OC28 EO.80 

E1.70 0029 
E0.60 OC35 
EO.80 0036 
£1.70 oC70 
£0.80 OCT1 
£0.90 T1C44 
£0.37 TIC45 
E0.37 TIP29A 
E0.38 TIP29B 

'E0.30 TIP29C 
'£0.28 TIP30A 
£0.25 TIP3oB 
'E0.25 TIP30C 
'E0.28 TIP31A 
'E0.28 TIP31B 
£0.25 TIP31C 
E0.30 TIP32A 
£0.23 TIP328 
£0.24 TIP32C 
00.25 TIP41A 
£0.22 TiP41B 
E0.22 TIP41C 

'E0.55 TIP42A 
£0.14 TIP428 
£0.94 TIP42C 

Type 
253708 
2N3708A 
253709 
253710 
253711 
2N3819 
253820 
253821 
253823 
2N4058 
2N4059 
254060 
2N4061 
2N4062 
254284 
2N4285 
254286 
2N4287 
2N4288 
254289 
2N4290 
254291 
254292 
254293 
254921 
254923 
255135 
255136 
255138 
255194 

E0.96 2N2906 £0.18 2N5245 

E0.90 
252906A E0.19 255294 
252907 £0.20 255296 
252907A E0.22 255457 
25296G '£0.09 255458 
252926Y 'E0.08 2N5459 
2529260 '0.08 255551 
252926R 'E0.06 256027 
2529268 'E0.08 256121 
253053 £0.19 256122 
2N3054 E0.40 40311 
253055 E0.40 40313 
253414 'E0.18 40316 
2N3415 '£0.19 40317 
253416 '£0.29 40326 
253417 'E0-29 40327 
253614 E0.86 40346 
253615 £0.90 40347 
253616 £0.80 40348 
2N3646 'E0.09 40360 
2N3702 10.08 40361 
253703 10.08 40362 
253704 '0.07 40406 

£0.90 
£0.24 
E0.15 

TO-29 
'E0.35 
£0.44 
£0.52 
E0.82 
E0.60 
£0.60 
E0.70 
E0.45 
E0.47 
E0.48 
E0.48 
£0.51 
£0.53 
E0.49 
£0.51 
£0.53 
£0.53 253705 'E0.07 40407 
£0.55 2N3706 'E0-08 40408 
£0.57 253707 'E0.08 40409 

Nice 
'E0.07 
TO-07 
'E0.07 
'E0.07 
10.07 
£0.20 
E0.40 
EO.80 
£0.80 

'E0.12 
'0.14 
'E0.14 
'0.12 
'E0.12 
'EO.18 
'E0.18 
TO-18 
'E0.18 
'E0.18 
10.18 
'E0.18 
'EO.18 
'£0-18 
'£0.18 
'£0-55 
'E0.65 
'E0.10 
'E0.10 
'EO.10 
£0.56 
£0.40 
£0.34 
£0.56 
£0.32 
£0.32 
E0.38 

'E0.36 
E0.39 
E0.70 
£0.70 
£0.38 
£0.95 
£0.95 
£0.40 
£0.40 
E0.45 
£0.45 
£0.65 
£0.80 
(0.38 
£0.36 
E0.38 
£0.45 
£0.35 
£0.52 
E0.75 

NEWNES TECHNICAL BOOKS 

No 229 BEGINNERS 
GUIDE TO 

ELECTRONICS 
PRICE £2.25t 

No 230 BEGINNERS 
GUIDE TO 

TELEVISION 
PRICE £2.251 

No. 231 BEGINNERS 
GUIDE TO 

TRANSISTORS 
PRICE £225t 

No. 233 BEGINNERS 
GUIDE TO 

RADIO 
PRICE £2.251 

No 234 BEGINNERS 
GUIDE TO 

COLOUR TELEVISION 
PRICE £2.251- 

No. 235 ELECTRONIC 
DIAGRAMS 

PRICE£1 .80t 
No. 236 ELECTRONIC 

COMPONENTS 
PRICE£1 .801- 

No. 237 PRINTED 
CIRCUIT ASSEMBLY 

PRICE E1 .801- 

No 238 TRANSISTOR 
POCKET BOOK 
PRICE £3.901- 

No. 225 
110 THYRISTOR 

PROJECTS USING 
SCRS & TRIACS 

PRICE £2.501- 

No. 227 
110 COS / MOS 

DIGITAL IC PROJECTS 
FOR THE HOME 
CONSTRUCTOR 
PRICE£2.25t 

No. 226 
110 OPERATIONAL 

AMPLIFIER PROJECTS 
FOR THE HOME 
CONSTRUCTOR 

PRICE £2.50í 

No. 242 
ELECTRONICS 
POCKET BOOK 
PRICE £3.751- 

No 239 
30 PHOTOELECTRIC 

CIRCUITS & SYSTEMS 
PRICE E1.801" 

Type 

7402 
7403 
/404 
7405 
7406 
7407 
7408 

74 SERIES TTL ICs 
FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS 
Price 
E0.14 
£0.14 
£0.15 
00.16 
00.15 
E0.15 
£0.30 
E0.30 
E0.15 

Type 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7440 

Pike 
£0.15 
£0.14 
E0.23 
£0.23 
£0.27 
EOM 
E0.28 
E0.24 
E0.16 

"rTpe 
7441 
7442 
7445 
7446 
7447 
7448 
7475 
7480 
7481 

Price 
£0.64 
£0.64 
£0.90 
£0.90 
£0.76 
£0.80 
£0.48 
00.50 
00.95 

7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 

Nice 
£0.85 
£0.95 
£0.58 
£1.20 
£0.30 
1.2.90 
£0.42 
L0.75 
V0.45 

Type 

7494 
7495 
7496 
74100 
74110 
74118 
/4119 

Price 
E0.40 
£0.88 
£0.75 
£0.80 
E1.00 
£0.50 
£0.90 
1.1.85 
£0.30 

Type 
74122 
74123 
74141 
74154 
74180 
74181 
74190 
74198 
74199 

Price 
EO.60 
£0.70 
£0.80 
E1.30 
E1.10 
E2.00 
E1.50 
£2.00 
E1.90 

THYRI 
600ms TO 18 Casa 
Volts No Price 

10 THY600 /10 £0.13 
20 THY600 /20 £0.13 
30 THY600 /30 £0.19 
50 THY600 /50 £0.22 

100 THY600 /100 £0.25 
200 THY600 /200 £0.38 
400 THY600 /400 £0.45 

STORS 
7 Amp TO 48 Cese 
Volts No 

50 THY7A/50 
100 THV7A/100 
200 THY7A/200 
400 THY7A/400 
600 THY7A/600 
800 THY7A/800 

Price 
1.0.48 
£0.51 
£0.57 
£0.62 
£0.78 
£0.92 

MINI- 
MULTI- 
METER 
Size 60x24x90mm 
Sensitivity 1000 ohms /V 
AC VOLTS 0 -10, 50, 250. 
1000 
DC VOLTS 0 -10. 50, 250. 
1000 
'DC CURRENT 0- 1 -100mA 
Resistance 0 -150K ohms 

No. Price 
1 322 £5.98 

Type 
004000 £0.20 
CD4001 £0.20 
CD4022 £0.20 
CD4006 £0.98 
CD4007 £0.20 
CD4008 £0.96 
CD4009 £0.58 
CD4010 £0.58 
CD4011 £0.20 

Type Price 
CD4012 E0.20 
CD4013 £0.52 
CD4015 E0.98 
CD4016 £0.52 
CD4017 £0.98 
CD4018 £1.00 
C04019 £0.55 
CD4020 £1.10 
CD4021 £0.98 

CMOS ICs 
Type Nice 
CD4022 £0.98 
CD4023 E0.20 
CD4024 £0.80 
CD4025 £0.20 
CD4026 E1.95 
CD4027 E0.60 
CD4028 £0.98 
CD4029 £1.15 
CD4030 £0.55 

Type Price 
C04031 E2.20 
CD4035 £1.80 
CD4037 E0.86 
CD4040 E0.15 
CD4041 £0.82 
CD4042 £0.62 
CD4043 £0.98 
CD4044 MIN 
CD4045 £1.40 

Type Nice 
CD4046 E1.30 
CD4047 E1.10 
CD4049 [0.56 
CD4050 £0.55 
CD4054 £1.20 
CD4055 £1.65 
CD4056 E1.36 
CD4069 1.0.40 
CD4070 1.0.40 

Type Price 
CD4071 £0.23 
004072 £0.23 
CD4081 £0.22 
CD4082 £0.23 

4510 £1.30 
4511 £1.60 
4516 £1.40 
4518 £1.25 
4520 £1.25 

1 ..p TO 5 Cese 
Volts No Price 

50 THY1A/50 £0.28 
100 THY1A /200 £0.27 
200 THY1A /200 £0.28 
400 THY1A /400 £0.38 
600 THY1A /600 £0.45 
800 THY1A /800 00.58 

10 Amp TO 48 Case 
Volts No. Price 

50 THY10A /50 £0.51 
100 THY10A /100 £0.57 
200 THY10A /200 £0.62 
400 THY10A /400 £0.71 
600 THY10A /600 £0.99 
B00 THY10A /800 C1.22 

3 rep TO 66 Case 
Volts No Price 

50 THY3A/50 £0.25 
100 THY3A/100 £0.27 
200 THY3A/200 £0.33 
400 THY3A/400 £0.42 
600 THY3A/600 E0.50 
800 THV3A/800 £0.65 

18 Amp TO 48 Cese 
Volts No Prix. 

50 THY16A /50 £0.54 
100 THY16A /100 £0.58 
200 THV16A /200 £0.62 
400 THY16A /400 00.77 
600 THY16A /600 £0.90 
800 THY I6A /800 £1.39 

HIGH SENSITIVITY 
TEST METER 
Sensitivity 50.000 ohms /V 
Sue 6' /2" x 41/2" x 21" 
AC Volts 0 -1 5 to 0/500 

in 10 Ranges 
DC Volts 0 -0.5 to 0/500 

in 12 Ranges 
DC Current 0 -25 ua to 0/10A 

in 10 Ranges 
Resistance 0 -100 ohms to O /16 meg 

in 4 Ranges 
Decibels -20 to 62dB 

in 10 Ranges 

No Price 
5324 £19.74 

Type 
CA3011 
CA3014 
CA3018 
CA3020 
CA3028 
CA3035 
CA3036 
CA3042 
CA3043 
CA3046 
CA3052 
CA3054 
CA3075 
CA3081 
CA3089 
CA3090 
CA3173 

M301 

Price 
£1.05 
£1.70 
£0.75 
£1.70 
£1.02 
£1.70 
£1.35 
£1.50 
£1.85 
£0.60 
£1.60 
£1.35 
E1.50 
£1.50 
£2.10 
£4.25 
£7.90 
00.39 

LINEAR ICs 
Type Price 
LM304 E2.00 
LM308 E1.40 
LM309K E1.50 
LM320-51/ E1.85 
LM320-12v £1.85 
LM 320-1 5v £ 1.85 
LM320.24v E1.85 
LM 380. 14P E0.98 
LM381 £1.55 
LM3900N 0.65 
MC724P £1.50 
MC1303L £1.48 
MC1304P £2.95 
MC1310P E1.80 
MC1312P0 £1.90 
MC1330P £1.20 
MC1350 E1.20 
MC1351P E1.20 

Type 
MC1352P 
MCI 456G 
MC14661 
MC1469R 
MC1496G 
NE536 
NE515A 
NE540 
NE550 
NE550D 
NE555 
5E556 
NE561 
NE5620 
NE565A 
NE566 
NE567 
/4702C 

Nice 
£1.40 
£1.40 
£4.50 
£2.95 
00.98 
03.50 
£3.50 
£1.50 
£0.95 

PILA 
CO.40 
£0.82 
03.95 
£3.95 
£1.75 
£1.70 
£2.50 
£0.46 

Type Price TYPe 
72702 £0.46 748P 
uA703A E0.25 SN76013N 
uA709C £0.25 SN76023N 
72709 0.46 SN76110 
709P £0.25 SN76115 

4710C E0.40 SN76660 
72710 £0.30 SL414A 
uA711C £0.32 TAA5508 
72711 E0.32 TAA621A 
uA723C £0.50 TAA661A 
72723 £0.50 TAD100 
uA741C E0.24 TBA5400 
72741 E0.24 TBA6418 
741P £0.24 TBAB00 
uA747C £0.70 TBA810S 
72747 E0.79 TBA820 
uA748 £0.35 TBA920Q 
72748 E0.35 TCA2705 

Price 
£0.35 
£1.40 
E1.40 
£1.50 
£1.90 
£0.75 
£1.95 
£0.35 
£2.00 
£1.85 
£1.30 
£2.20 
£2.25 
00.80 
01.05 
£0.90 
£3.40 
£3.80 

5 Amp TO 66 Case 
Volts No Price 

50 THYSA /50 £0.38 
100 THYSA /100 £0.48 
200 THY5A /200 £0.50 
400 THY5A /400 £0.57 
600 THY5A /600 £0.89 
800 THYSA /800 £0.81 

30 Amp TO 94 Case 
Volts No Price 

50 THY30A /50 £1.18 
100 THV30A /100 £103 
200 THY30A /200 £1.63 
400 THY30A /400 £1.79 
600 THY30A /600 £3.50 

5 Amp TO 220 Case 
Volts No Price 
400 THV5A /400P £0.57 
600 THY5A/600P £0.89 
800 THY5A'800P £0.81 

No 
BT101/500R 
BT102/500R 
BT106 
BT107 
81.108 
2N3228 
2N3535 
BTX30/50L 
BT%30/4001 
C106 4 

Nice 
£0.80 
£0.80 
£1.25 
£0.93 
£0.88 
£0.70 
00.70 
£0.33 
£0.46 
00.80 

Type 
44129 
AAY30 
AÁ213 
AAZ17 
BA100 
BA102 
BÁ148 
80154 
BA155 
BA156 

Price Type Price 
00.08 BA173 00.15 
£0.09 88104 £0.15 
£0.15 BA %13 £0.07 
£0.15 BAX76 00.08 
00.10 BY100 00.22 
00.32 BY107 00.22 
00.15 BY105 £0.22 
£0.72 BY114 £0.22 
£0.14 8/124 'C0.22 
£1.14 19126 1E0.15 

DIODES 
Type 
BY 127 
BY128 
89130 
69133 
B9164 
BY176 
09206 
BYZ10 
BYZ11 
8,717 

Price 
'(0.16 
[0.16 

'00.17 
'£0.21 
E0.51 
'E0.75 
£0.30 
E0.45 
£0.95 
£0.45 

Type Price Type Nice 
6/213 (0.40 0485 £0.13 
BVZ16 £0.41 0490 £0.07 
111,217 £0.36 0491 £0.07 
87Z18 £0.36 0495 £0.07 
89219 0.38 04182 £0.13 
0410 E0.35 04200 00.08 
0447 £0.08 04202 00.08 

£0.08 5010 00.06 
£0.13 SD19 00.08 
£0.13 IN 34 £0.07 

Type Price 
1N344 £0.07 
15914 £0.06 
15916 £0.06 
1N4148 £0.06 
1544 £0.05 
15920 £0.06 

ORDERING 
Please word your orders exactly as printed, 
not forgetting to include our part number. 

V.A.T. 
Add 121/2% to prices marked* Add 8% to 
others excepting those marked t . These are 
zero.. 

P&P 
Postage and Packing add 25p unless 
otherwise shown Add extra fn, 
airmail Minimum order £1 

SILICON RECTIFIERS 
vpe Price 

15920 E13.06 
,5921 E0.07 
'5922 [0.06 
,923 £0.09 
1S924 £0.10 
154001 £0.05% 
154002 E0.07 

Type Price 
N4003 00.08 
54004 £0.0$ 
54005 00.10 
N4006 £0.11 
N4007 £0.12 
S016 00.09 

15020 L0.10 

Type Price 
00.11 

15023 £0.13 
15025 £0.14 
6027 £0.16 
15029_ £0.20 
1S031 £0.26 
1 55400 00.14 

Type Price 
1N5401 00.15 
155402 £0.16 
,N5404 00.17 
1N5406 £0.21 
155407 00.25 
1N5408 00.30 

B /- P4/ff 
Dept. W1O, P.O. BOX 6, WARE, HERTS 

SHOP 18 BALDOCK ST., WARE, HERTS. 
AT OPEN 9 to 5.30 MON. /SAT. 
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BI-p 
OUR PRICE ONLY. 

£20.45 

High quality modules for stereo, mono anti 
other audio equ'pment. 

PUSH -BUTTON 

STEREO 

FM TUNER 
Fitted with Phase Lock -loop Decoder 

The 450 Tuner provides instant program selection at the touch 
of a button ensuring accurate tuning of 4 pre -selected stations, 
any of which may be altered as often as you choose, by simply 
changing the settings of the pre -set controls. 
Used with your existing audio equipment or with the BI -KITS 
STEREO 30 or the MK60 Kit etc. Alternatively the PS12 can 
be used if no suitable supply is available, together with the 
Transformer T538. 
The S450 is supplied fully built, tested and aligned. The unit is 
easily installed using the simple instructions supplied. 

* 
* 
* 

FET Input Stage 
VARI -CAP diode tuning 
Switched AFC 
Multi turn pre -sets 
LED Stereo Indicator 

Typical Specification: 
Sensitivity:3'1 volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

STEREO PRE -AMPLIFIER 

A top quality stereo pre -amplifier 
and tone control unit. The six 
push- button selector switch pro- 
vides a choice of inputs together 
with two really effective filters for 
high and low frequencies, plus tape 
output 

MK. 60 AUDIO KIT: Comprising 
.2 x AL60's. 1 x SPM80. 1 x; 
BTM80. 1 x PA100. 1 front panel 
and knobs. 1 Kit of parts to include 
on /off switch, neon indicator, 
stereo headphone sockets plus 
nstruction booklet. COMPLETE' 

PRICE £34.90 plus 85p postage. 
TEAK 60 AUDIO KIT: 
Comprising Teak veneered cabinet 
size 161/4'x11 1/2"x33 4" other 
parts includaatuminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate socke= 

ect KIT PRICE £13.25 
plus 85p 
postage 

Frequency Response + tdB 20Hz 
20KHz. Sensitivity of inputs 
1 Tape Input 100mV into 100K ohms 
2. Radio Tuner 100mV into 

100K ohms 
3 Magnetic P U 3mV into 

50K ohms 
P U Input equalises to R1 AA curve with, 
tdB from 201-te to 20KHz 
Supply -- 20 -35V at 20mA. 

Dimensions 
299mm x 89mm x 
35mm 

PÁ100 
Urn 

MPA 
30 

107 

Enjoy the quality of a ri gnetic cartridge with 
your existing ceramic equipment using the new 
M.P.A. 30, a high quality pre -amplifier enabling 
magnetic cartridges to be used where facilities 
;exist for the use of ceramic cartridges only 
It is provided with a standard DIN 
Input socket for ease of connection I 

Full instructions supplied. 

VAT 
ADD 
12' /i% 

POSTAGE & 
PACKING 
Postage & Packing add 
25p unless otherwise 
shown. Add extra for 
airmail. Min. £1.00 

NEW 
AL30A 

10w R.M.S. AUDIO 
AMPLIFIER MODULE 

The AL30A is a high quality audio amplifier module 
replacing our AL20 & 30. The versatility of its design 

makes it ideal for record players, tape recorders, stereo 
amps, cassette and cartridge players. A power supply is 

available comprising a PS12 together with a transformer 
T538, also for stereo, the pre -amp PA12 

SPECIFICATION, 
Outpul Power IOw. Supply 2210 32 volts. 
A.M.S. 

Load Impedance 8 to Input Impedance 50K. 
tohms. 

Sensitivity 90mv for lull Total Harmonic Distortion 
output. less then .5% [Typically 

.3 %). 

Frequency Response Max. Heal Sinh Temp 
60111 to 25KHx 20. 

ONLY £3.65 
80 c. 

Dimensions 90 x 64 x 27mm 

AL 60 25 Watts (RMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 ae 1 KHz * 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 16 ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm. 
Especially designed to a strict specification Only the 
finest components have been used and the latest 
solid -state circuitry incorporated in this powerful little 
amplifier which should satisfy the most critical A F 
enthusiast 

Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, 

up to 15 watts (R.M.S.) per channel simultaneously. With the 
addition of the Mains Transformer BMT80, the unit will provide 
outputs of up to 1.5A at 35V. Size 63mm. 1 05mm 30mm 
Incorporating short circuit protect 
Transformer BMT8 0 
£5.30 + 86p posta ge 

protection. 

£.3.15 

COMPLETE AVOW 

The Stereo 30 comprises a complete stereo' 
pre -amplifier, power amplifiers and power supply. This, 
with only the addition of a transformer or overwind will 
produce a high quality audio unit suitable for use with a 
wide range of inputs i.e. high quality ceramic pick -up, 
stereo tuner. stereo tape deck etc. Simple to install, 
capable of producing really first class results, this unit is 
supplied with full instructions, black front panel knobs, 
main switch, fuse and fuse holder and universal 
mounting brackets enabling it to be installed in a record 
plinth, cabinets of your own construction or the cabinet 
available. Ideal for the beginner or the advanced 
constructor who requires Hi -Fi performance with a 

minimum of installation difficulty (can be installed in 30 
mins(. 

TRANSFORMER £3.25 plus 50p p & p 
TEAK CASE £5.45 plus 70p p & p 

P. 1 
NEW PA12 Stereo 
Pre- Amplifier corn - 
pletely redesigned 
,fo, tue with 
_AL30A Amplifier ¡: 

Modules. Features include on /off volume. 
Balance, Bass and Treble contre'. Complete 

with tape output.. Frequency Response 20Hz- 20KHz 
y -3dB). Bass and Treble range, 
12dB. Input Impedance 1 meg ohm. 
Input Sensitivity 300m V. Supply 
requirements 24V.5mA. Size 152mm 
x 84mm x 33mm. 70 

£4.35 P512 
Power supply for AL30A, 
PA12, SA450, etc. 

Input voltage 15 -20v A.C. Output voltage 22 -30v D.C. 
OUR PRICE 

Output current 800 mA Max. Size 60mm x 43mm x 26mm £1.30 Transformer T538 £3.20 

SHOP 
AT 

KP.O. BOX 6, 
WARE, 
HERTS. 

18 BALDOCK ST., WARE, HERTS 
OPEN 9 to 5.30 Mon. /Sat. 
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COWEST HYDE Instrument cases 

3 zii All dimensions are W,dthxHe ghtxDepth 
PRICES 1 off roc. P & P but not VAT. 

MOD3 hnclud,ng chars sl C 4 5 10x 6 5' 10.80 
301 7x3 x5'ß.' 6.33 D 9 3. 6 5 9.26 
302 7x4'.,65%5" 6.70 E 9 7x 65" 10.38 
303 /6n x5',4" 6.66 F 9 IOx 6.5" 12.19 
304 11x3 x5'4" 7.79 G 13 3x 65" 10.26 

' 305 ii .4'4x5'4" 9.19 H 13 7x 65" 11.77 
306 11x6 x5'4" 10.09 I 13 10x 6.5" 13.82 

CONTIL TEXTURED J 18 3x 65" 13.16 

Olier Instrument manufacturers low-cost cases ex stock. Blue PVC coated 755 765x5" 532 K 18 7x 65" 15.40 

,steel strength and rigidity PVC aluminium grey front and rear panels are 867 5x7x6 9.66 L 18 lOx 6.5" 19.05 
M 4.5 3x13" 10.13 

'removable. PCB and PSU mounting system available Also available un 975 965x7, 9.89 
1277 12x767" 11.38 

N 4.5 7x13" 10.93 
black, 301 e of 302, Bk 302 303, 6k 304 305 O 45 10x13" 12.89 uric 1277 unpainted 6.46 P 3x13" 10.82 

16127 1667x12" 16.69 O 7x13"' 12.36 
191010 í9x 10610" 21.67 q 9 10x13 14.52 
ELF CASES Grey 1mc. chassis/ S 13 3x13 12.65 
Elf 664x4" 3.20 T 13 7x13" 14.54 
Bara Elf (less lt. ch. poll 2.16 U 13 10x13" 17,07 
Giant Elf 8x5' x5" 4.50 18 3x13 15.97 
Long Elf 9x463" 3.60 

0,V 

18 7x17" 18.70 
Jumbo Elf 105651/465'4" X 18 10x13" 22.95 

6.40, Mod 2 in Woodpra,n or Black 

A 
Mt, CASES finish in aima A -L 6 N. '. These tough little cases add very little to the cost o a job Front panel 

range eyebrow rases In blue avaed aerunp. Front panels mazy pod chassis/ g 

wh, te mice or PVC'alumnuum, also available unpainted up to 1 ?77 size A q_5x 3x 6.5" 6:62 Prices as for one pace up on aluminium with protective coat Elf cases am available In 4 sizes, all dough. 

Aluminium panels 20p extra 1st size, 22p extra next 4 sizes. B 4.5x 7x 6.5" 9.24 Mod. 2. e.g. Mod 2A Wood - moulded In grey glass polyester, all panels, feet arid chassis Included. 
gram or Black a as Mod 2B 

YYNTIL 

Wireless World, October 1977 

WEST HYDE CO 
1111. moo 

III 2 
Mod-2 cases over 24 sizes. Front and back panels grey PVC. Aluminium 
chassis included Packed flat. Outer casing blue PVC steel or up to site L 

also available in wood -grain and black. (Price as for next price higher re A 

Black is B ',nee). 

AI'.t'.,.; 11,1:caa ,riih ,. bstan...a'd,scoun tsioryuan t hies Most cares have dis counts al 5 off and 25oíí wi hdiscnunlsu p m 25'.. al 100 of 1 Pricesiociude P&Panda re less 10 Icollected on t. rsl threep,kcn breaks On cases only. 

BUY A CASE FROM A SMALL RANGE. YOU GET A CASE -BUY A CASE FROM A BIG RANGE, YOU GET A SOLUTION 

Instrument cases 

A prestige anodised case, black PVC steel top and bottom which can be 

supplied louvred al no extra cost Free standing or rack mounting, available 

in rack or half width assembled in special polystyrene pack for safe postage. 

BRIGHTCASE MARK II SAMOS 
BC212 LIZ" Full Rack) 21.91 S1 1006 50650mm 
BC22213'6" Hail Rack) 15.84- 52 100x10Ox50mm 
BC31 2 lbs" Full Rack] 24.04 S3 100.150x50mm 
BC322 15'4" Hall Rack 17.72 54 125x 50x 75mm 
Hack Bracuerr ivailablr Sb 125x100x75mm 
No extra lot Louvres add SG 125x150675mm 

S7 1256700.75mm 
MINOS 
M2 65.100.50mm 
M3 1006130. 60mm 
M2 Bare 
MJ Bare 

Smart miniature ARS cases in tough rigid high gloss black. Front panels 

either all or PVC steel. Built -in slots for PC cards, dividers etc. Chassis or 

PC boards can be supported on 'P' clips from internal pillars 

.70 HEAVY DUTY CASE 

.89 Bx 8,5" 

.46 10xlOx7' 

.53 12610x7" 

OVER 400 DIFFERENT 

CASES IN STOCK -SIZE BANGE 

OVER 5000:1 IN VOLUME 

Prices correct August 1977 

Send for catalorue 

1.36 
1 56 
1.74 
1.96 
2.24 
2.63 
2.91 

iiMplip 
SAMOS 

Miniature instrument cases in blue and white PVC steel. Assemble in the 

lower hall, clip in feet, 2 screws allow the cover to hinge off cases, 2 more 

16.54 to fix. PC feet are available to hold up to 4 PC boards horizontally in case 

20.95 

WEST HYDE 
DEVELOPMENTS LIMITED 

Ryefteld Cru., Northwood Hills, Northwood, Middx., HA6 INN 
Telephone' Northwood 24941/26732/27051 

Tal. 923231 West Hyde Nthwd. 

Available in 3 sizes Heavily constructed in nntec steel, welded corners 
with heavy hinges 2 screw fixings and foam around the door In the base 

is a gland plate with gasket and a chassis with screws provided 

CASE SPECIALISTS 

LYNX ELECTRONICS (London) LTD. 
'92 Broad Street, Chesham, Bucks. Tel (02405) 75154 
VAT S% except * which are 121/2 D/o Return Post Service 

P &P 30 p' P Matching 20p per pair 90 Matchin 20 er air New Price List 20p 

Prices correct at 31st July, 1977. ACCESS WELCOME 

REGULATORS 
723 0.45 
7805 1.50 
7812 1.50 
7815 1.50 
7818 1.60 
LM309K 0.96 
LM340 -5 1.35 
LM340 -12 1.35 
LM340 -t5 1.35 
LM346-18 1.36 

SEMINAR NEWS 
Not only will our MPU system be based on 
MOSTEK s Z80 but we are delighted to 

announce that their brilliant young MPG 
specialist Phil Pitman has agreed to lend his 
considerable talents to the seminar 
Speakers of this calibre are going to make 
this a most intelligent and practical seminar 
for both the amateur and professional Write 

w for details of uc ets and the Tree 

ompetition 

CLOCK CHIPS 
MM5314 3.25 
MM5316 3.85 
AAY -5,t 224.43.25 
AAV-5 -40070 5.95 
IC SOCKETS 
g p , 0.13 

14 Pin 0.14 
6 Pie 0.15 

24 Pin 0.45 
40 Pin 0.80 

DISPLAYS 
CLASS II 

704 0.99 
707 0.99 
747 1.80 
LED 

2 Red 0.13 
2 Dicer 0.20 

TRANSISTORS 
AC126 0.15 BC182 
AC127 0.16 BC182L 
4C1213 0.18 BC183 
ACt28K 0.25 BC183L 
ACI41 0.22 BC184 
AC141K 0.34 ,BC184L 

'ÁC142 0.19 BCt86 
AC142K 0.32 8C187 
AC176 0.16 BC2078 
AC176K 0.32 BC212 
AC187 0.18 BC212L 
AC1B7K 0.36 80213 
AC188 0.18 BC213L 

AC188K 0.32 BC214 
40149 O.ed 80214E 
AD161 0.35 0C237 
ÁD162 0.36 BC238 
ÁF114 0.20 8C300 
AF 115 0.20 0C301 
AF116 0.20 BC302 
AF117 0.20 B1303 
AF118 0.50 BCY30 
AF124 0.25 BCY31 
ÁF125 0.25 BCY32 
ÁF126 0.25 BCV33 
ÁF139 0.35 eCY34 
ÁF239 0.37 BCV38 
AL103 1.45 80039 
ÁL703 1.30 80040 
AÚ107 3.30' BCY42 
AÚ110 1.75' BCV 54 
ÁU113 1.60' BCY70 

BC107 0.12 BCY72 
BG1078 0.12 BD115 
BC 108 0.12 00131 
801088 0.12 BO131 
BC109 0.12 BD132 
BC 1098 0.12 BD135 
BC 1090 0.75 80136 
BC117 0.19' Bol37 
BCt19 0.25 BD138 
BC125 0.18' BDt 39 
BC126 0.20' 130144 
BC140 0.32 130157 
8C141 0.28 BD781 
BC142 0.23 BD182 
BC143 0.23 
BC147 0.09' 80184 
BC148 0.09' 80232 
0C149 0.09 130233 
BC157 0.09' BD237 
,807513 0.09' 002313 
BC159 0.09' 8 0410 
BC160 0.32 BDx32 
'0C161 0.38' BDV10 
80168 0.09' BDY1 I 

BC769 0.12' 130020 
801690 0.14' BDY38 

0.11' 
0.12' 
0.10' 
0.10' 
0.11' 
0.12' 
0.20' 
0.24' 
0.12' 
0.11' 
0.12' 
0.12' 
0.14' 
0.14 
0.16' 
0.16' 
0.10' 
0.34 
0.32 
0.40 
0.46. 
0.56 
0.55 
0.60 
0.56 
0.56 
0.50 
1.15 
0.76 
0.30 
1.80 
0.12 
0.18 
0.12 
0.65 

0.40 0.40 
0.36' 
0.39' 
0.40' 
0.48' 
0.55' 
2.20 
0.60 
0.86 
092 
0.77 
1.20 
0.60 
0.48 
0.56 
0.60 
0.60 
2.30 
1.50 
2.00 
0.80 
0.50 

BDY60 
BDY61 
B01,62 
50195 
BDY96 
BDV97 
Bí179 
BF160 
8E181 
BF182 
8E183 
BF184 
8F185 
BF194 
8E196 
BFt97 
0F224J 
BF244 
8F257 
5F336 

8E337 
BF338 
BFW30 
BFws, 
Bfw60 
BFX29 
BFX30 
BFx84 
BF %85 
BFx86 
BFXA7 
BF %138 

BF %89 

BF" 11 

BFV18 
BFY40 
BFV41 
BFV 50 
BFY51 
BFY52 
BFY53 
gFY64 
BP/90 -- 
BSX19 
B$ %ZO 
85x21 
BSY52 
BSV53 
BSY54 
BSY55 
BSY65 
BSY95A 
BÚ105 
BÚ105702 
BU108 
BU109 
BU 126 

1.70 BÚ133 
1.65 BÚ204 
1.15 BU205 
2.14 gÚ206 
4.96 BU208 

_2.45 MJ480 
0.30 MJ481 
0.30 MJ490 
0.30 MJ491 
0.30 MJE340 
0.30 MJE520 
0.20 MJE521 
0.20 0C43 
0.70' 0044 
0.12' 0C45 
0.12' OC46 

0.1W 0070 
0.17' 0071 
0.30 0072 
0.36' 0084 
0.32' 0C139 
0.45' 0C140 
1.26 0C170 

_0.30 TIP294 
- TIP304 0,6 TIP31A 0.26 71P324 0.30 71P41Á 0.23' 2N42Á 0.25 2N69Á 0.26 215696 0.20 2N697 

0.20 215706 0.90 2151131 1.10 2N1132 0.50 2N1303 0.60 2N1303 0.80 
0.20 2151304 

0.18 2151305 

0.10 2N1306 
0.25 2151307 

0.35 2151308 

0.90 2N13og 
2151711 0.16 262102 

0.18 2N2217 0.20 2N2369 
0.28 2623694 
0.39 2N2483 
0.33 2152484 
0.74 2N2646 0.30 2N2711 
0.16 2N2712 
1.80' 2N29044 
1.90' 2N2905 
3.00' 2N29054 
2.50' 2N2906 
1.80' 2N2925 

1.60' 
1.60' 
1.90' 
2.40' 
2.60' 
0.80 
1.06 
0.90 
1.16' 
0.40' 
0.45 
0.66 
095 
0.32 
0.32 
0.20 
0.30 

_0.36 
0.22 
0.40 
1.30 
1.30 
0.23 
0.44' 
0.52' 
0.64 
0.64 

0.72 
0.40 
0.20 
0.20 
0.15 
0.15 
0.16 
0.40 
0.40 
0.46 
0.45 
0.50 
0.60 
0.60 
0.60 
0.24 
0.44 
0.30 
0.14 
0.14 
0.20 
0.10 
0.50 
0.20 
0.15 
0.20 
0.15 
0.22 
0.18 
0.14'. 

2529260 0.09' 
2N2926R 0.10' 
2N2926Y 0.09' 
2N2926G 0.10' 
2N3053 0.20 
2N3055 0.50 
2N3137 1.10 
2N3440 0.56 
2N3442 1.20 
2N3570 3.60 
2N3702 0.10' 
2N3703 0.10' 
2N3704 0.10' 

2N3705 0.10' 
263706 0.10' 
293707 0.10' 
2N3708 0.09" 
2N3709 0.08' 
2N3710 0.10' 
253711 0.10' 
2N3715 1.70 

2N3716 190 
2N3771 1.60. 
2N3772 1.90 
253773 2.10 
2153819 0.28' 

2154347 1.10 
2154348 1.20 
2154870 0.36' 
2N4871 0.36' 
2154918 0.80' 
2N4919 0.70' 
2154920 0.50' 
,2N4922 0.58. 
2154923 0.46 

CMOS- 
PLASTIC 

40008E 0.20 
40018E 0.20 
4002BE 0.20 
40068E 1.05 
40078E 0.20 
40088E 0.93 
40098E 0.52 
40108E 0.52 
4011 BE 0.20 
4012BE 0.20 
40138E 0.50 
40140E 1.00 
40158E 0.95 
40168E 0.54 
40178E 1.00 
40188E 1.10 
40198E 0.50 
40208E 1_12 

40218E 1.03 
40228E 0.95 
40238E 0.20 
40248E 0.86 
40258E 0.20 
402613E 1.55 
40278E 0.62 
40288E 0.91 
40298E 1.10 
40300E 0.55 
40418E 0.80 
40428E 
40348E 1.00 
40440E 0.94 
40468E 1.32 
40498E 0.54 
40506E 0.54 
40698E 0.30 
40708E 0.50 
407713E 0.26 
40728E 0.26 
4081BE 0.20 
40828E 0.26 
4510BE 1.42 
45118E 1.50 
45168E 1.35 
45168E 1.25 
45208E 1.20 

TTL 7400 SERIES 

7400 0.16 1480 0.55 
7401 0.16 7482 0.75 
7402 0.16 7486 0.32 
7403 0.16 7489 2.80 
7404 0.18 7490AN 0.49 
7405 0.18 7491AN 0.85 
7 40 8 0.18 7492 0.57 
7 409 0.18 7493 0.45 
7410 0.16 7494 0.85 
7412 0.25 7495 0.67 
1413 0.40 7496 0.82 
7414 0.72 7 41 00 1.07 
7417 0.43 74107 0.35 
7420 0.16 74121 0.34 
7425 0.30 74122 0.47 
7 42 7 0.30 74123 0.65 
7430 0.18 7414 I 0.78 
7432 0.28 74145 0.68 
/437 0.30 74154 1.30 
7441 AN 0.76 74164 0.93 
7442 0.85 74165 0.93 
7445 0.90 741 74 1.40 
7447AN 0.81 74175 0.94 
7448 0.81 7 1.08 
7470 0.32 74181 2.70 
7472 0.26 74191 1.33 
74 0.30 74192 1.20 
1474 0.32 74193 1.35 
7475 0.47 74194 1.20 
7476 0.36 74196 1.64 

THYRISTORS 
BY IA 3A 4 4A 65 774 10A IBA 

ITO51 NA IC10611102201110220111022011102201102201 

200 0,35 0.50 045 040 0.56 060 0.68 1.14 
400 0.10 060 0.50 0.45 0.08 0.60 098 1.40 

600 065 065 0.70 - 1.09 1.19 126 1.40 

01106 BT107 BI10B BIIOV 81116 253525 

E1.00 £1.60 E1.60 E1.00 f1.00 íO.50 

TRIACS - Plastic TO -220 Package Isolated 
Tab 

44 5.5A 8.5A IDA 1.54_ 

PI 141 1 +1 141 I +I 151 el PI Ian 161 It 0.00 0Ile 0.70 'RI 0.78 0H 0.81 0ÁI IÁ1 1.01 

15f 9,N 0.60 0.75 
0175 

0.61 1.67 8.97 1.01 1.17 1.17 

4000 0.77 0.78 0.60 5.63 0.97 IÁ1 1.17 I.1! 1.70 1.71 

6000 0.77, 0.79 1.01 1.13 
0.97 

1.25 1.12 1.50 1.71 f 74 

N.B. 0.69 101441.10 
1.21 

2,11 trigger 1 1. 5l f 4 

1.50 
tome 

* ** SPECIAL OFFER SECTION * ** 
SG 309x; (0.95 TOMB NPN RECTIFIERS DO4 

TRANSISTORS PACKAGE 
NPN 20.3 POWER Medum voltage 10A 50V 0.45. 
TRANSISTOR$ High Gain Type Please specify 
Fully rested bol 

marked Similar unmarked Similar 10A 100V 0.50. 
wBC 107.8 9 Potarny 

to 2N3055 except 25pcs £1.20 104 2000 0.60. 
BVCED - 50+ lOOpcs E3.50 Stud Cathode or 
HFE /gain/ = 20+ 

TO -3 HARDWARE í0A 400V 0.75. 
Al 3A. VCE SA 
T "l 3V at 3A Mica Washers Stud Anode 

Solder tay Nussl Ideal for Power 
5 ix, E1.00 
2b pcs £4.00 Bolts Supplies Inverters 

SO Sets for 85p ere 
5U pcs E7.50 
100 Ixs £13.00 

* ** * ** 

LINEAR LC.s 
301A OAO' MC1352P 0.76' 
307 0.55' MC1353P 0.75 
380 0.90' MC1458P 0.77 
381 7.90 MC7496L 042' 
3900 0.70' SAS560 2.25 
709 0.36 SÁ5570 225 
741 0.36 T4Á300 1.61 
748 0.35 TÁ43104 1.38 
NE555 0.46 TÁ4550 OÁ6' 
NE565 2.00' T44611E312 
5E566 7.50' 1.26' 
NE567 LOW TÁ4861 0.65 
CA3045 0.8r TAA530 185' 
CA3046 0.50' TBA530Q 1.90' 
CA3130 0.90 TBA560 280' 
MCI 304P 7.00' TBA570 0.98 
MC1307P m65 TCA270SQ 
MCI 310P 0.96' 1.95' 
MC1351P 1.20' ZN414 0.95 

44eahtors 
E248ar 

1Whm -t meg 
w61í 1.5, 

,watt 2 Op 

SPECIAL 
NOTICE 

Don t miss n. All 
0011e9e5 . schools. 
universities and 
amateur radio and 
electronic clubs 
may deduct 10% 
off all orders. Valid 
till 31st October 
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MEMORIES DIODES 
BYX38 - 

2102A -6 3.60 300 
2112Áa 4.76 6000.55 

6508 7.95 
9000.80 

12000.65 
2102 2.50 BZX61 Serres 

2107 10.00 
0.26 

BZ %83 Series 
2112 4.50 0.11 

2513 8.50 13ZY88 Series 
0.11 

2602 2.50 0485 Q12 

SUPER 
SAVERS 

0490 0.08 SG309K 0.95 
0491 0.08 MM5314 325 
OÁ200 0.09 MM5316 3.85 
N914 0.04' T1L209 0.10 
N4001 0.04' 2 CLEAR 0.10 
N4002 0.05' MCI 310P 0.95 
N4003 0.06' FCS8000 
N4004 0.07' 3'h d,gn display 
N4005 0.08' E2.95 N4006 0.09' FC58024 
N4007 0.10' ,dig display 
154148 0.04' E3.50 

Also available 
Popular valves 
Potantianten 
endaMdtrolydcs 

www.americanradiohistory.com

www.americanradiohistory.com
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ELECTRONICS 
The Only Firm for Quality Audio Kits 

Are proud to offer the only 
DESIGNER APPROVED kit for the 

J. L. Linsley -Hood High Quality 
Cassette Recorder 

As these circuits are capable of such an 
excellent performance we feel that it is 
not sensible to sacrifice this potential by 
designing a kit down to a price. We have 
therefore spent a little more on 
professional hardware allowing us to 
design a very advanced modular system. 
This enables a more satisfactory electri- 
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 is the reduction of 
crosstalk and interaction which could 
cause trouble on a single plane board. 
with our modular system the layout is 
compact but there is no component 
crowding Testing is very easy with 
separate identical modules and building 
with the aid of our component- by -com 
ponent instructions is childlishly simple. 
but the finished result is a unit designed 
not to normal domestic standards but 
tothe best professional practice 
All printed circuits are of glassfibre 
material, fully drilled with a tinned finish 
for easy and reliable soldering. Compon- 
ent locations are printed on the reverse 
side of the board and are arranged so that 
all identification numbers are still visible 
after assembly. 
71x Complete set of parts for Master 

Board. includes bias oscillator. relay, 
controls, etc E9.83 + E1.23 VAT. 

72x Parts for Motor Speed and Solenoid 
Control for Lenco CRV deck This is 
the proper board layout as given in 
the articles E3 52 + 44p VAT 

73x Complete set of parts for stereo 
Replay Amps. and VU Meter drive 
E8.12 + E1 02 VAT 

74x Complete set for stereo Record 
Amps £6 74 + 84p VAT. 

/5x Complete set of parts for Stabilised 
- Power Supply to circuit given in 

Article This uses a special low hum 
field transformer with better charac- 
teristics than the commonly used 
toroid £8 79 + E1 10 VAT 

700M2 Individual High Quality VU 
Meters with excellent ballistics 
£8 48 + E1.06 VAT. Per Pair 

700C/2 High Quality Custom built 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 holes are punched and 
all surfaces are electroplated 
Complete step-by -step assembly 
instructions are included. The cover 
is finished in an attractive black 
crackle surface. E16 50 + E2 06 
VAT 

LENCO CRV CASSETTE MECHAN- 
ISM 
High Quality. robust cassette transport for 
Linsley -Hood recorder. Features fast 
forward, fast rewind. record. pause and 
full auto stop and cassette ejection 
facilities. 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 E81 50 + 
£1019 VAT 

Optional extra solid teak end cheeks. E3 
pair + 38p VAT. 

Reprint of 3 Linsley -Hood Casseur 
Recorder articles, 45p post and VAT free 

We also supply complete kits to make a 

fully integrated 30 watt stereo amplifier 
using the Bailey Power Amplifier circuir 
and the Bailey / Burrows Pre -amplifier 
with the Quilter Tone control modifica 
lion 
Printed circuits and components are 
availble for the Stuart tape circuits. These 
articles described a high quality tape link 
circuit for use with a reel -to -reel deck 
Reprints of the three articles are available 
from us price 40p Post Free (No VAT) 

ALL PARTS ARE POST FREE 
Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome 

but please note we are closed all day Saturday 
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TRANSFORMERS 
ALLEX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING VAT 8% 12 and /or 24 -VOLT 
PRI 120/240V SEC 120/240V - Separate 12v windings Pri 220-240 Volts 

Centre Tapped and Screened Ref Amps E P &P 
Ref. VA (Watts) E P &P 12v 24v 
07* 20 4.40 79 111 0.5 0.25 2.20 43 

149 60 6.20 .96 213 1.0 0,5 2.64 78 
150 100 7.13 1.14 71 2 1 3.41 78 
151 200 11.16 1.50 18 4 2 4 -03 96 
152 250 12.79 1.84 70 6 3 5.35 96 
153 350 18.28 1,84 108 8 4 6.98 1.14 
154 500 19.15 2.15 72 10 5 7.67 1.14 
155 - 750 29.06 OA 116 12 6 8.99 1.32 
156 1000 37.20 OA' 17 16 8 10.38 1.32 
157 1500 45.80 OA 115 20 10 13.18 2.08 
158 2000 54.80 OA 187 30 15 17.05 2.08 
159 3000 79.05 OA 226 60 30 26.82 OA 
*115 or 240 sec only 

50 VOLT RANGE 
Primary 220 -240V 

SEC. TAPS 0- 19- 25- 33- 40 -50V 
VOLTAGES AVAILABLE 

6. 7. 8. 10, 14, 15, 17 19. 21. 25. 31. 33, 
40 50V. or 25 -0 -25V 

Ref - Amps E P &P 
102 0.5 3.41 .78 
103 1.0 4.57 .96 
104 20 6.98 1.14 
105 3.0 8.45 1.32 
106 4.0 10.70 1.50 
107 6.0 14.82 1.64 
118 8.0 17.05 2.08 
119 10.0 21.70 OA 

60 VOLT RANGE 
Primary 220 -240V 

SEC TAPS 0- 24- 30- 40- 48 -60V 
VOLTAGES AVAILABLE 

6. 8. to 12. 16. 18. 20, 24. 30, 36. 
40. 48 60V or 24 -0 -24V or 30.0 -305 
Ref. Amps E 
124 0.5 3.88 
126 1.0 5.58 
127 2.0 7.60 
125 3.0 10.54 
123 4.0 12 -23 
40 5.0 13.95 

120 6.0 15.66 
121 8.0 20.15 
122 10.0 24.03 
189 12.0 27.13 

P&P 
.96 
.96 

1.14 
1.32 
1.84 
1.64 
1.84 

OA 
OA 
OA 

HIGH VOLTAGE 
MAINS ISOLATING 

Pri 200/220 or 400/440 
Sec 100/120 or 200/240 

VA Ref. f P &P 
60 243 5.89 1.32 
350 247 14.11 1.84 
1000 250 35 -65 OA 
2000 252 54.25 OA 

DECS SOLDERLESS 
BREADBOARDING 

S Dec 70 contacts £1.98 
T Dec 208 contacts £3.38 
U Dec A IC's etc. £3.99 
U Dec B IC's etc. E8.99 

VAT 6% P &P 40p 

BRIDGE RECTIFIERS 
200v 2A 45p 
400v 2A 55p 
200v 4A 65p 
400v 4A 80p 
400v 6A £1.00 
500v 10A* £2.35 

P &P 29p. VAT 12 
*VAT 8% 

METERS 
AV08 E68.95 
AV071 £28.00 
AV073 £37.80 
AVOMM5 £21.94 
WEE MEGGER £55.05 
AVO TT169 in- circuits transistor 
tester £26.00 
U4315 (Inc case) E14.95 

Avo Cases and Accessories 
P &P £1 .50. VAT 8% 

TI MINI- MULTIMETER 
DC- 1000V.AC -1000V 

AC/ DC- 10000 /V 
DC- 100mA. Res - 150K 

Bargain at E5.30 
VAT 8% P &P 62p 

STEREO F.M. TUNER 
4 Pre -selected stations 

Switched AFC 
Supply 20 -35v 9OMa Max. 

£21:63. P &P 40p. VAT 121/296 

MAGNETIC TO CERAMIC 
CARTRIDGE CONVERTER 
Operating Voltage 20/45v 

ONLY E2.85 P &P 36p 
VAT 12 '/x% 

30 VOLT RANGE 
Primary 220 -240v 

SEC. TAPS 0- 12- 15- 20- 25 -30v 
VOLTAGES AVAILABLE 

3 4 5 6 8 9 10. 12. 15. 18. 20. 24. 30V or. 
15-0.15V 

Ref. Amps E P &P 
112 0.5 2.64 78 

79 1.0 3.57 .96 
3 2.0 5 -27 .96 

20 3.0 8.20 1.14 
21 4.0 7.44 1.14 
51 5.0 8.37 1.32 

117 6.0 9.92 1.45 
88 8.0 11.73 1.64 
89 10.0 13.33 t. 84 

Ref. 
113 
64 

4 
66 
6? 
84 
93 
95 
73 

AUTO TRANSFORMERS 
VA Watts TAPS E 

20 0 -115- 210 -240v 2.48 
75 0 -115- 210 -240v 3.95 

150 0115- 210220 -240e 5.35 
300 ,. 7.75 
500 

1000 
1500 
2000 
3000 

10.99 
18.76 
23.28 
34.82 
48.00 

P&P 
71 
96 
96 

1.14 
1 64 
208 

OA 
OA 
OA 

SCREENED MINIATURES Primary 240v 
Ref. mA Volts 
238 200 3 -0-3 
212 1A, IA 06, 06 

13 100. 9 -0 -9 
235 330. 330 09, 0 -9 
207 500, 500 0-8 -9, 0 -8 -9 
208 1A, to 0.8- 9.0 -8 -9 
236 200. 200 0 -15, 0 -15 
214 300, 300 0-20, 0-20 
221 700 (DC) 20-12- 0 -12 -20 
206 IA, IA 015 -20, 0 -15 -20 
203 500, 500 0- 15 -27, 015 -27 
204 1A, IA 0- 15 -27, 0 -15 -27 
5112 500 012 -15- 20-24 -30 

E P&P 
.55 
.78 
38 
38 
71 
78 
38 
78 
78 
96 
96 
96 
78 

1.99 
2.85 
2.14 
1.99 
2.59 
3.53 
1.99 
2.56 
3.41 
4.63 
3.99 
5.39 
2.64 

CASED AUTO. TRANSFORMERS 
240V cable input. USA 2 -pin outlets 

20VA £4.96 P &P 96 Ref. 
75VA E8.03 P &P 1.14 Ref. 

150VA E8.48 P &P 1.14 Ref. 
300VA £12.53 P &P 1.45 Ref. 
500VA £15.73 P &P 1.64 Ref. 
750VA £18.55 P &P 1.76 Ref. 

1000VA £22.68 OA Ref. 
2000VA £37.65 OA Ref. 

113W 
64W 

4W 
66W 
67W 
83W 
84W 
95W 

HIGH QUALITY MODULES 
10 watt RMS Amplifier 
25 watt RMS Amplifier 
125 watt RMS Amplifier 
Pre -Amp for 3 -5 -10w 
Pre -Amp for 25w 
Power Supplies for 3 -5 -10w 
Power Supplies for 25w 
Transformer for 5 -10w 
Transformer for 25w (one module) 
P &P Amps /Pre -Amps /Power Supplies 
P &P Transformers 

VAT 12'1 % 'VAT 8% 

E3-66 
E4.57 

E15.95' 
E6-95 

E13.88 
E1.35 
£3.76 
£2.41 
E4.79 

40p 
96p 

STEREO 30 
Complete chassis. inc. 7 +7w r m.s. amps. 
pm-amp, power supply, front panel, knobs (needs 
mains trans.), £19.05. Mains trans. £2.45. Teak 
veneered cab. £5.25. P &P £1 02. VAT 121/2% 

POWER UNITS 
126. 3. 4.5. 7.5, 9. 12v 500mA. E5.32 
STABILISED 3, 6. 7.5, 9v at 400mA E5.95 
3300. 6, 7.5. 9v at 300mA plugs direct into 1 3A 
socket (fused) £3.30 

P &P 70p. VAT 121/2% 

ANTEX SOLDERING IRONS 
15W E3.75. 18W E3.75. 25W E3.40 

Soldering iron kit £5.15 
Stand for above £1.40. P &P 46p. VAT 8 %. 

PLEASE ADD VAT AFTER P &P 
PANEL METERS AND SEMICONDUCTOR 

STOCKISTS. AUDIO ACCESSORIES & BARGAIN 
PAKS. SAVE POSTAGE. CALLERS WELCOME 
(MON. -FRI) OR SEND 15p STAMP FOR LISTS 

PRICES CORRECT AT 18 /7/ 77 

Barrie Electronics Ltd. _ 

3,THE MINORIES,LONDON EC 3N 1BJ 
TELEPHONE: 01 -488 3316/8 

NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 

WW -096 FOR FULL DETAILS 
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Zambia Gibraltar Chile Spain United Arab 

Wireless World, October 1977 

Emirates Singapore New Guinea Israel 

POWE R T R A N INCORPORATING LID 

ELECTRONICS ÂB1ENTAcovsrIcS 

HI -FI NEWS 75W %CHANNEL AMPLIFIER 

.f3,L:/( 

Ctftr.ttn 

By J. L. Linsley Hood 

Pick Price 
1. FUreglau printed-circuit board for power amp E 1.15' 
2. Sot of roisters. capacitors. pre -sets fur power amp 

E2.51 
3. Sot el aamknlacton for power amp E6.50 
4. Pak of 2 drilled. finned heal sinks f1.104 
5. Fibreglass prided -circuit board tor pre -amp E1.9C 
6 Set A low wise resistors. capacitors. pre -sets for 
pre. amp Ed.10 

7. Set of low noise. high gale semiconductors for 
pr-amp E2.40 

8. Sel of potentiometers [including mains switch! E3.50 
9. Set of 4 push -bufon switches. rotary mode. 

switch £5.4Or 
10. Toroidal transformer complete with magne0o 

lerMI/ !!miry: 0 I17 -234 V: secondaries: 
334 2525V £10.95 

Pick Price' 
I1. flrejeu printsdtircu0 board for power supply 

£0.85 
12. Set of reenters. capacitors. secendery tuses. 

semi-conductors for power supply £5.40 
13. Sr el miscellaneous puits Including 0111 skis. motes - ski. fuss holder. interconnecting colle centre! 

knobs £6.20 
14. Set N *Mahood( pana including silk scree printed 

fascia panel and all brackets. fixing parts, etc 

E8.20 
15. Handbook [free with complete kill £0.30 
16. Teak cellieet l0.3" s 12.7" s 3.1" £10.10 

2 sack of packs 1.7 inclusive ere required for complete 
Oros system. Total cast el individually percbssed 
packt E90.801 

Designed in response to demand for a tuner to complement the world -wide 
acclaimed Linsley Hood 75W Amplifier, this kit provides the perfect match. 
The Wireless World (Skingley and Thompson - April, May 1 974) published 
original circuit has been developed further for inclusion into this outstanding 
slimline unit and features a pre -aligned front end module, excellent a.m. 
rejection and temperature compensated varicap tuning, which may be 
controlled either continuously or by push button pre -selection. Frequencies are 
indicated by a frequency meter and sliding LED indicators, attached to each 
channel selector pre -set. The PLL stereo decoder incorporates active filters for 
"birdy" suppression and power is supplied via a toroidal transformer and 
integrated regulator. For long term stability metal onde resistors are used 
throughout. 

Tick- 
I. Rkejar WNW lard for hest ad F strip. 

rMwikLr. E sod trio drodU E2.15 
2. SA of meal adds regsMs, tlermistr, capacitors. 

carmel prose ter maeotlag se pack 1 £4.80. 
3. Sel el tresdstars. dNNs. LED. ila rstet circuits tr 

emseiep a pick 1 £525 
4. Prvakgud Irse ad metes. call tueetky. Orn 

uctioe ceramic hoer Eß.50 
5 Rbreglau printed circuit board for stereo decoder 

£1.10 
6. Set of metal oxide resistors. capacitors cermet 

preset for decoder £2.60 
7. Set el transistors LED. tolerated circuit for decoder 

E2.90 
8. Sat of compownts for channel selector switch 

module including llbregina printed circult board. 
push -button switches. knobs. LEDs. Kesel adjusters. 

etc E9.40 
9. Function switch. 10 turn tuning potentiometer. knobs 

£5.80 
.10. Frequency meter. meter drive components. fibreglass 

printed circuit board E10.35 

Published in Wireless Wodd (May, June, August 1976) by Mr. Linsley -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 amplifiers are used, the latter using a discrete 
component front-end designed such that the noise level is below that of the 
tape background. Push button switches are used to provide e choice of.. 
equalization time constants, a choice of bias levels and also an option of using 
an additional pre-amplifier for microphone use The mechanism used is the 
Goidring -Lenco CRV. a unit distinguished in its robustness and ease of 
operation. Speed control and automatic cassette ejection are both 
implemented by electronic circuitry. This unit which is powered by a toroidal 
transformer and uses metal oxide resistors throughout offers an excellent 
match for the Wireless World Tuner and the Linsley -Hood 75 Watt Amplifier. 

PRICE STABILITY 
Order with confidence! Irrespective óf any price changes we will honour all prices 
in this advertisement until November 30th, 1977, provided that this month's 
advertisement is quoted with your order. E &OE VAT rate changes excluded. 

All components are brand new first grade full specification devices. Alf-resistors 
(except where stated) are low noise carbon film types. All printed circuit boards 
are fibre -glass, drilled, roller tinned and supplied with circuit diagrams and 
construction layouts 
Virus Add not incTudid in prices. 
EXPORT ORDERS. No VAT charged. Postage charged at actual cost plus 50p 
documentation and handling. Please send payment with order by Bank Draft, Postal 
Order, International Money Order - no minimum order charge. Alternatively send 
Irrevocable Letter of Credit (£500 minimum) payable at sight in London. 

In HI -Fi News there was published by Mr. Linsley -Hood a series of four. 
articles November, 1972- February. 1973) and a subsequent follow -up 
article (April, 1974) on a design for an amplifier of exceptional 
performance which has as its principal feature an ability to supply from a 
direct coupled fully protected output stage, power in excess of 75 watts 
whilst maintaining distortion at less than 0.01% even at very low power 
levels. The power amplifier is complemented by a pre -amplifier based on a- 
discrete component operational amplifier referred to as the Liniac which is 
employed in the two most critical points of the system, namely the 
equalization stage and tone control stage. positions where most 
conventional designs run out of gain at the extremes of the frequency 
spectrum. Unusual features of the design are the variable transition 
frequencies of the tone controls and the variable slope of the scratch filter. 
There is a choice of four inputs, two equalized and two linear, each having 
independently adjustable signal level. The attractive slimline unit pictured 
has been made practical by highly compact PCBs and a specially designed 
Toroidal transformer. 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE ONLY £ 7 9 .80 
WIRELESS WORLD FM TUNER 

Pack Price 

i1. Toroidal transformer with electrostatic screen. 
Primary: 0-117V 234V E4.90 

12. Set of capacitors. rectifiers. voltage regulator for 

power supply £2.10 
13. Set of miscellaneous parts. including sockets. fuse 

holder. tuses. inter-connecting wire. etc E2.05 
14. Sel of metal work parts including silk screen printed 

facia pawl. acrylic silk screen printed tuning 
iodicoler pawl insert. internal screen. fixing parts. 
etc. £8.30 

I5. Construction motes !free with complete kill E0.25 
I6. Teak cabinet 10.3" a 12.7" a 3.1" £10.70 

One each of packs 1 -I6 inclusive are required for complete! 
stereo FM tuner.. Told cot of individually purchased. 
packs (61.15 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £ 70 20 
LINSLEY -HOOD CASSETTE DECK 

SECURICOR DELIVERY: For this optional service (U.K. Mainland only) add 
£2.50 (VAT INC.) per kit. 

O%, U.K. ORDERS: Subject to 1242 % *surrcherge for VAT. Carriage free. 

ORDERING. By mail or call at Sales Counter (at rear of fac tory) - Open l p.m. -4.30 PO R T W A Y INDUSTRIAL ESTATE 

Pack Price 
I. Stereo PCB [accommodates 2 rep. imps. 2 rec. 

amps. 2 meter amps. bias /erase osc. ralaylE3.35 
2. Stereo set of capitore. M.O. resistors. 

potentiometers for above E9.10 
3. Stereo set of semiconductors for above £8.50 
4. Miniature relay with socket £2.90 
5. PCB. all components for solenoid. speed control 

circuits E3.80 
6. Seidrinp Luce mechanism as specified. E21.95 

7. Function switch. knobs E1,90 
8. Dual VII meter with illuminating lamp E8.70 
9. Toroidal transformer with F.S. screen prim. 

0.117V. 234V. Sec. I5V E4.90 

SPECIAL PRICE FOR 
COMPLETE KITS 

Pack Price 

Ì0. Set of capacitors. rectifiers. I.C. voltage regulator 
ror power supply rewire' design] E2.80 

II. Set of miscellaneous parts. including sockets. lose 
holder. fuses. interconnecting wire. etc. E3.40 

12. Sel of metalwork iecludiag silk act' eeeed lacia 
panel. internal ocraw fixing parts. Mc E7.10 

I3. Construction notes £0.25 
14 Teak cabinet 18.3" e 12.7" x 3.1" ... f10.70 
One each of packs 1 -14 inclusive are 

required for compete stereo cassette 
deck. Total cost of individually pur- 
chased packs E90.05. 

£85.98 
Further details Of above given in our FREE CATALOGUE 

EXPORT CUSTOMERS. Please send five INTERNA- 
TIONAL REPLY COUPONS OR £0 50 for catalogue to 
be sent by arm-nail DEPT WW1() 

POWERTRAN ELECTRONICS 
am. M ° ". -Thurs . ANDOVER, HANTS SP10 3:NN 
'ndonesia Brazil Switzerland Canada Saudi Arabia New Zealand Norway 

ANDOVER 
64455 

Iceland Sweden 
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Guernsey Cyprus Belgium Uganda Brunei Trinidad Sojth West Africa Italy Java 

AUDIO KIT SUPPLIERS TO THE WORLD 

Pack T20 T30 Pack 

I. Set of low noise resistors 1.60 1.70 8. Toroidal transformer - 240V prim. 
2. Sel of small capacitors 2.60 3.40 e.s. screen 
3. Set of power supply capacitors .... 2.20 2.50 9. Rbreglase PC8 

4. Set of miscellaneous parts 3.50 3.50 10. Sel of metalwork. fixing pans .... 
5. Set at slide. mains. P.B. switches 1.50 1.50 11. Sel of cables. mains lead 
6. Set of pots. selector switch 2.80 2.80 12. Handbook (free with complete kill 
7. Set of semiconductors. ICs. skis..... 7.25 7.75 13 Teak cabinet 15.4" e 6.7" e 2.8" 

2 MATCHING TUNERS! 
WW SFMT II 
- Following the success of our Wireless World FM Tuner kit we are now 
pleased to introduce our new cost reduced model, designed to 
complement the T20 and T30 amplifiers. The frequency meter of the 
more advanced model has been omitted and the mechanics simplified, 
however the circuitry is identical and this new kit offers most exceptional 
value for money. Facilities included are switchable afc, adjustable, 
switchable muting, channel selection by slider or readily adjustable pre -set 
push- button controls and LED tuning indication. Individual pack prices in 
our free list. 

POWERTRAN SFMT 
This easy to construct tuner using our own circuit design includes a 
pre-aligned front end module. PLL stereo decoder. adjustable, switchable 
muting, switchable afc and push- button channel selection. As with all our, 
full kits, all components down to the last nut and bolt are supplied 
together with full constructional details. 

111 

G re 

O- 

T20 + 20 AND T30+30 
20W, 30W AMPLIFIERS 

Designed by Texas engineers and described in Practical Wireless the Texan was an immediate success. 
Now developed further in our laboratories to include a Toroidal transformer and additional) 
improvements, the slimline 120 -+ 20 delivers TOW per channeTóf true Frï - -F ät exceptionatt ow cost 
The design ïs based on a single F /Glass PCB and features all the normal facilities found on quality d 
amplifiers, including scratch and rumble filters, adaptable Input selector and head phones socket. In a i 
follow up article in Practical Wireless further modifications were suggested and these have been 
incorporated into the T30 + 30. These. include fTF interference filters and a tape moñìtor facility. 
Power output of this new model is 30W per channel. 

T20 no 

5.60 7.20 
3.50 3.90 

.... 5.20 6.20 
0.40 0.40 
0.25 0.25 
4.50 4.50 

KIT PRICE 

SPECIAL PRICES 
FOR COMPLETE KITS! 

T20 +20 
KIT PRICE only 
T30 +30 
KIT PRICE only 

£ 34.20 
£39.50 

CONVERT NOW TO QUADRAPHONICS! 

SQM1 - 30 KIT PRICE £40.75 
Wireless World Amplifier Designs. Full coos are not available for these proiecis but component packs and PCBs are stocked for the highly regarded Barley and 20W class AB 
Linsley Hood designs, together with an efficient regulated power supply of our own 
design. Suitable for dromg these amplifiers is the Bailey Burrows pre.amplitier and our can board, for the stereo version of it features 6 inputs scratch and rumble filters and wide range tone controls which may be either rotary or slider operating For those intending to get the best out of/thee speakers we also offer an active filter system 
described by D C Read. which splits the output of each channel from the pre -amplifier into three channels each of which is fed to the appropriate speaker by its own power 
amplifier. The Read /Texas 20W, or any of our other kits are suitable for these For tape systems a set of three PCBs have been prepared for the integrated circuit based high 
perlorrnance stereo Sl.,ert rlr -nryrr DrIJrI> oil r. npen'r 1,1( i. are It' Ore r,rtel,rrterr 

'30W Batley Amplifier 
BAIL Pk 1 F /Glass PCB E1.00 BAIL Pb 2 Resistors, Capacitors. Potentiometer set E2.35 BAIL Pb 3 Semiconductor set E4.70 20W Linsley Hood Class AB 

111A8_Pk_ 1 F /Glass PCB £1.05 LH_ABPk 2 Resistor. Capacitor. Potentiometer set 

--e3:35° 
£3.2 

LHAB Pk 3 Semiconductor set 
Regulator Power Supply 
60VS Pb 1 F /Glass PCB 
60VS Pb 2 Resistor, Capacitor set 
BUNS Pb 3 Semiconductor net 
60VS Pk. 6A Toroidal transformer (for use with Bailey) 
BUNS Pk 68 Toroidal transformer (for use with 20W LHI 
Bailey Burrows Stereo Pre -Amp 
BBPA Pk I F Glass PCB ,stereo, 
BBPA Pk 2 Rasa,. apaenor s net uctor vet stereo, r, 
BBPA Pb 3R Rotary Potentiomeums i Sturuu. r 
BBPA Pk 3S Slide, Potenhornrtur set reettr Snubs ,Stereo. 

Tictwe Filter 
FILT Pk. 1 F /Glass PCB 
FILT Pk. 2 Resistor. Capacitor set (metal oxide 2 %. polystyrene 21/2%) 
FILT Pk 3 Semiconductor net 
2 off Pks 1, 2, 3 rqd for stereo sctive filter system 
Read /Texas 20W Amp - - 
READ Pk. 1 F /Glass PCB 
READ Pk. 2 Resistor, Capacitor set 
READ Pk. 3 Semiconductor set 
6 off pks 1. 2. 3 required for stemo active filter system 
Stuart Tape Recorder 
TRW, PI 1 Replay Amp F Gress PCB stereo 
TRRC Pb 1 Record All, F Glass PCB Stcrw 
TROS Pk 1 Bras Erase Stetelruer F Glass PCB- .r..ren 

Further details of above and additional packs given in our FREE LIST 

£0.85 
E2.20 
E3.10 
E8.80 
E7.25 

[2.80 
£6.70 
E2.85 
E3.10 

£1.40 
E4.20 
E2.25 

£1.00 
E1.20 
E2.30 

E1.30 
E1.70 
£1.20 

With 100s of titles now available no longer is there any problem 
over suitable software. No problems with hardware either. Our, 
new unit the SQM 1 -30 simply plugs into the tape monitor socket 
of your existing amplifier and drives two additional speakers at 
30W per channel. A full complement of controls including 
volume. bass, treble and balance are provided as are 
comprehensive switching facilities enabling the unit to be used 
for either front or rear channels. by- passing the decoder for 
stereo-only use and exchanging left and right channels The SO 
matrix decoder is based upon a single integrated circuit and was 
designed by CBS whilst the power and tone control sections are 
identical to those used in our 130 + 30 amplifier which the 
SQM1 -30 matches perfectly. Kit price includes CBS licence fee. 

Speöd offer to 120 + 20 and Teak 
Owners of 120 + 20 and Texan eteplilron, 
which have no tape monitor_ outlet 
purchasing an SOM 1 -30 will be supplied 
on request, a free conversion kit to fit a tape 
monitoring facility to the existing amplifier. 
The makes simple the connection te the. 
highly adapiable TOM 1.30 quadrophonic 
decoder/rear channel amplifier 

SQ_ QUADRAPHONIC DECODERS 
Feed 2 channels (2001000mV as obtainable from most pre -amplifiers or amplifier 
tape monitor outlets) into any one of our 4 decoders and take 4 channels out with no overall signal level 
reduction On the logic enhanced decoders Volume. Front -Back, LF -FF balance. LB -RB balance and Dimension controls can all be implemented by simple single gang potentiometers. 

These state -of- the -art circuits used under licence from CBS are offered in kits of superior quality with close tolerance 
capacitors. metal oxide resistors and fibre -glass PCBs designed for edge connector insertion. All kit prices include 
CBS licence fee. 

M1 Basic matrix decoder with fixed 10 -40 blend All components, PCB ./£5.90 
L1 Full logic controlled decoder with ''wave matching'' and front back logic" for enhanced channel separation. All components PCB £17.20 
L2A. More advanced full logic decoder with "variable blend" for increased front back separation. All components, PCB E22.60 L3A. Decoder similar to L2A but with discreet component front end with high precision 6 -pole phase shift networks for increased frequency response. All components (carbon film resistors), PCB £25.90 Also available with M.O. resistors, cermet pre -set - add £4.20 
SEMICONDUCTORS as used in our range of quality audio equipment.; 
N699 £0.20 
].N305S £0.45 
2N3442 £1.20 
2N3711 £0.09 
2N3904 E0.17 
2N3906 £0.20 
2Ñ5087 E0.25 
-2N5089 E0.25 
255457 £0.45 
255459 £0.45 
!NS4rit7 E0.50 
255461 E0.50 
155830 E0.3% 
40361 £0.40 
40362 £0.45 

BC107 
oBC108 
BC709 
BC109C 
BC125 
BC126 
BC182 
BC212 
BCI82L 
BC184L 
BC212L 
BC214L 
pCy72 
BD529 
BD530 

£0.10 
£0.10 
£0.10 
£0.12 
£0.15 
£0.15 
(0.10' 
£0.12 
£0.10 
E0.11 
£0.12 
£0.14 
£0.13' 
E0.55 
E0.55 

BDy56 
BF257 
8E259 
BFR39 
BFR79 
BFV51 
nFy52 
CA3046 
1M301AN 
LP1186 
MC1310 
MC1351 
MC1741CG 
MFC40t0 
MJ481 

£1.60 
£0.40 
£0.47, 
E0.30 
£0.30 
£0.20 
£0.20 
E0.70 
E0.55 
E5.50 
E2.20 
£1.05 
£0.65 
£0.95 
£1.20 

MJ491 
MJE521 
MPSA05 
MP3Al2. 
MPSA55 
MPSA65 
MPSA66 
MPSU05 
SBA750A 
SL301 
013045 
SN72741P 
SN72748P 
TIL209 

.TIP29A 

EXPORTNO PROBLEM Our Export Department will be pleased to advise on postal costs to any country in 
the world. Some of the countries to which we sent kits in 1976 are shown O 
s.rrrounding this advertisement 

Tunisia Germany Nauru Hong Kong Australia Eire Gambia Denmark France Muscat & Oman 

E1.45 
£0.60 
E0.25 
£0.35 
£0.25 
£0.35 
£0.40. 
£0.50 
E1.114 
E1.30 
Et .20 
£0.40 
£0.40 
E0.20 
E0.40 

TIPpA E0.45 
TIP29C5 EÓ.5$ 
7TP30C E0.60 
TIP41A É0_.19 
TIP42A £0.80 
TIP418' £0.75 
TIP42B £0.54 
10914 £0.07 
1N916 £0.07 
15920 £0.10 

FILTERS 
FM4 E1.00 
SFJ10 /MA E1.50 

r- 
C 

cp 

3l 

www.americanradiohistory.com

www.americanradiohistory.com


112 

ICOPEI{ 
4!6 

SINGLE BEAM 
OSCILLOSCOPE 

4Se6 6MHz Bandwidth. 
IOmV /cm Sensitivity. 
1 uS /cm- 100mS /cm Timebase 
(16 Calibrated ronges). 

4S6 LS ... (£135) Designed for LOW 
SPEED Measurements. 
10 uS/cm-1 sec/cm Timebase. 

R 

COPEX 

® Regd Trade Mare 

SCOPEX Instruments Ltd. 
Pixmore Industrial Estate, Pixmore Avenue. 
Letchworth, Herts. SG6 1 JJ (046 26)72771 

£110.00 
(ex VAT) 

WW -098 FOR FURTHER DETAILS 

Wireless World, October 1977 

BUY FLUKE'S 
NEW DMM 

AND POCKET 
THE DIFFERENCE 

Never before has a 
DMM packed so much 
into such a small space. 
Fluke's new 8020 offers 
26 ranges of AC /DC volts, 
amps, ohms and 
conductance, teamed 
with an 0.25% VDC 
accuracy. 

Features include one - 
hand operation, a new 

design LCD display you 
can read even in poor 
light, tough construction 
and a 9 V battery life of 
200 hours. 

Get the Fluke 8020 in 
your pocket from the sole 
suppliers. 
ITT Instrument Services, 
Edinburgh Way, Harlow, 
Essex. Telex: 81525. 

Harlow (0279) 29522 

ITT instrument services 

The only way to buy 

WW - 093 FOR FURTHER DETAILS 
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Celestion 
DI T TON 15 XR 

The new Bitton 15 XR 
gets more inside...out! 

Outside the only obvious sign that 
anything has changed is the symbol. 
Inside it s a different story. 

The Celestion design team has taken the 
Ditton 15 -one of the world's most popular 
high -quality, high -fidelity bookshelf 
loudspeakers -and, by outstanding skill in 
the use of the latest technological 
developments, smoothed and considerably 
extended its frequency response. 

The result is a completely new model, 
with a new name - Ditton 15 XR. 

The new 8" bass unit and A.B.R., and 
the latest HD1000 tweeter, are all purpose 

designed and built by Celestion, offering 
a sound quality normally associated with 
larger and more expensive systems. 

We've put more into a similar space to 
the standard 15 and you get more out for 
your listening enjoyment. 

Hear the new Ditton 15 XR... a 
sound response to popular demand! 

Celestion 
Celestion loudspeakers bring home the world 

I Please send me full details of the Ditton 15 XR. 
Rola Celestion Limited, Ditton Works, Foxhall Road. 
Ipswich, Suffolk IP3 8JP. 
Telephone: Ipswich (0473) 73131. 
Cables: Voicecoil Ipswich. Telex: 98365. 

Name 

Address 

of sound 
07 -13 -10 
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RADIO AND TV SPARES ALL COMPONENTS BRAND- 
NEW. CASH WITH ORDER ONLY. P & P 35np. ALL 
PRICES INCLUDE VAT. AT 12'/ :/u CARRIAGE ON TUBES £1.25 

MAIL ORDER ONLY 
CALLERS BY APPOINTMENT 

PHD COMPONENTSDEPT.2UNIT 7, 

CENTENARY ESTATE, JEFFERIES ROAD, 
ENFIELD , MI DX. 01 -805 4060. TELEX 261295. EXTRA. 

MULTISECTION CAPACITORS DROPPER SECTIONS 

Description 
400 -400/350 3.00 MAINS DROPPERS 
200 -200-150- 50/300 2.50 

Pye 11062 1000- 2000/35 80p 
600/300 1,90 Pye 11009 

600/250 1.55 BRC Mono 1400 
BRC Mono 1500 200-30000/4 2.05 BRC Colour 3000/3500 1500- 1500/30 1.30 
BRC Colour 8000 350 -300/3/30 1.25 BRC Colour 8500 300 - 300 2.25 Phillips G8 200 - 200 -75. 25/350 2 40 

100 - 300 -100 -16/275 1.60 Phillips 210 (with link) 

150 -100 -100 -100150/320 2.60 Phillips 210 

150- 150 -100/350 1.50 RRI Mono 141 

175 -100 -100 2.35 RRI Mono 161 

220/100 32p GEC 27840 
GEC 2000 

2500 -2500/63 1.70 
700/200 1 30 Phillips G9 

400/350 1.55 

16peach 

75v 
1.20 

80p 
75p 
75p 
75p 
75p 
50p 
55p 
65p 
75p 
80p 
75p 
75p 
35p 

DIODES 0Á81 11p BA102 24p BAX13 5p 
ÁA113 14p 0485 Hp BA130 35p BAX16 6p 
AÁ116 14p 0A90 6p BA145 16p BAY38 10p 
AA117 14p OA91 6p BA148 16p IN4148 4p 
AÁ119 8p 0A95 6p BA154 12p BY206 30p 
OÁ 47 6p 0A202 11p BA155 15p 
0A79 6p BÁ100 14p BÁ764 17n 

INTEGRATED CIRCUITS 

MC1307P 1.50 SL901B 5.00 
MC131OP 2.5 0 SL917B 7.00 

.5 SN76003ND TAA350 10 
TAA550 50P SN76013N 
TAA630S 4.00 SN76013N07 
TBA120S 1.50 SN76013ND 
TBA120S0 1.50 SN76023N 
TBA5200 3.00 SN76023N0 
TBA5300 2.50 SN76033N 
7845400 3.00 SN76665N 
TBA550Q 4.00 CA3065 
TBA560CQ4.00 MC1358P 
TBA750Q 2.20 MC1327P 
TBA800 1.60 MC1327PQ 
TBA920Q 4 00 MC1330P 
TBA990Q 4.00 MCI 351 P 

SN76003N 2 75 MC1352P 

.70 

.80 
80 

.60 

.85 
60 

2.75 
2.50 
2.50 
2.50 
2.00 
250 
1.50 
1.20 
1.60 

RECTIFIERS 
BY100 21p 
BY1 26 15P 
BY127 15P 
BY133 22p 
BY182 2.00 
BY238 40p 
BYX10 14p 

TUNER 
N4001 4p 
N4002 5p E LC1043/05 
N4003 6p 5 50 each 
N4004 7p CRYSTAL N4005 Bp 
N4006 9p 4.43 MHz 
N4007 10p 1.90 each 

THYRISTORS 
2N4443 1.20 2N4443 

1.60 
B R 101 45p 
BRY39 45p 
BR100 35o 

Bridge Rectifiers 
BY164 50p 
BY179 65p 

High Voltage 
TV20 1.90 each 

REPLACEMENT COMPONENTS 
Aerial Isolators 1.00 each 
Lopt Korting 10.00 each 
BRC 3500 Cutouts 1.60 each 

TRANSISTORS AF121 30p 
AC107 33p AF124 23p 
AC126 23p AF125 23p 
AC127 30p AF125 23p 
AC12701 50p AF127 23p 
AC128 23p AF139 34p 
AC12801 50p AF178 53p 
AC141 24p AF179 55p 
AC141K 40p AF180 53p 
AC142 24p AF181 49p 
AC142K 25p AF186 39p 
AC153 23p AF239 39P 
AC176 24p AL102 1.05 
AC17601 50p AU107 1.05 

AC187 23p AÚ110 1.85 
AC187K 24p AU113 2.20 
AC188 24p BC107 10p 
AC188K 40p BC108 100 
AC193K 29p BC109 10p 
AC194K 31p BC113 12p 
AD140 45p BC114 19p 
AD142 Sop BC115 19p 
AD143 50P BC116 19p 
AD145 50p BC117 19p 
AD149 1.00 BC118 28p 
ÁD161 45p BC119 28p 
AD162 45p BC125 21p 
AF114 50p BC126 19p 
AF115 23p BC136 19p 
AF116 23p BC137 19p 
AF117 19p BC138 19p 
AF118 48p BC139 19p 

BC142 29p 
BC143 34p 
BC147 12p 
BC148 11p 
BC149 13p 
BC153 19p 
BC154 19p 
BC157 14p 
BC158 12b 
BC159 14p 
BC171 14p 
BC172 13p 
BC178 21p 
BC179 19p 
BC182L 10p 
BC182LB 10p 
BC183L 10p 
BC183LB 10p 
BC184L 10p 
BC186 24p 
BC187 26p 
BC203 15p 
BC204 15p 
BC205 15p 
BC206 15p 
BC207 15p 
BC208 llp 
BC209 15p 
BC212L lip 
BC213L Hp 
BC214L ' 11p 
BC225 15p 

BC237 
BC238 
BC251A 
BC301 
BC303 
BC307 
BC308 
8C327 
BC32B 
BC337 
BC547 
BD115 
80116 
BD124 
BD131 
BD132 
BD133 
BD134 
BD135 
BD136 
BD137 
BD138 
BD139 
BD144 
BD155 
BD157 
BD183 
BD235 
BD237 
BD238 
BDX32 
BF115 

15p 8F118 25p BF274 15p 

11p BF121 24p BF336 34p 
16p BF152 30p BF337 34p 

32p BF154 30p BF338 34p 

59p BF157 30p BF458 59p 
11p BF158 24p BFX29 29p 
9p BF163 24p .BFX84 24p 

12p BF167 24p BFX85 25p 
12p BF173 24p BFX88 23p 
15p 8E177 29p BF X89 30p 

12p BF178 32p BFV50 22p 

64p BF179 32p BFY51 22o 

60p BF180 34p BFY52 22p 

79p BF181 32p BU105/01 190 

44p BF182 43p BU105/04 2.50 
49p BF183 43p 6U108 3.00 
49p BF184 25p BU126 2.90 
4gp BF185 25p BU204 190 
39p BF194 14p 80205 190 
45p BF195 14p BÚ206 190 
47p BF196 14p BU208 3.00 
49p BF197 14p MJE340 65p 
80p BF198 19p MJE520 80p 

2.10 BF199 24p ÁF126 110 
74p BF200 34p MJE3055 73p 

74p BF240 19p MPSUO5 65p 

55p BF241 21p MPSU55 1.25 
74p BF256LC 44p R2008B 3.00 
74p BF257 48p R2009 3.00 
74p BF258 65p R2010B 3.00 

2.50 BF271 15p TIP31A 60p 
19p BF273 15p TIP32A 60p 

VALVES 
DY86/87 Sop 
DY802 SOP 
ECC82 50p 
EF80 45p 
EF183 46p 
EF18 46p 
EH90 OOP 

PCC1B9 1.60 
PCF80 75p 
PCFB6 1.50 
pCF801 6Op 
PCF802 1 50 

PCL82 75p 
PCL82 1 00 
PCL85 90p 
PCL86 90p 
PFL200 85p 
PL36 p 
PL36 90p 
PL504 1 20 

PL509 3.00 
PL519 3.00 
PY500A 1 90 
PY800 65p 
PL802 4.00 

EHT TRIPLERS (Priced each) 

BRC950 2.65 Pye CT205 5.50 
BRC1400 265 Pye731 8.25 
BRC1500 117 ") 2 65 Decca 2030 6 6 
BRC1500 (24") 300 GEC 2028 7.10 
BRC3500 660 GEC2110 7.10 
BRC8000 290 ITT CVC5 6.60 
BRC8500 5.50 RRI 111/174 10.00 ' 

BRC9000 7.75 RRI A823 7.70 
Decca CS190 7.10 Korung90° 7.10 
Phillips G8 7 30 Tanbery 7 10 

I 

N 
U/CTS 

F R 
u 

Here are just some of the 
products stocked by THE UK's 
BIGGEST EQUIPMENT CENTRE, 
ITA:- 

Revox Ta 
Otani 

Itam Quad H 

C 

ORBAN 
PARASOUND from USA 

Dual channel multispring reverb unit. Each channel features four 
springs - far smoother than singly spring systems. "Twang" and 
" boing" are virtually eliminated by incorporating a floating threshold 
limiter. Bass, mid -range EQ and bandwidth controls. The best corn 
pact reverb unit available. 

/10- (14' (#0° '7415 

.,, 

ITAM Compliment 
New Stereo compressor limiter. Competitively priced. Free standing 
self- contained unit, accurate stereo tracking, stepped 1:1, 1:5, 3:1 
plus limiting ratio at 20:1. Switchable attack time, variable release 
time, automatic release time. Input attenuation to accommodate 
large range of inputs. Pre -set adjustable output. Switched link for 
stereo tracking. Visual representation of compression. 
£247 + VAT 

_ Ì1 -7 Harewood Avenue. Marylebone Road 

For further inff ormation write or phone London NW 1. Tel: 01 -724 2497: Telex: 21879 

WW -112 FOR FURTHER DETAILS 
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DIY SPEAKER KITS 
15 -WATT KIT IN CHASSIS FORM 
When you are looking for a good speaker. wh 
not build your own front this kit. 
It's the unit which we supply 

with the enclosures illustrated 
below Size 13 8' (approx.) 
woofer (EMI),tweeter, and 
matching crossover components 
Power handling capacity 
15 watts rms. 30 watts peak. 

£1700 PER STEREO PAIR 

P &Pí3.40 ........... 
EASY -TO -BUILD 

WITH ENCLOSURE 
Specially designed by HT, VC 

for cost -conscious hi -fi 
enthusiasts, these kits 
incorporate two teak- 

simulate enclosures, two EMI 13 8-' (approx.) 
woofers, two tweeters and a pair of matching 
crossovers. Easily constructed, using a few 
basic tools. Supplied complete with all 
easy -to- follow circuit diagram, and crossover 
components. Input 15 watts rms. 

E2800 30 watts peak. each unit. 
Cabinet size 20' 11 9i PER STEREO PAIR 

(approx.). + p & p £5.50 

-1 See Below 
20 x 20 WATT STEREO AMPLIFIER 

Superb Viscount IV unit in teak -finished cabinet. Silver fascia with alimunium 
rotary controls and pushbuttons. red mains indicator and stereo jack socket. £2990 
Function switch for uric. magnetic and crystal pick -ups, tape, tuner. and 
auxiliary Rear panel features two mains outlets. DIN speaker and input P b P £2.50 
sockets, plus fuse. 20 r 20 watts rms, 40 a 40 watts peak, 

*FREE 

COMPACT' FOR TOP VALUE 
How about this for incredible bookshelf value 
from RT -VC! A pair of high efficiency units 
for only f 7.50 - just what you need for low - 
power amplifiers. These infinite baffle 
enclosures come to you ready mitred and 
professionally finished. Fach cabinet measures 
12" 9' 5' (approx.) 
deep, and is in wood 
simulate. Complete with 
two 8" (approx.) speakers 
for max. power handling 
of 7 watts. 

per 
stereo 
Pair 

E850 

+p &p 

£2.20 

To cash or cheque personal shoppers 
A 4 channel Stereo Adaptor to all buyers of the Visicount 20 o 20 
Amplifier at (2990 limited offer. Available separately at £395 

+MOO p&p 
SPECIAL 
OFFER lu e,allll,le 

SPEAKERS Two models Duo Ilb, teak 
veneer, 12 watts rots, 24 watts peak, 
18'. 13. 7', 

(approx.). 

f34 PER PAIR 

+pbpf6.50 
Duo Ill, 20 watts rms, 

40 watts peak, 
27 13" 11'. (approx.) 

f52 PER PAIR 

pfrpf750 

EASY TO BUILD 
RECORD PLAYER KIT 
Ideally suited for the 
constructor who requires 
a complete stereo unit at 

a budget price, comprising 
ready assembled stereo 
amp. module, Garrard auto /manual 
deck with cueing device, pre -cut and 
finished cabinet work. Output 4 watts 95 
per channel, phones socket and 26 
record I replay socket p b p 14.05 

CAR 

RADIO 
KIT 

Complete with speaker, baffle and fixing strip. 
I he !enlist IV for the experienced constructor 
only. The Tourist IV has five push buttons, 
four medium band and wie for long wave band. 
The tuning scale is illuminated and attractive 
small aluminium control knobs are used for 
manual tuning and volume control. The modern 
style fascia has been designed to blend with 
most car interiors and the finished radio will 
slot into a standard car radio aperture. . 

Size approx. 7' 2 - 41, 12 volts pos or peg 
earth (altered internally) p b p £1.50 1250 

Output 4 watts into 4 ohms. . FREE TO PERSONAL SHOPPERS BUYING 
CAR RADIO KIT ELECTROMATE Hear win dew heater 
modern bee element all wiring and switch worth í30o 

Ono speak,) system II of III 

DEDUCT10/ DEDUCT15/ 
671,7rI4-.-ne- 

wsropm Ampl,ne on complete stereo systems using* 
MP60 lyre !tamable cmnpl ele starred Products 

PERSONAL SHOPPERS ONLY 
PAIR STEREO 8 WATT SPEAKERS 
8 bass units with 3" a ppl ox. tweeters power handling 01295 
8 watts imp8ohms. Sue tel" - il' 8;' approx. 
PLINTH N COVER BSR OR GARRARD TEAK FINISH (495 
GOODMAN 5' apple,. 7 watt bass speaker (270 
AM. FM. TUNER P.C.e. with Mullard L.P. 1186. 1185 1181 modules (950 
CROWN 5 push button car radio. LW. MW.12v Pos. nee earth Swells 01595 
output. tone control complete with speaker and fixing kit. in dash type 
STEREO CASSETTE TAPE PLAYER Negative earth only. 3 watts (1650 
per channel output 
AM. FM. STEREO MULTIPLEX CAR RADIO /cassette player in 13600 
dash living Negative earth 5 watts output 
I.C. Stereo 8 Track to Cassette adaptor converts. any 8 track (1895 
player to cassette player. 

GLOBAL Spherical speaker 8 ohms. 5 watts 950 
100K oitiron Ms naricap tuning pots 6 for [1.00 
HEAVY DUTY FIBRE GLASS COPPER CLAD BOARD 1190 
27 x 17 x a - Approx. per sheet only 
DECCA OC10so Stereo Cassette Record deck P.C.B. complete with C295 
switch oscillator coils and tape-heads and circuit diagrams. 

VISCOUNT 
COMBI í650D 
For personal shoppers 
only, this unit comprises 

: 

The 20 20 Viscount ..rd amplifier BSR MP60 Type 
turntable housed in an 
attractive teak finished 
console with smoked acrylic cover. Approx. 
301" 141" 72 " complete ready to connect to the 
speaker system of your choice. 

BSR TURNTABLES 
BSR MP60 TYPE 

Single play record player 
(Chassis form) (15.95 
less cartridge. 

P & P f2 00 
Cartridges to suit above 
ACOS MAGNETIC 

STEREO (4.95 
CERAMIC STEREO (1.95 

PORTABLE 
MONO 
DISCO 

115 

with built -in pre -amplifiers 
'Here's the big -value portable disco console from 
RT -VC! It features a pair of BSR MP 60 type auto - 

return, single play professional series record decks. 
Plus all the controls and features you need to give 
fabulous disco performances 

p b p £6.50 
Simply connects into your £C4oc 
existing,slave or externs! amplifier. t!! 

45 WATT MONO DISCO AMP 
£3500 

p &p 

(2.50 ytgre w v 

Size apprnx w. 

136 5;' 6, 

Here's the mono unit you need to start off with. 
Gives you a good solid 45 watts rms, 90 watts peak 
output. Big features include two disc inputs, both 
for ceramic cartridges. tape input and microphone 
input. Level mixing controls fitted with integral 
push -pull switches. Independent bass and treble 
controls and master volume. 

BSR automatic record 
player deck (Chassis form) 
with cueing devicé and 
stereo 

E9.95 ceramic 
head. P & P (2.00 

TURNTABLE illus. diamond stylus. and 

f29 Popular BSR MP 60 de luxe plinth and 

type, complete with cover. + p & p 

magnetic cartridge, Ready wired £4,50 

30 x 30 WATT AMPLIFIER KIT 

Specially designed by R T -VC for the 
experienced constructor, this kit comes 
complete in every detail. Same 
facilities as Viscount IV amplifier. 
Chassis is ready punched, drilled and 

formed Cabinet is finished in teak 
veneer. Silver fascia and easy -to- 
handle aluminium knobs. 

70 Er 100 
WATTMONO 
DISCO AMP 
Size approx. ' I A 
14 4 10'' - 

Sloping facia,you can use the controls 
without fuss or bother. Brushed alumimium fascia 
and rotary controls. Five smooth acting, vertically 
mounted slide controls - master volume, tape level. 
mic level, deck level, PLUS INTER -DECK FADER for 
perfect graduated change from record deck No. 1 to 
No. 2, or vice versa. Pre -fade level control IPFLI 
lets YOU hear next disc before fading 10 watt 

f57 
it in. VU meter monitors output level. 100 watt (65 
Output 100 watts RMS 200 watts peak. p b p £4.00 

r,/ 
100 + 100 watt Stereo RMS 400 watts peak. 
200 watt mono 400 watt peak. 

Stereo Slave amp. £60 

Stereo pre amp. £45 
PERSONAL SHOPPERS_ ONLY 

PRACTICE GUITAR 
AMPLIFIER WITH 
BUILT -IN SPEAKER 
This budget practice 
amplifier, has been 
specially designed for the 
amateur. who requires a quality 
self -contained unit with all facilities. 2 inputs 
for suc or guitar. the 2nd for record player or 
cassette deck, it also can be used for cine-sound 
amplification. 2 volume controls. 1 for each input. 
also base and treble controls. Power output with 
internal speaker. 10 watts RMS. with restate 
speaker mot supplied) 20 watts (3250 
RMS. Size approx. 17 9 11 . b p £3.00 

Output 30 + 30 '2900 
watts rms. 60 +60 peak +p bp L2.5U 

DECCA 20 WATTS STERE') SPEAKER 
This matching loudspeaker system is hand made, 
kit comprises of two 8 'diameter approx 
hase drive unit, with heavy die cast chassis 
laminated cones with rolled P.V.0 surrounds. 
two 32. diameter approx. domed tweeters 
"omp with crossover networks '2000 

f4.00 p & p stereo pap L 

Order giving your credit card number ONLY 

ALL PRICES INC. VAT AT 12;. %A C 
Ar.. Ignoble rnN. . n.N,. 

Send stamped addlesseti envelope 
I,i oui linr der ,i4lvr n.a u Nn n.d N.. 

NM!, nnu,nianun 

HOME 8 TRACK 
CARTRIDGE PLAYER 
Automatically switches 
programmes monitored by indicators. 
with manual override track selection. This unit will 
match with the Unisound modules and is compatable 
with the Viscount IV aniplifier with Sim teak 
cabinet. approx. 9 8 3' Ph 11£2.50 fke veo 

PYE STEREO 
GRAM CHASSIS 

(Complete with 
circuit diagrams) Itkrrt 

323 EDGWARE ROAD. LONDON W2 
Personal Shoppers EDGWAnE ROAD 938am 5 30rm Hall die Thuns 

21E HIGH STREET. ACTON. LONDON W3 6NG 
ACTON: Mad Order only No callers 

Pri, esro,rnrt as ra press 1 y 77 

Complete ready to install Wave bands LM. VHF 
STEREO. VHF MONO Controls for tuning volume. 
balance, bass and treble. Power output 7 watts 
R M.S per channel 14 watts peak 8 shills 
2 ; 8 approx chassis speakers and 
BSR auto record player deck 

35 PERSONAL SHOPPERS ONIT 
F 00 
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ELE]I!'itJ ¡E 
3F111TIFITS LT0 

315, 317, 364 EDGWARE ROAD, LONDON W2 
TEL: 01 -723 5667 & 01 -402 5580 

Shops and mall order dept (mad to 364) open 9 to 6 Mon- to Sat. inc 

Prices include VAL Carr. /p. & p. quoted U.K. only 

ACCESS & BARCLAY accepted. Minimum order E5 otherwise C.W.O. For credit on 

approved accounts invoicing costs necessitate a minimum order of £20 

T T L BULK USERS 
Please note we have purchased a distributor s enure stuck 
and can oller the following re rt e s in substantial quantities at 
half current 1000 up prices 

7416N 744IAN 
7417N 7443) 
7420N 7445N 
7423N 7445) 
7423J 744611N 

7430J 7445$ 
7437J 7448N 
7437N 7453N 
7440$ 7454M 

7441ÁJ 7460$ 

7470 
7475N 
7480N 
748211 

7483 
7485N 
7485J 
74911111 

7494J 

7494N 

7495J 74151N 

7495N 74153N 

7410N 74155N 

74105M 74155J 

74107J 74156N 

74107N 74180N 

74126) 74180J 

74145J 7418)M 

74150N 74182N 

74151J 74182J 

Also: 7401. 7403. 7410. 7430. 7451. 7474. 

PHONE FOR QUOTATION 

NIXIE TUBES 
ITT. GN4 Red -Standard numerals 0 -9 Complete wi.i 
ceramic base for PCB mounting 1 08" dia x 1 38" high 
plus 1/4" base depth inc pins Operating voltage 170v DC 
min Complete data and connections supplied Brand new 
El .50. p &p 20p 10 off E100 each 100 or more B5p 
each p & p 40p any quantity 
ITT 5870 S Special Otter 95p, p & p 20p 

ROTARY STUD SWITCH 
PLESSEY. 30 w,,, 2 bunk Single pm: 
Contacts 1 amp. 240v AC DC 0051: res -' - 
Make before break Stop infinitely adjust- 
able allowing for any desired arc of travel 
Ideal for instrument and model switching 
Size 21/4" dia overall x 2' /e" deep plus 
1°/s" X ' dia spindle £2.25. p 5 p 
20p 5 off E1.95 each. p & p 40p 

UNI- SELECTOR 
240v AC ur DC operation Split 
30 -way double bank contacts Overall 
stze approx 21/4" dia x 2'1" deep 
Brand new Bargain at E4.50. P & p 

65p 

TRANSFORMERS 
DAVENSET AUTO 
2KVA continuously rated Tapped for any voltage from 
5.260v in steps of 5v With an isolated winding of 
0.5 -10v at 81/2 amps this transformer an extremely 
useful buy Push-on connections Sue 8' x 51/4" x 
61/2" A really robust lob Bargain at £23.50. Carr E3 00 
750VÁ conunuousty rated Tapped as above with 
0 -5.10V isolated winding of 5 amps Same connections 
Size 41/2" x 31/4" x 41/4" Also bargain at £12.50. Car, 
E2 00 
GOODYEAR 1KVa 

o 
transformer 

0-110-115-120-200-220-240v Fully shrouded 
Terminai block connections Size 5" x 41/4" x 51/2" plus 
block Cannot be bettered at £13.95, p & p El 50 
TORROISAL 
Pn 15-0-210-240v Sec 140v at 35 m a 31v at 500 

c t 10v at 1 9 amps Scr Size 31/4" dia x 11/2" 
£3.95 p & p 20p 
MINIATURE 
Pr. 240V Sec 6v at v urne Sire 1 51" x 1'1" x 11/4 

Ideal as power supply base for models radios. cassettes. 
etc E1.50 ea p & p 20p 6 off t 1 00 ea p p 45p 

ARROW SWITCH 
Pies, un Siiigie niole fixing 
SP ST Size 1'., 

x e 

' Stud 
' /z extends " Rated 1 amp at 

240v 21/2 amps at 125v Price 
Ion 5 min qty 1 E1.75 p & p 

30p 10 or more 30n each p & 
p 4011 

REED SWITCHES 
Glass encaps N o conta, ' ,, length 1 ''11" dia 5é" 
overall length 1',, " 10 "' & p 25p 100 off 
£8.00, P & p free 1000 off E68.00, p & p free 

SYLVANIA SWITCH 

Complete to with magnet Contacts 
N C 3 amp Vacuum sealed 
11/4" . ' dia 

10 foe E2.50 
50 for E11.00 
100 for £18.00 
Plus 50p p & p 

any quantity 

MOTORS 
BANCO 1/5 N.P. 1425 rpm 240v 50HZ Split phase 

x 3" long shaft Unused Normally cradle mounted 
offered without Cradle hence low price of £6.55 plus 
r -1 50 carriage 
CITENCO F.M.P. reversible geared 
motor 220 240v 50 Hz t Ph cap 
start coot raring 0 2 amps Gearing 
144/1 final drive 19 rdm Torque 
14 5 Kg /cm 5116" die shaft Sire 
6 37r" dia plus base Brand new 
Limited quantity E14.50 p &p E1 50 
1/8 M.P. reversible geared 
motor 220 240v 50 Hz 

1 Ph cap start mot 
rating Gearing 51 Final 
drive approx 280 rem '. 

dia shaft Siee 14' nt. rlearbox x 5' o" dia plus 
rap and base New Robust £23.95, carr El 00 
ACADEX shaded pole motor Open frame 230v 50 He 
Double ended 5,32" dia spindle. each 11/4" long Ideal 
for fans models etc Sien 11/4" x 2' /" x 1'A" deep plus 
spindles £1.50 p & p 45p 
CROUZET shaded pole motor Open frame 1151230v 
50 He 1425 rpm Sian 21/4" x 21/4" x 11/4" deep plus 
n." long x 5 32" dia spindle E3.50 p & p 62p 

PAPST MOTORS. Noted for advanced 
design and superb construction Rotating 'gtQf 
diecast outer body acts as flyweight and 
eliminates wow and flutter 50 Hz capacitor 
start 
MODEL HSKZ 32 806 12 220v Dual speed tape deck 
motor 500 1000 rpm 12 non drive shaft glues tape 
speeds of 9 53,19 05 cm t3Ú4 7'1 sec I 

respectively Size approx 5m1's dia x 3'1" plus 1 Ye" 
spindle. E18.50. p 5 p E1 10 
MODEL RO 32 65 -4 Dual voltage 125 250u Size 21/4" 
x 31/4" Spindle 5 16" tlia £12.50, P & p E1 10 
MODEL HSZ 20 25 -2 Basically 42v but can be operated 
from mains with additional capacitor A magnificent small 
motor Size 11E" x 21/4" Spindle 5,16" dia £5.95. p 

FANS 
DUAL Ex 

T 
Tw FAN. DUAL 

50 Cp thi ck stack 240v 
shaded pole motors make this a 
h,ghly efficient unit producing a 
powerful airflow Mounted In 
heavy steel frame each has live element 61/2" blades Size 
221/4" x 14" x 5'1" dent) £5.95, carr E2 75 

SOLENOIDS 240V A.C. 
MAGNETIC DEVICES LTD (No 
11 has 20lb pull for 50 "/i duty 
11/4" travel push or pull 
Shackle both ends Size 11/4" 
wide It 31/4" high x 4" long 
plus 3" arm pave) 
£6.75 plus p & p E1 00 
tNo 21 has 2lb pull continuously rated ia" trave Size 
11/2" x 1 "r" h. x 21/4" plus travel E1.80, 30p p & p 

PYE ETHER LTD Thrust operates through spring loaded 
hinged lever giving a tIb pull or push Complete with 
mounttng bracket and push.on connections Size overall 

< bracket 2'z "w x 3 "h x 3'0 long E2.25 p & p 
45p 

RELAYS 
Octal hase 2 C 0 6 amp contacts 
Following voltages 6v 12x 230v A C 

12v 24v 48v 11Ov D C all £1.25 each 
plus base 15p .gostage and packing 15p 
11 pin 3 C O 6 amp contacts 48v 115v 
A C 24v 48v 110v D C all at £1.50 
each base 15p plus 151a p & p 

!zFj 

At, 

PRESSURE SWITCH 
BY TEDDINGTON CONTROLS Adjustable 1 Io 2 lbs ul 
n SPDT Rated 15 amps 250v A C E1.95, P & p 

25p 

SINGLE FAN with motor similar to 
above Very useful in home and 
workshop Remember last summer 
Keep cool this year Onfy £3.95, P5 
p 65p 

LAMPS 

A B C D 

rr 
E F G 
Size 

Type IDia 1 Volt Cur, Type (Dia i Volt Curr 
A 3MM 5-6V 60 MA D 3MM 2-5V 360 MA 
B 4MM 4V 750 MA 5-6 60 MA 

5V 60 MA E 4MM 6V 200 MA 
12V40MA 63200MA 
12V 100 MA 14V 40 MA 
14V 75 MA F 4MM 2 7V 60 MA 
28V 40 MA 12V 160 MA 

C 5MM 28V 40 MA 14V 80 MA 
G 

Small telephone lack type 6 or 24V 
Prim Types A.F E4 00 for 25 50 and upwards 13p each 
Type G 45p each p & p 20p per order 

BENDIX MAGNETIC CLUTCH 
Superb example of electro.me. Dozens of uses 
c hamcs Main body in two m Home. Farm . 

ections coil section fixed with Workshops & Lab 
sleeve drive section rotating - 

hn outer perimeter Uniting plate 
as ' /e" ID bearing c e ceetnc 

with main section and 
cog wheel Extremely powerful 
transmission 24V D C 240 
m a E3.75 Plus P & p 40p 

PCB EDGE CONNECTOR 
CINCH 15" pitch 27 way but designed with adjustable 
Being endplates enabling connector to be cut and used in 
airy length desired 45p, p & p 15e 10 for E4.00, p & P 
30p 

MEM LIMIT SWITCH 
Snap a 

t 

u n 5 amps al 240 410 A C se base 31/4" x 
1 to x l %e" plus heavy duty roller plunger 11/2" ext or 
1" when compressed Very robust for tireless operation 
weamero,uol Piu,,. £2.20 plus p & p 40p 

JABSCO (ITT) ROTARY PUMP 
Self priming Works trom electric drill 

yoor suitably powered motor nfor 4 

. 

nova shalt '. 3 hose pen 
min Throughput pm 2 3 galls per m h at 

2400 rpm Dozens of uses in home 
and workshop Giveaway at £2.75. P 

& p 20p 
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TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide REDIFON TELEPRINTER RELAY UNIT NO. 12: ZA -41196 and power supply 

switch. .9 x .4 cm ins. with crystal CV.2355 and spark gap VX.1046. £16.20 + £1.00 200 -250v. a.c. Polarised relay type 3SEITR 80- 0 -80v. 25mA. Two stabilised valves 

0. post. CV 286 Centre Zero Meter 10 -0 -10 Size S" x 8" x 8" New condition. E10.80, carr. 

g TRANSISTORISED VIDEO INDICATOR (used with above amplifier): 11 z 

as C.R.T. £10.80 + £1.00 post. 
RADAR RECEIVING ANTENNA TYPE X443 Mk. D: Suitable for detecting 
signals on X, K, J and Q bands. 9gHz- 60gHz. Complete with waveguide horns, 
associated crystals. Transistorised amplifier and geared motor, etc. £135.00, 

> carr. approx. £5.00. 
DIODES: CD.384 - £2.00 per 100 + 20p post. 
VACUUM & PRESSURE SEAL TEST EQUIPMENT: Complete with 3 x 4" 
gauges indicating 0 -201bs p.s.i., 0 -301bs vacuum. With stand, hand pump. etc., 

:'E32.40 + E3.00 carr 

sa 

C 

AVO TRANSISTOR ANALYSER CT.446: £37.80, carr. £2.20. 

MARCONI FREQUENCY METER 1026/4: 2000- 4000mHz 'as new' condition 
£32.40 or secondhand condition £24.30. 
1026/2: 100- 160mHz £32.40 'as new' or s /hand £24.30. Carriage for all type £2.00. 

- ANTENNA MAST 36ft: Aluminium, diameter at base 3 ", tapering to 2" at top. 

complete with red hazard lights, stays, guys, etc. Normally used with direction 
finding equipment. Approx. weight 3cwt. £106.90 (including 12,2% VAT), 

carriage rates on request. WITH rotating Antenna suitable for 200- 400mHz 

- £16.90 extra (including 121.2% VAT). 
BURGLAR ALARM BELL: 6 -8v. d.c. £3.24 + £1.00 post. 
MEGGER (Record): 500 volts £21.60 £1.00 post. 
R -216 RECEIVER MANUAL (Photostat copy): £1.50 inc. post. 

MUIRHEAD ATTENUATORS: 75 ohms 0 -8Mc /s 3V MAK 3 ranges 0 -5, 0 -25, 

0 -50dB. £3.24 + 75p post. 

:'POWER UNIT TYPE 234: 200 -250v. a.c. input. 250- 0 -250v. d.e. at 100mA and 6 

- 3v at 4 amps output. E8.10, carr. £2.50. 

ASHCROFT DEADWEIGHT GAUGE TEST SET TYPE 1300: 0 -251bs £64.80 + 

£3.00 carr. 
E.A.L. ANALOGUE DIGITAL CONVERTER TYPE MPD. 120 -0: 7 -bit or 8 -bit 
mode. £70.00, carr. £2.00. 
INSULATION TEST SET 0 to 10 KV, negative earth, with Inisation Amplifier. 
100/230 Volts. AC £45.90, carr. £3.00. 
UNISELECTORS: Reversible action. Twin coils 12012 25 -way 6 -bank. £4.90 + 

75p post. 
FAMOUS 1154 TRANSMITTER as used in Lancasters in World War II 
(collector's item). £12.50, carr. £4.00. 

RACAL RA -17 RECEIVER 500KHz- 30mHz, s /hand, good condition. £365.00 
(including VAT 1212'.,). 

EVERSHED SAFETY OHM METER: Max IOmA. Test pressure430v. Complete 
in leather case. £27.00, post £1.00. 

£2.50. 
SOLARTRON PULSE GENERATOR TYPE G1101 -2: £81.00, carr. £2.50. 
TELEPRINTER TYPE 7B: Pageprinter 24v. d.c. power supply, speed 50 bauds per 
min. S /hand cond. (excellent order), no parts broken £21.60, carriage £3.50. 

AUTO TRANSFORMER: 230v. 50c /s, 1000 watts. Mounted in strong steel case 5 

x 612" x 7 ". Bitumen impregnated. £12.96, carr. E2.00. 

CRYSTAL TEST SET TYPE 193: Used for checking crystals in freq. range 
3,000- I0,000kHz. Mains 230v 50hz. Measures crystal current under oscillatory: 
conditions and the equivalent resistance. Crystal freq. can be tested in 
conjunction with a freq. meter. £27.00, carr. E2.00. 

CATHODE RAY TUBES: 5" screen, tupe CV -1536 £4.32 + £1.00 post. Type 95J20 - 
square face 5" x 3" £8.10 + £1.00 post. 
WEATHERPLOTTER RECEIVING SET AN /GMH -5: Facsimile reproducing 
system for weather maps. Further details on request. £459.00 (inc. 8% VAT). 
CLASS 'D' WAVEMETER NO. 1: Crystal controlled heterodyne frequency - 
meter covering 2 -8mHz. Power supply 6v. d.c. Good s /hand cond. £9.20 + £2.00 

carr. 
RING TOROIDAL DUST CORES: Size 21.2" outside, 13/4" inside, 5/16" thick. Box 

ROTARY INVERTERS TYPE PE -218E: Input 24 -28v. d.c. 80 amps. 4,800rpm. 

Output 115v. a.c. 13 amp 400 c /s. IPh. P.F.9 £21.60 + £3.00 carr. 
FREQUENCY METER BC -221: 125- 20,000kc /s complete with original: 
calibration charts. Checked out, working order. £22.70 + £2.00 carr. 
RECTIFIER UNIT: 200 -250v. a.c. input. 24v. d.c. at 26 amps output continuous 
rating. £37.80, carr. £5.00. 

of two £1.10 + 30p post. 

PAPER TAPE:1 1/2" roll (teleprinters, etc.). Box of ten rolls £1.50 + £1.00 post. 
CREED 75 TELEPRINTER: Rec. /Tx, s /hand, good condition £48.60 + £9 Carr. 
CREED TELEPRINTER TABLE: £25.00 + £5 Carr. 

BARGAIN MAPS 
Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. 

including: - 
ONC -E1 - U.K. in full and part N.W. Europe. Scale 1:1,000,000. 
INC -9N - N. Europe, U.K., Scandinavia. Scale 1:2,00(1,000. 

.1N -21N - Europe (Mediterranean). Scale 1:2,000,000. 
SIZE: 58" x 42 ". colour. Many others. Please send S.A.E. for list. 

Price each 70p (inc. p + p) 
25 x Maps (either sanie type OR assorted) £10.00 + £1.00 p + p. 

111 s Mans (eitIier saine tvne OR assorted1 £6.00 1 int'- n nl 

Above prices include VAT at 8 °a (except where stated) 

Carriage quotes given are for 50 -mile radius of Herts. 

Ele 

Et 

Visit our new shop in We High Street' 
(old Alo) opposite Church. 1005 of 

is 

individual bargains for callers. If you wish E H TS SG 
to collect any of the above items please 

Ei telephone prior to calling to avoid MILLS 3 & 3a BALDOCK STREET, WARE, HER TS. 9DT 
WARE 66312 (STD 0920) 

disappointment. 
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Mini -priced 
breadboards for 
maxi -sized 
projects. 
Experimentor'' low -cost solderless bread- 
boards are the first in the world specially 
designed for 0.3 "and 0.6" pitch DIP's. 

They clip together by an exclusive 
interlocking system in any configuration. 
(just like dominoes), so you arrange the 
breadboards to suit:your.circuit, 
not vice -versa. 

They are precision moulded from 
durable, flame- retardant plastic, 
and feature alphanumeric 
coding for easy circuit ( j 
building, and 
non-corrosive, pre-stressed 
nickel -silver alloy contacts- 
rel iable for well over 10,000 insertions. 

117 

EXCLUSIVE 
INTERLOCKING 
SYSTEM. 

__E 

TOP BOTTOM 

Anlllllllllllllll 

I I I I I i I i I I I I I I I I I I I I 

Contact resistance is a mere 0.4mnand 
interterminal capacitance is typically less 
than 5 pF.The Experimentor is usable to 
over 100 MHz. 
Experimentor 600 and 650 models are 
ideal for RAM's ROM's and PROM's 
(0.6" centre IC's) while the 300 and 350 
models are for smaller DI P's (0.3" centres) . 

All four models, of course, also take all 
standard components, the 0.1 " grid being 
compatible with transistors, diodes, LED's, ' 

capacitors, resistors, pots -in fact any 
component with lead sizes between 0.015" 
and 0.032" 

r 
A'useful quad bus strip (EXP4B) further 

Get your hands 
on an Experimentor 

and stop 
wasting time! 

Centre 5 -wa y 
Model Length" Width" channel" tie points 
EXP300 
EXP350 
EXP600 
EXP650 
EXP4B 

Bus Price All units are 0.330' deep. 
6.0 2.1 0.3 94(470) 2(80) £6.77 Prices include VAT (8 %) and p& p for 
3.6 2.1 0.3 46(230) 2(40) £3.69 UK Orders. 
6.0 2.4 0.6 94(470) 2(80) £7.35 Add 5% to all orders outside UK. 
3.6 2.4 0.6 46(230) 2(40) £3.99 All prices and specifications correct 
6.0 1.0 N 'A N/A 4(160) £2.83 at the time of going to press. 

expands the versatility of the system for 
the MPU user. 

Experimentor breadboards can be used 
alone or mounted on any convenient flat 
surface, thanks to moulded -in mounting 
holes and vinyl insulation backing that 
prevents short circuits. Mount them from 
the front with 4 -40 flathead screws or from 
the rear with 6 -32 self tapping screws. 

But however you use them, Experimentor 
breadboards are the quickest and easiest 
way to build and test circuits. 
If you're working on IC's, MPU's, memories, 

displays or any other circuits, buy the 
breadboards that are designed for you. 

Ring us (01- 8900782) with your Access, 
Barclaycard or American Express number 
and your order will be in the post that night. 

Alternatively, send a cheque, or postal 
order (don't send credit cards!) and it 
still only takes a few days. 
Otherwise ask for our complete catalogue. 

CONTINENTAL SPECIALTIES CORPORATION 0= 
CONTINENTAL SPECIALTIES CORPORATION (UK) LTD . SPUR ROAD. NORTH FELTHAM TRADING ESTATE. FELTHAM. MIDDLESEX TW14 OTJ. TELEPHONE. 01-890 0782. 

REG IN LONDON. 1303780 VAT NO. 224 8074 71 TRADE MARK APPLIED FOR CSC (UK) LTD 1977 DEALER ENQUIRIES WELCOME. TELEX. 8813669CSCLTD 
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PROTECTION FOR YOUR TAPES! 
R.B. ANNIS HAN -D -KITS NOW AVAILABLE IN EUROPE! 

Valuable audio and video tapes can be damaged 
when played on equipment that is not thoroughly and 
regularly demagnetized. Magnetism can easily 
build up in capstans, tape guides or recorder heads 
to a point where it will degrade the magnetically 
recorded signal on tapes passing over them. Tape 
damage is first apparent as a loss of recorded high 
frequencies and a progressive increase in 

background noise each time they are played on 
magnetized equipment. 

Until recently, there has been no easy way to tell 
when demagnetizing was needed. and most 

Demagnetizers on the market were far too weak to 
be effective, particularly on offending hardened 
steel guides or capstans, etc. Now, with the 
introduction of the Audiophile Hand -D -Kit, both 
measurement and correction problems can be 

solved easily at modest cost. 

Here in one convenient package is everything 
needed to measure magnetic levels quickly. along 
with a handy, powerful unit to demagnetize 
components completely before they can spoil 
valuable tapes. 

HERE'S WHAT THE AUDIOPHILE HAN -D -KIT CONTAINS 

ANNIS POCKET MAGNETOMETER 
Measures level of magnetism in components. 

Calibrated to read directly In guass. 
Model 20 / 85 shown. 

TEST STRIPS 
One of these sensor strips is magnetically soft and the 
other magnetically hard. For experiments and testing 

your demagnetizing technique. 

CLIP -ON EXTENSION PROBE 
Extension probe is 11" long Can be formed with 

fingers Improves checking of magnetism m hard to 
reach components ` n's 

Photo shows extra long probe - and 
standard Han- D -Mag. Both so powerful 
that they can be used for occasional bulk 
erasing of cassettes and %a" tapes. 

"NOTES ON DEMAGNETIZING" ETC. 
Explains causes of magnetism. with particular reference 
to tape recorders. How to measure it accurately and 
how to elrminate it 
Interesting experiments also included. 

ANNIS AUDIOPHILE HAN -D -MAG 
A rugged dual -use Demagnetizer having a powerful, 
sine wave demagnetizing field strength of over 350 
oersteds '/," beyond the tip of the 21/2" long probe. . DISTRIBUTOR FOR EUROPE 

WANT TO KNOW MORE? 
WRITE FOR YOUR FREE COPY OF OUR 8 -PAGED 
BROCHURE INCLUDING "NOTES ON 
DEMAGNETIZING " 

II 

a dio system, sweden 
FACK, S-132 02 SALTSJO-BOO, SWEDEN 

RR411 

hu 

! tW -073 FOR FUPTMER DETAILS 

NEW COMPONENTS 
Resistors. 5'-70 carbon E 1 2 10 to 10M 

1 /xW 1' /z p. 1W 3p. Preset Pots 
subminiature O 1W E3 1000 to 4M7 
Vertical 9p, horizontal 9p. Potentiome- 
ters 0.25W E3 4K7 to 2M2 log or he 

Single 30p, dual 95p. Polystyrene 
Capacitors Ell 63V 22pf to 8200pf 
31/2p. Ceramic Capacitors, vert 50V E6 
22pf to 4700p1 3p. Polyester Capaci- 
tors 250V E6 01 to t mf 5 Vzp. 15 22 
7p. 47mf 11p. Electrolytics 50V. 47, 
1. 2mí 5p. 25V 5 1omf 5p. 16V 22. 
47mf 6p. 100m1 7p. 220m1 9p. 470mí 
11p. 1000mí 18p. Zener Diodes 
400mW E24 3V3 to 33V 81/2 p. 

TV GAMES CHIP 
AY -3 -8500 E6.95. Printed circuit and kit 
of extra parts £10.95. Colour model 
E24.95. Send sae for data 

MAINS TRANSFORMERS 
6 -0 -6V 100mA 94p. 9 -0 -9V 75mA 94p. 
12-0 1 2V 50mA 94p. 0 1 1 2/ 1 5/ 
20/24/30V 1A E3 -85. 0/12/15/ 
20/24/30V 2A £5.15. 6 -0 -6V 11/2A 

E2.75. 9 -0 -9V 1A £2.39. 12 -0 -12V 1A 
£2.69. 15-0 1 5V 1A E2.89. 30 -0 -30V 
1A £3.59. 

BATTERY ELIMINATOR BARGAINS 
3 -WAY MODELS 
With 4 -way multiiack connector Type 1 

3/41/z 6V at 100mA E2.30. Type 2 

6 / 7' /z / 9V 300mA E2.90. 
100MA RADIO MODELS 
With press -stud connectors 9V E3.45. 
6V E3.45. 9 +9V E5.15. 41,2+4' /V 
£5.15. 6 +6V £5.15. 
150MA CASSETTE MODELS 
70V with 5 pin DIN plug E3.65. 
FULLY STABILIZED MODEL 
£6.40 Switched 3; 6' 71/2 /9V 400mA 

PRINTED CIRCUIT KITS, ETC.* 
Contains etching dish. 100 sq in of pc 

board, t lb ferric chloride etch resist pen. 
drill bit and laminate cutter E3.85. 116 

ferric chloride £1.05p. 100 sq in pc 
board 80p. Etch resst pen 75p. 

S-DECS AND T-DECS 
S-DeC E1.94. 
T-DeC E3.61. 
uDeCA £3.97. 
u-DeCB £6.67-, 
16 DIL IC car- 
riers £1.91. 

BI -PAK AUDIO MODULES 
5450 Tuner £21.95. ALSO £4.86. 
PA100 £14.95. MK60 Audio Kit 

£36.45. Stereo 30 £17.95. SPM80 
£3.75. BMT80 £4.25. 

BATTERY ELIMINATOR KITS 
100mA Radio Types with press stud 
battery terminals. 41/2V £2.10. 6V £2.10. 
9V E2.10. 4' /xV +41/2V £2.50. 6V +6V 
£2.50. 9V +9V £2.50. 
Stabilized 8 -way Types transistor 
stabilized to give low hum 
3/ 4' /I6í 71/2/9/12/15/18V. 100mA 
model £3.20. 1 Amp model E6.40. 
Heavy Duty 13 -way Types 
4'6'617 8'/'11/13/14/17 /21/25/ 
28. 34,42V 1 Amp £4.85. 2 Amp 
£7.95. 
Car Convertor Kit. Input 12V DC. 
Output 6/ 71/2 / 9V 1 Amp regulated 
£ 1.95. 
Stabilized Laboratory Power Kit. 
Switched 1 to 30V in 0 1V steps 1 Amp 
£12.45- 2 Amp £14.95. 
SINCLAIR IC20 
IC20 10W +10W stereo amp kit with 
printed circuit £6.95. PZ20 power supply 
for above £3.65. VP20 control and 
preamp kit £8.95. Send s a e for free 
data 

SINCLAIR MICROWONDERS 
Sinclair pocket TV £165. Cambridge 
scientific programmable calculator 
£13.95. Frog library £4.95. Mains 
adaptor E3.20. Cambridge scientific 
£8.95 Oxford scientific £10.60. 

JC12 ANDJC40 -_y 
AMPLIFIERS C' < . 
JC126W IC audio ' 

amp with data and 
printed circuit 
£1.95. lM 
Also new JC40 20W model with pcb 

£3.95. Send s a e for free leaflet 

FERRANTI ZN414 
IC radio chip £1.44. Extra parts and pcb 
for radio £3.85. Case £1. S a e for data 

SWAN LEY ELECTRONICS 
DEPT WW, PO BOX 68, 32 GOLDSEL RD. SWANLEY, KENT BR8 8TC1 

Mail order only No callers Senil sae for tree data on kits Post and packing 30{. Prices 

include VAT Official orders welcome Overseas customers deduct 71/4 VAT on items marked' 

and 1195 on others 

o 0 0 0 0 0 0 o O 

FEE3 
Design Service 

All types of Artwork 
Assembly and Drilling Drawings 
Component Identity Screens 

Solder Resist Masters 

o 
o 

o 

o 
PADS Electrical Ltd 
45 Southwood Road 

New Eltham London SE9 
01 850 6516 

0 0 0 0 0 0 0 0 0 
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T.T.L. 74 I.C.s By TEXAS, 
NATIONAL, I T.T. FAIRCHILD, Etc. 

1.100 14p /1 =8 40p %83 85p /l, "il 10Op Sop I' - 1009 140p 11111 

7101 14p 7430 15p /485 100p /411 65P 90p 11 /ii 140p .' 120p 

1 
1.102 14p /132 25p /486 30p 7413 1009 4 125P 1179 1409 i 1209 141 

/403 14p /437 25p 7489 250p 74136 80p 125P 1180 100P 1 1009 

1 
7404 14p /438 25p 7490 35p 7413/ 1009 125p 1187 200P ''1009 

'lOS lap /440 15p /491 75p /4138 125P 3259 118[ 75p '. 1009 

1 
5406 40p /441 65p 7492 45p 7413`9 1009 200P -1184 150p 100p 
'101 40p /142 65p 7493 40p 74111 bap i 150p '4185 1509 185p 

1 
/108 20p /445 80p 7495 60p 74'1 2709 1 1009 '1188 350p 1 /1859 
.109 20p /446 85p /496 70p 74143 270p .: , 75p .4189 350p 
.110 15p /447 75p /4100 95p /4141 270p 6 1009 i,90 140P 
lit 20p 7448 70p 74103 40p /414. 75p 

1 
1 

-117 20p /150 159 4106 40p 14141 230p 

;413 30p /451 Isp /4107 30p 74148 160p 1M741 25p LM555 35p 

1 
;114 60p /453 15p /4109 50p 74150 1209 E20 -00 E30.00 

_rib 30e /454 15p /4118 90p /41'41 65p 

1 1 
31 / 30p /460 15p /4t ,',, 90p 74153 65p WIRE WOUND RESISTORS ST VTM 
/120 159 /4 /0 30p /4121 25p 74154 1209 5K 9 Waits 

lit 
7122 209 472 25P 4112 40p 14155 70p £1.00 
,123 25p /173 30p /412.1 60p /4156 70p E6.00 1 

1 5125 25P '414 Sop /4125 50p 1415/ 709 E50.00 
7426 25p 5475 30p /4126 50p /4161 90p ' £400.00 1 

1 
/427 25p 1/h 30p /4110 130p 7416 90p 

III XEROZA RADIO 1 

1 306 ST. PAUL'S ROAD, HIGHBURY CORNER, LONDON, N.1 - Telophxn 01 -226 1489 

V / / // / / // / / / / / / / / / / / / / / // 
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SINTEL FOR KITS FAST SERVICE We guarantee that Telephone Orders for gonds in stock, received by 4.15 p.m. (Mon -Fri) will be despatched 
on the same day by 1st Class Post (some heavy items by parcel post) and our stocking is good. Private customers should 
telephone and pay by giving their Access or Barclaycard number, with s mrnrmum order value of E5. Official orders, no minimum. 

ANNOUNCEMENT 
FURTHER INFORMATION ON Z80 COMPUTER SYSTEMS 

AVAILABLE SOON FROM SINTEL 
We wail be of fenny Iwo different packages The first system the RESEARCH MACHINES 3802, will be 
available buds and tested and also in kit form This is a fully independent computer system when used in 
onlunction with a television and cassette recorder 

The second system the RESEARCH MACHINES 2502, will be available in encased ka form with a low 
cost keyboard The RESEARCH MACHINES 280Z is designed to set a new low re computer system pricing 
and d will bang a full computer system within reach of many more private computer enthusiasts 
(These computers are designed and manufactured in Oxford by SINTEL S parent company RESEARCH 
MACHINES LIMITED. and will be sold through SINTEL ) 

RESEARCH MACHINES 3502 has the following specifications 
INTEGRAL VDU The 380Z has a UHF output which plugs into the aerial socket of a completely unmodified domestic television The TV screen will then display 24 rows of 40 characters (960 
characters) The unit can display the 128 character IS07 set, including upper and lower case ASCII Each 
character position on the VDU is written in to and can be read by the CPU as a memory location This means 
that the VDU is software controlled and can be programmed to operate in any mode. including page mode. 
scrolled immediate mode editing. or fully addressable cursor. The whole VDU can be filled with new data in 
less than 1omSecsl Screen refreshing does not use any of the Z80 s time VDU GRAPHICS The 380Z can display graphics on the TV screen or, a matrix of 80 (horizontal) e 72 (vertical) Graphics and alphanumeric characters can be intermixed Because of the high speed software control. the VDU can display dynamic graphics for games and simulations INPUT Very high quality robust keyboard with 
ASR -33 standard layout CASSETTE INTERFACE CUTS. Kansas City standard 300 bits per 
second CPU SPEC Z80 Microprocessor Fully buffered bus RANDOM ACCESS MEMORY 4K 
bytes dynamic RAM minimum The system can accommodate up to 32K bytes without adding anci ' 
PCBs Using a page select mode. the computer memory can be expanded mdefrnitely FIRM 
WARE (Software supplied and available at Switch -On. in ROM. otherwise known as the MONITOR I MONITOR COMMANDS. List Memory. Modify Memory, Load from Cassette, Dump On (tassel.. Single 
Step 'Trace'. Go To User Programme. Breakpoint, etc 
SOFTWARE. Wend' be offering. Extended Monitor, Various Basics, Text Editor with both sequential and 
immediate erode. Machine Language Graphics Subroutines, Games Packages, Resident Assembler 
HARDWARE CONFIGURATION. Computer is housed re an instrument case with power supply. and a lot of room for expansion Keyboard is on a separate case 

RESEARCH MACHINES 280Z 
An exciting new low cost computer using the Z80 microprocessor suitable for amateur use or as a 

professional Engineer s Computer Development Ka RESEARCH MACHINES 2802 features optional 
power supply a low cost keyboard, VDU UHF output providing an ASCII alphanumeric display on a 
domestic television cassette interface and a reasonable amount of randbrn access memory This system 
offers exceptional value for money It will cost somewhere between the price of aManufacturer s 
Development Kit using hex display and keyboard and a fully cased computer system 

STOP PRESS: FOR PRICES CONTACT SINTEL 

A RANGE OF SINTEL INDUSTRIAL MODULE KITS 
KITS FOR LATCHED 
COUNTER MODULES 
Latched Counter modules are now available 
from SINTEL using both CMOS and TTL ICs 
These kits will give you a very compact unit 
at less than the cost of the components 
bought separately and' will save you 
considerable design purchasing, building 
and debugging time Each kit has a set of red 
LED displays, two PCBs and the appropriate 
number of TTL or CMOS ICs. plus brackets. 

resistors. capacitors. single in -line plug 
and sockets and instructions 

COUNTER PCB SETS 
Seis of 2 PCBs plus brackets layout 
circuit and instructions 

Digits 
TTL 

Part No. Price 
CMOS 

Part No Price 
2 digit 526 -4t2 E10.52 548-470 E 10.42 
4 digit 657 -412 E17.95 191-470 E18.11 
fi digli 721 -412 E25.66 869-470 E25.85 

2 digit 915 -950 £2.97 855-950 £2.48 
4 digit 246 -950 £4.53 462-950 E3.73 
6 digit 610 -950 E6.18 719-950 E5.01 

For other Counter Sets and Modules available from SINTEL please send for our FREE CATALOGUE which 
will he sent by return past 

SETS OF JUMBO DISPLAYS WITH 
DISPLAY HOLDING PCBs 
These display holding PCBs will make your 

TYPE 
Non -Multiplexed 

COMMON 
ANODE 

Pan No Price 

COMMON 
CATHODE 

Pen No Price 
circuits neater more attractive and save you 
time Each kit consists of the appropriate 2 digit Counter 574 -822 E3.37 446 -822 E2.97 

r number of 05 red LED displays (either 4 digit Counter 777 -822 E8.63 128 -822 E5.63 
common anode TIL321 FND507s or 
common cathode 711322 FND500s) and a 

6 digit Counter 
Multiplexed 

684322 E9.89 2714922 E8.69 

display holding PCB OPTIONS PCBs wired 4 digit Clock 301 -822 E6.66 262 -822 E5.86 
Mr multiplexing or 

t 

multiplexing. clock b digit Clock . 417 -822 E10.15 452.822 E8.95 
format or counter loynat 8 digit Counter 119322 E13.09 515 -822 E11.49 

Our offices are at 209 Cowley Road. Or lord, but please do not use this as d postai ad<Iies' 

ALL PRICES ARE VALID UNTIL DECEMBER 31, 1977 

OFFICIAL ORDERS ARE WELCOME Iront Companies, Govt. Depts.. New Inds., Univa., Pelee.. etc. 

ORDERS: C W O add VAT @8 % + 35p p &p TELEPHONE and CREDIT( Invoice) Orders add VAT@ 8% + 6Op 
p&p (Min charge The balance will be added at cosy) 'FAST SERVICE' EXPORT Orders welcome, no VAT but 
add 10% (Europe), 15% (Overseas) for Air Mal p&p Fo$Espoft postage rates on heavy items - contact us first 

SINTEL .171. 

SEND YOUR 
ORDER TO 

SINTEL 
PO BOX 75C, OXFORD 
Tel. 0865 49791 
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MEK 6800D2 
A SELF- CONTAINED MICROCOMPUTER KIT 

KEYBOARD DATA ENTRY 
6 DIGIT HEX DISPLAY 
INTEGRAL CASSETTE INTERFACE 
256 WORDS OF RAM 
SINGLE +5V POWER SUPPLY £ 190.00 

CMOS 24015 11144 
CD403t 
CD4032 

2.30 
1.02 

CD4048 
CD4049 

0.58 
0.58 

CD4i, 
CD40/:i 

0.23 
0.23 

C041)98 
CD4099 

1.13 
1.90 

Mainly RCA CD4016 0.58 CD4033 1.44 CD4050 0.58 CD4073 0.23 CD4502 1.24 
CD4017 1.04 CD4034 1.97 CD4051 0.94 CD4075 0.23 504510 1.41 
CD4018 1.03 CD4035 1.22 CD4052 0.94 CD4076 1.34 CD4511 1.72 
C040t9 0.58 CD4D36 3.29 C04053 0.94 CD4077 0.45 CD45t4 2.84 

CD4000 0.17 C04020 1.28 C04037 0.95 CD4054 1.20 CD4078 0.23 CD4515 3.24 
CD4001 0.18 CD4021 1.04 C04038 1.10 CD405S 1.36 CD4081 0.23 CD4516 1.40 
C04002 0.17 C04022 0.94 CD4039 3.20 CD4056 1.36 Co4082 0.23 CD4518 1.25 
CD4006 1.20 CD4023 0.23 CD4040 1.11 CD4059 4.93 CD4085 0.74 C0452() 1.19 
CD4007 0.18 CD4024 0.80 C04041 0.86 CD4060 1.15 CD4086 0.74 CD4527 1.64 
C04008 1.00 CD4025 0.23 C04042 0.86 C04063 1.13 CD4089 1.80 CD4532 1.39 
CD4009 0.58 CD4026 1.78 CD4043 1.01 CD4066 0.63 CD4093 0.92 504555 0.90 
C04010 0.58 CD4027 0.55 504044 0.96 CD4061 3.85 CD4094 1.94 CD4556 0.90 
CD4011 0.20 CD4028 0.92 CD4045 1.45 C04068 0.23 CD4095 1.08. 1,1 C14528 1.22 
CD4012 0.23 CD4029 1.18 CD4046 1.37 CD4069 0.23 504096 1.08 MC145S34.68 
CD4013 0.58 CD4030 0.55 C04047 1.04 504070 0.51 504097 3.85 iM6508 8.05 

COMPONENTS 
SUNDRIES CLOCK CHIPS 
CA313U 0.94 Ar51202 3.10 

4741 0.40 An51224 3.50 
MPM. MK502535.13 0 
6800), P 15.97 
6820 8.02 
ZBO ),P 25.44 
ZBOA), P 35.98 
Z80 PIO 12.50 
Z80 -CTC 12.80 
DISPLAYS 

1.30 
1.50 
1.49 
4.90 

CRYSTALS 
/ Ib8kHr 3.50 

5 12MHz 3.60 VEROCASES 
151410) 3.38 
1514110 4.10 
7'ßt 237J 2.50 
/51236D 3.00 
/51239K 3.58 

FLAT CABLE 
2.1wlm 1.00 

SO LD ER CON 
PINS 

r)í1 0.50 
1 sun 4.00 
i x11(1 10.50 

MEMORIES 
9131 18.42 
21i,2A 6 2.05 
11110 4 2.90 

5.09 

SEND FOR FREE SINTEL CATALOGUE 
FOR DETAILS OF OUR 

4 red diyu Desk clock E15.50 
4 green digit Desk i till -k E12.95 
b led digit Alam i Io,.k E28.80 
6 red digit Car clock wrrh larney Time, E41.90' 
4 red digt C.ir ,lui -k whir Kt.) Control and Baltes, Back up 

E18.85 
50Hr Crystal Titrebase kit E5.45 

THE SINTEL FREE CATALOGUE 
ow easy ro use FREI CATALOGUE he s 

i 

to you cc 
n Ist Class Po, l s lull r,termal un rn ut lots 

and modules and ou, luu component ran ye wirk pinni,r. 
wirr diagrams and lull spec,irapons 

Requests by post n telephone to SIN( PL P 0 Bo. 755 
OXFORD Eel Osto,d 108657 49 79 7 

DATABOOKS 
Intel Memory Design Handbook £5.20 
Intel 8080 Microcomputer System User's Manual £5.25 
Intel 8085 Microcomputer System User . Manual £5.15 
Motorola Booklet From the Computer to the Microprocessor E1.80 
Motorola McMOS Detabook (Vol. 5 Series B) £3.50 
Motorola M6800 Microprocessor Applications Manual £12.95 
Motorola M6800 Programming Manual £5.35 
National SC/ MP Introkit User's Manual £0.75 
National SC/MP Technical Description E1.80 
National Semiconductor TTL Detabook £2.70 
RCA CMOS and Linear IC Databook £5.45 
Texas Instruments Pin Configuration Guide E2.95 
280 Asasnsbly Language Programming Manual £7.50 
Zilog 280-CPU Technical Manual £5.60 
Zilog Z80 -CTC Product Specifications £0,50 
Zilog 280 -PTO Technical £0.60 
DATASHEETS at 75p each on IM6100. 6800 SC - MP CDP1802 2650 TMS550t TMS8080 
9131. Z80uP. Intel 88085. Also free data on some components 

ELECTRONIC POWER UNITS 
FOR XENON ARC AND MERCURY ARC LAMPS 
UNITS AVAILABLE FOR LAMPS RANGING FROM 75 TO 6500 WATTS. 

Lamp housings and lens systems manufactured as standard off the shelf models or Iii 
specific design. 

K. T. Manners Design Ltd. 
P.O. Box 936, London, W.4. Telephone 994 7155 

C.H.L. CONCOURSE 
INSTRUMENT 

CASES 
our Concourse range 
instrument cases are manufactured 
'nom PVC coated steel in a simple two 

i iice construction giving maximum 
eecess to chassis mounted commie 
nts 

Write or phone for further details 

CH L Components 
Appleby St. Mill 
Appleby St. 
Blackburn, Lanes. 
Blackburn 56546 Sales office: 

Skelmersdale 20747 

WW - 101 FOR FURTHER DETAILS 
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7400 í6pby 
74H00 28p 
74S00 63p 
74LS00 30p 
7401 18p 
7402 18p 
7403 18p 
7404 23p 
74H04 36p 
7405 25p 
7406 43p 
7407 43p 
7408 25p. 
7409 27p 
7410 18p 
74H10 28p 
7411 24p 
7412 25p 
7413 36p 
7414 75p 
7416 33p 
7417 36p 
7420 18p 
7421 40p 
7422 22p 
7423 37p 
7425 30p 
7427 37p 
7428 36p 
7430 18p 
7432 36p 
7437 36p 
7438 36p 
7440 19p 
7441 75p 
7442 70p 
7443 140p 
7444 140p 
7445 120p 
744R 100p 
744/ 85p 
7448 80p 
7450 18p 
7451 20p 
7453 20p 
7454 18p 
7460 18p 
7470 36p 
7472 30p 
7473 34p 
7474 34p 
7475 45p 
7476 36p 
7480 50p 
7481 95p 
7482 90p 
7483 90p 
7484 110p 
7485 120p 
7486 34p 
7489 320p 
7490 40p 
7491 85p 
7492 55p 
7493 40p 
7494 90p 
7495 70p 
7496 84p 
7497 340p 
74100 120p 
74104 65p 
74105 65p 
74107 36p 

TEXAS 
74109 89p 
74110 55p 
74111 90p 
74112 96p 
74116 200p 
74118 84p 
74120 120p 
74121 32p 
74122 54p 
74123 76p 
74125 73p 
74126 70p 
74128 75p 
74132 70p 
74136 75p 
74141 75p 
74142 320p 
74145 90p 
74147 190p 
74148 160p 
74150 1400 
74151 72p 
74153 85p 
74154 150p 
74155 90p 
74156 90p 
74157 90p 
74158 140p 
74159 190p 
74160 120p 
74161 120p 
74162 120p 
74163 120p' 
74164 120p 
74165 220p 
74166 160p 
74167 340p 
74170 250p 
74172 720p 
74173 160p 
74174 120p 
74175 85p 
74176 120p 
74177 120p 
74179 160p 
74180 110p 
74181 298p 
74182 82p 
74185 150p 
74186 920p 
74190 160p 
74191 160p 
74192 120p 
74193 160p 
74194 120p 
74195 95p 
74196 120p 
74197 120p 
74198 250p 
74199 250p 
74221 160p 
74251 140p 
74265 90p 
74278 290p 
74279 140p 
74283 190p 
74290 150p 
74293 150p 
74298 200p 
74365 150p 
74366 150p 
74390 200p 
7439,3. 225p 

C-MOS I.Cs 
CD4000AE 20p 
C04001AE 20p 
CD4002AE 20p 
CL1006AE 95p 
CD..307AE 20p 
CD4009AE 61p 
CD401.'.° 20p 
CD4012. 20p 
CD4013A:. 55p 
CD4015A, 90p 
CD4016AE :Op 
CD4017AE 100p 
CD4018AE 110p 
CD4019AE 52p 
CD4020AE 120p 
CD4022AE 100p 
CD4023AE 22p 
CD4024AE 80p 
CD4025AE 22p 
CD4026AE 170p4 
CD4027AE 65p 
CD4028AE 98p 
CD4029AE 120p 
CD4030AE 55p 
CD4040AE 120p 
CD4042AE 90p 
CD4043AE 100p 
CD4046AE 140p 
CD4047AE 100p 
CD4049AE 63p 
CD4050AE 57p 
CD4054AE 120p 
CD4055AE 140p 
CD4056AE 135p 
CD4060AE 130p 
CD4069AE 27p 
CD4071AE 27p 
CD4072AE 27p 
CD4073AE 30p 
CD4081AE 21p 
CD4082AE 27p 
CD4093AE 95p 
CD4510AE 130p 
CD4511AE 160p 
CD4516AE 112p 
CD4518AE 130p 
ÇD4528AE 120p 
MC14553 525p 

TEXAS 75 SERIES 
75107 160p 
75450 120p 
75451 72p 
75452 72p 
75453 72p 
75454 72p 

MEMORIES 
1702A 850p- 
2102 180p 
2102-2 200p 
2104 1000p 
2107 1000p 
2112-2 370p 
2602 180p 
5101-1 650p 
8080A 95op 
8212 200p 
8224 400p 
8251 800p 
8255 800p 
AY-5-1013 800p 
RO-3-2513 800p 
X887 1600p 

OP. AMPS 
1458 Dual Op Amp Ire Cramp B inn DIL 
301A Est Comp. 8 pm DIL 
3130 COSMOS &-Polar MosFet 8 pin DIL 
CA3140 BIMOS 8 pin DIL 
CA3160 Int. Comp. 8 pin DIL 
LM31BN High speed 8 pm DIL 
LM324N Quad OP Amp 14 pm DIL 
NE53IV H.gh Pew rate 8 pin DIL 
3900 Quad Op )Amp 14 pin OIL 
709 Eat Comp 8 14 pin OIL 
141 Int Comp 8 14 ten DIL 
747 DuaI 741 14 pin DIL 
748 Eat Comp 8 14 p, DIL 
716 Programable On Ain, TO .5 

70p 
36p 

100p 
í00p 
1160 
200p 
120p 
140p 

708 
36p 
22p 
70p 
36p 

140p 

LINEAR I.C.s 
10212 Tone Generator 

*CA30284 D,11 Cascade Amp 
* CA3046 5 Transistor Array 
*C43048 Quad Low Noise Amp 
*C43053 D,11 Cascade Amp 

CA3080E Op Transcond Amp 
*CA3089E FM IF System 
*C43090 FM stereo Mull Der. 

ICL8038CC VCO Fun Gen 
LM339N Vol Quad Comparator 
LM377N Dual 2VV Aud Amp 

*LM380 2W Audio Amp 
eLM381 Stereo Preamp 
*LM389N Aud Amp +3 Trs Array 
*N1252 Rhythm Generator 
*MCI 310P FM Stereo Dec 
*MC 1 351 P Lim Del Aud Preamp 

MC1495L Multiplier 
*MC1496L Bat Mod Demnd 
*MC3340P Electron. Anenuaiur 
*MC3360P '5W Audio Amp .- - 
*MFC4000B 1/4W Audio Amp. 

NE555 Timer 
NE556 Dual 555 
NE561 PLL with AM Demod 
NE562 PLL with VCO 
NE565 PLL 
NE566 PLL Fun Gen 
NE567 PLL Tone Dec 
2567 Dual 567 
5972710 Dal Comparator 

*5N72733 Video Amp 
*SN76003N Pwr And Amp wnh ,tit HS 
*SN76008 101/8 Amp in 4 ohms 
*5N76013N Pwr And Amp with rot HS 
*SN 76018 1 O Amp in 8 ohms 
*SN76023N Pwr And Amp with int HS 
*S9760339 Pwr Aud Amp with int HS 
*5P8515 Prestale* 450MHz +10 
*T446214 Aud Amp for TV 
*T446618 FM IF Amp.Lrmner Del QIL 
*TBA6418 Audio Amp OIL 
*TBA651 Tuner & IF Amp 16 pm QIL 
*704800 5W Audio Amp OIL 
*TBA810 71/8 Audio Amp OIL 
*TBAB20 21/S Audio Amp OIL 
*7042020 2014/ Audio Amp GIL OIL 

052240 Pmg Time, Crrumer 16 pin b1l 
*7N414 TRF R.,rl, r, TO -18 9 

Basir Raia 00n , ,i 20p a, 3 S A i 

16 pin DIL 
TO5 
14 pin DIL 
16 ,n OIL 
705 
8 pm DIL 
16 pm OIL 
16 pm DIL 

4 pm DIL 
14 pin DIL 
14 pin DIL 
14 pin DIL 
14 pin DIL 
18 pin DIL 
16 pin OIL 
14 pin OIL 
14 pin OIL 
14 pm OIL 
14 pin OIL 
8 pin DIL 

8 per DIL 
PCB 

8 pin DIL 
14 pin DIL 
16 pin DIL 
16 pm OIL 
14 pm DIL 

8 pin DIL 
8 pin OIL 

16 pin DIL 
14 pin DIL 
14 pin DIL 
16 pin OIL 
5 pen Plaste 
16 pin DIL 
5 pm PIaO 
16 pm DIL 
16 pin OIL 
16 pin OIL 
OIL 

600p 
95p 
BOp I 

200p 
70p 
90p 

225p 
400p 
340p 
200p 
175p 

99p 
175p 
160p 
800p 
190p 

97p 
450p 
100p 
160p 
169p. 
1z0p 

401; 
100p 
425p 
425p 
200p 
200p 
20op 
370p 

6 
120p 
245p 
250p 
140p 
250p 
140p 
230p 
675p 
225p 
120p 
250p 
200p 

90p 
100p 

80p 
325p 
370p 
110p 

OPTO- ELECTRONICS 
Phototransistors L.D.Ro 
OCP70 90p 
0CP71 120p 
2N5777 45p 

LEDS 
TIL209 Red 
TIL211 Green 
TIL32 Infrared 

ORP12 90p 
ORP60 90p 
ORP61 90p 

0 2'r Red 18p 
Green 20p 

16p Yellow 36p 
25p Tri -state Red /Green/ 
75p Off 160p 

VOLTAGE REGULATORS -- FIXED -- PLASTIC 
1 Amp Positive 

5V 7805 140p 
12V 7812 140p 
15V 7815 140p 
18V 7818 140p 
24V 7824 140p 
LM309K 1 Amp 5V 103 1400 
LM309H 100mA 5V TO5 750, 
TBA625ß 12V 0.5A T05 120p 
VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin DIL 45p 
DUAL VOLTAGE REGULATOR 
1468 ±15V 100mA 16 pin DIL 300p. 
Adjustable by resistors from ± 8V to 2 20V) 

1 Amp Negative 
5V 7905 200p 

12V 7912 200p 
15V 7915 200p 
18V 7918 200p 
24V 7924 2001 

LM323K 3A 5V 700p 

SEVEN SEGMENT DISPLAYS 
3015F 190p END 500 Red 130p 
DL704 Red 140p FND 507 Red 130p 
DL707 Red /Green 140p TIL 321 Red 130p 
DL747 Red /Green 225p TIL 322 Red 130p 
Driven: 75491 84p, 75492 98p; 9368 /9374 200p 

ACI25 
AC126 
AC127 OP 
AC 128 8p 
AC141 ^''22OP 
AC142 2op 
AC176.....P-20p 
ACIS) 20p 
AC187K 25p 
AC188 20p 
AC188K 25p 
AD149 49p 
AD161 45p 
AD162 45p 
AF114 20p 
4F115 2Op 
AF116 20p 
41117 20p 
AF 127 255 
.>F 139 43p 
Ai 239 
8C107 B 9p 
BC108 B Sp 
BC 109 B 10p 
BC109C 12p 

*:C117 22p 
*5'147 9p 
*BL 148 9p 
*e,:'. 19C 10p 
*6C:5 / 1 1 p 
*BC! 5,1 10p 
*ßC159 ilp 
*8C169L 12p 
*6C172 1 1 p 
BC:77 t. /8p 
BC178 17p 
8C179 18p 

*BC182 12p 
*eC183 12p 
*BC184 13p 

BC187 30p 
*BC212 11p 
*eC213 lOp 
*BC214 14p 
BC461 36p 
BC478 30p 
BCy70 18p 
BCV71 22p 
BD124 
BD131 
BD132 

*80135 
*BD136 
*60139 
*80140 

60V56 
8F115 
8F167 
BF 170 
BF 173 
BFI77 
8E178 
BF 179 
BF1BO 
BFt84 

*BF 194 
*BF 195 
*BF 196 
*61197 
8F200 
6F 257 
Bf 258 
eF259 
BF 337 

*8FR39 
*8FR40 
*6FR41 
*BFR 79 
*BFR80 

BFR81 
*6F1388 
BFX30 
BFX84 
8FxB5 

25p T BFXBpIST7WS +. % 2, 2,;, 12p. 
20p 8FV50 22p 12p 

8FV51 22p /., : 22p 
BFV52 22p 65p 
BFV90 120p 'Vbn5o65p 
BRV39 45p "..7139 67p 
B5X19 20p 1.,344? 140p 
BSX20 20p 3op 

*8U105 140p '.77(7' 12p 
Bu 108 2 p 
*MJE340 i 66p 1104 12p 

MJ481 ^~175p , 00, 12p 
MJ491;..3OOp t; ,i 12p 
MJ2501 225p '.3"1' 12p 
MJ2952042Op 12p 
MJE2955 130p 
MJ3001 225p 
MJE3055 70p 

*MPSA06 30p 
*NIP5412 50p 
*MPSA56 32p 
*MPSUO6 62p 
*PSU56 78p 

0C28 120p 
0C35 90p 
0C36 90p 

*OC71 20p 
*1120085 200p 
*1320105 200p 
*TIP29A 40p 
*TIP29C 55p 
*TIP30A 48p 
*TIP30C 60p 

TIP31A 52p 
TIP31C 52p 
TIP32A 58p 
TIP32C 82p 
TIP33A Sop 
TIP33C 115p 
T1P34A 115p 
TIP34C 180p 
TIP35A 225p 
TIP35C 290p 
TIP36A 270p 
TIP36C 340p 
TIP41A 65p 
TIP418 70p 
TIP41C 78p 

130p TIP42A 70p 
63p TIP428 76p 
65p TIP42C 82p 
48p TIP2955 73p 
OOP *TIS93 30p 
52p *dTX108 1op 
Sep *ZTX300 13p 

200p *ZTX500 15p 
22p *ZTX502 19p FM 
23p 254574 190p *BF 24413 
23p 28697 22p *8F2568 
25p 25696 45p *MPF102 
26p 2N706 20p *MPF103 
28p 25708 20p *MPF104 
33p 29918 40p *MPF105 
33p 29930 18p *293819 
22p 251131 19p *2N3820 
lOp 251132 trip 293823 

9p 291304 75p *29545! 
14p 251305 75p *299458 
15p 291306 75p *2N5459 
32p 291307 75p *295485 
32p 291308 75p 
36p 291309 7Sp 
45p 291613 2Sp 
30p 2N1711 25p 
30p 291893 305 
30p 2N2102 55p 
30p 252219 20p 
30p 292222 20p 
30p 252369 14p 
30p 292484 30p 
30p 2N2904/A 25p 
34p 2N2905/A 25p 
30p 2N2906/A 24p 
30p *2929269 7p 
30p *252926B 7p 
30p *2929260 lOp 

12p 
1025op 

eOp 
+ 7903 18p 

-33 904 16p 
N7905 20p 
', 1906 16p 

058 15p 
+Y-1059 10p 

',4l)Iì0 13p 

.,-1123 
22p 

,N4124 22p 
*:1N.11.1, 22 
.N-1126 22 
*2N4289 2r 
*294401 27 
*294403 27 

294427 9Op 
*295089 27p 

2N5296 55p 
*295401 50p 

2186034 160p 
296107 56p 
29 1l90p 

Co,6p2;4.72 N3055, 
296254 
296292 
40360 
40361 
40362 
40364 
40409 
40410 
40411 
40636 
40594 
40595 
40871 
40872 

130p 
65p 

4Sp 
120p 

650 
660 

300p 
130p 
9p 
677p 
Bop 
84p 

36p 
70p 
4Op 
40p 
40p 
40p 
25p 
50p 
57p 
40p 
40p 
40p 
40p 

MOSFET* 
39128 96p 
3N140 95p 
35141 95p 
3N187 180p 
40603 63p 
40673 63r 

WT. 
*T1543 

292160 
292646 

*294871 

120p 
48p 
54p 

DIODES 
*SIGNAL 
0441 
0481 
0485 
0490 
04.11 

A4', 
,1410,1 
0420:' 
NI1 E 

RECTIFIER 
*8)100 25p 
*60126 12p 
*8V127 10p 

9400' 5p 
N100' 5p 
N41104 6p 
94005 6p 
9400' 7p 
N5101 13p 
95404 18p 

9p 
20p 
20p 

7p 
7p 
7p 
8p 

10p 
4p 
9p 
4p 

ZENER 
n, io ; n * 

*4i10,110, 9p 
*111 18p 

BRIDGE 
RECTIFIERS 

*IA 50V 
*1A 100V 
*tA 200V 
*1 A 400V 

élA 
61111. 

4 50! 
_'4 100, 
*J4 200V 
*2A 4011V 
*3A 200V 
*34 600, 
*44 100\ 
*44 400\ 

fì4 50V 
64 1000 
64 '00V 

'o4 400\ 
A 400. 

TRIACS 

400 
500 
400 
rí70 

417 , 

tri 

25p 
27p 
30p 
32p 
36p 
30p 
35p 
40p 
45p 
bop 
72p 
84p 
9Op 
90p 
98p 

108p 
120p 
27op 
400p 

85p 
99p 

107p 
120p 
140p 
160p 
180p 
130p 
13Op 

Di AC 
8R100 Sop 

NEATSINK 
For TO -220 Voi 
Regs and Tranvs 
tors C'W 25p 

SCR- THYRISTORS 
1A 50V T05 70p 
1A100V 705 80p 
1Á400V 105 90p 
3A400V Stud 100p 
7A100V T05 +HS 84p 
7A400V T05 +HS 90p 
8A 50V Plastic 130p 

12A400V Plastic 160p 
16A100V Plastic 160p 
16A400V Plastic 180p 
16A600V Plastic 220p 
BT106 

1A 700V Stud 110p 

C106D 
4A /400V 

*MCR1o1 
0 5A /15V 

2N3525 
5A 400V 

2N4444 
8A/ 600V Plastic 185p 

*2N5060 
0 8A/ 30V 

*2N5062 
0 8A/ 100V TO -92 

*2N5064 
08A'200V T0-92 

Plastic 63p 

TO -92 25p 

TO- 66120p 

TO-92 34p 

37p 

40p 

NEW CMOS - MOTOROLA'S 31/2 DIGIT A/D CONVERTER 
A high performance, low power LSI una combining digital and linear 
circuits on a single IC Requires 4 external passive components to work as 

a converter. Other features include auto polarity, auto zero. single positive 
voltage reference. on-chip oscilrator, up to 25 conversions /sec, over and 
under range signals, LED and LCD compatible and accuracy of -0.05% 

- 1 Count. 

Suitable for low cost DVM or DMM. 
Other applications: DPM. Digital Scales. A/D control systems. 
MC14433P 24 pin DIL E13 wah data (Data 50p +SAE). 

VAT RATES. All items at 8% EXCEPT where 
marked* which are at 121/2 %. 

LOW PROFILE OIL SOCKETS BY TEXAS 
'pm Tap, 14 pin 14p, 16 pin 15p, 18 pin 36p, 
22 pin 40p, 24 pin 50p, 28 11m m 60p, 40 pin 75p. 

P&P 25p 
Mail Order Only TECHNOMATIC LTD. 
Govt., Colleges, etc. orders accepted. 54 SANDHURST ROAD, LONDON, NW9 

tr, total Tel: 01- 2044333. Telex 922800 

TELERADIO SPECIALISTS IN DESIGNS by John Linsley Hood 

Example 25 to 75 watt. Very Low Distortion HIGH FIDELITY 
STEREO AMPLIFIER D.C. Coupled. T.H.D. hardly 
measurable. £73 in kit form (+12'/2% VAT) 

PP extra 
£2 50 

Supplied as a Kit of parts or in ready assembled module form. 

Also available: Phase Locked Loop; F.M. Tuner; Millivoltmeter; 
Audio Signal Generator; T.H. Distortion Analyser; 
F.M. Signal Generator /Wobbulator. 

Send SAE for comprehensive illustrated lists and up -to -date prices 

TELERADIO ELECTRONICS 
325 Fore Street, Edmonton, London N9 OPE 

Telephone: 01 -807 3719 Closed Thursdays 

NEW r AMERICAN STYLE CRADLE 

TELEPHONE AMPLIFIER 

NM/ 1MPRÖVED 

MAINS INTERCOM 

£14.95 
+ VAT E1.20 

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 F16 95 + VAT , 1 36 P & P 87p 
C W 0 10 clay price refund guarantee 

NO BATTERIES %1NO WIRES' 
00 

ONLY 

29.99 
per pair 

+VA.r.£37E 
Made to High Safety and Telecommunica- 
bons Standards. The modern way of instant 
2 -way communications. Supplied with 
3 -core woe. Just plug into power socket. 
Ready for use. Crystal clear communications 
from office to office. Operates over 1/2-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. 97p. 

WEST LONDON DIRECT SUPPLIES (WW1 
169 Kensington High Street, London W.8 
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S\4f/ 
YAESU MUSEN 

YAESU 

FOR THE FINEST VALUE IN THE WORLD 

T H E FRG 7 Synthesised General Coverage 
Communications Receiver 

The FRG7 is a solid state mains and 12v. receiver 
offering continuous coverage 0.5 -30 MHz with 
specifications unparalleled in its price range. 

Its advanced circuitry provides superb performance for professional 
or amateur alike: search, monitor, test, amateur or broadcast band 
applications. 

The use of a Wadley loop (using the same VHF oscillator to mix up, 
then after pre -mixing with a stable crystal source down again (this 
cancelling all drift from the variable oscillator). It provides equivalent 
performance to 30 crystal controlled converters feeing a low IF, but 
without the image problems of such an arrangement. 

The signal path starts with the choice of 3 antenna connectors: for 1.6-30 MHz, a 50/75 ohm feed (to a S0239 (UHF) coax socket and a 
binding post) and for 0.5 -1 .6 MHz (medium wave) a separate high impedance binding post. A 3 position 0 -40dB switchable attenuator aids 
reception of very strong signals and reduces adjacent channel interference. The low noise MOSFET RF amplifier provides a SSB sensitivity 
of 0.25uV (for 10dB N +S /N at 10.5 MHz) and is sharply tuned by a well calibrated "pre- selector" capacitor with 4 band switched coils. 
Its output is low pass filtered (fc =35 MHz) removing VHF image problems from the following mixer. This comprises a pair of JFETS, driven 
by the "MHz set" 55.5 -84.5 MHz, oscillator, which upconverts the signal to the band pass first IF to 55 MHz ± 500 KHz where it is 
MOSFET amplified. The second IF of 2 -3 MHz is produced by a FET mixer by hetrodyning with the synthesiser derived 52.5 MHz signal. 
A I MHz crystal oscillator and diode harmonic generator produces a 3 -32 MHz comb spectrum. This, with the first hetrodyne oscillator (MHz 
set) is fed to a dual balanced i.c. pre- mixer. The output is expurged by a multiple stage selective amplifier producing the 52.5 MHz second 
oscillator. A small fraction of this is rectified, DC amplified and lights the 'lock' LED (saving power) when the MHz oscillator is malset. The 
2 -3 MHz signal is MOSFET amplified and fed to the third mixer (a JFET whose input and output are tuned by capacitors ganged to the main 
tuning control) where it is hetrodyned to the final IF by the main VFO which covers a 1 MHz range (2.455- 3.455), is clearly calibrated, to 
5 kHz (or better), well buffered and highly stable. The third (455 kHz) IF starts with the ceramic selectivity element and is followed by two 
stages of bipolar (the first in the signal path) amplification before the choice of detectors; twin diodes for AM, or a 4 diode product detector, 

with well buffered switched frequency (for selectable 
sidebands) B.F.O. A diode rectifies, a fraction of the r- 
output from the final IFT, this is boosted to drive the RF 151 MIX N1 IF 2ndMIX 2nd IF 3rd MIX 

owl - oaz 103 moo _ 0105 LI. 0 +01 0402 illuminated "S" meter and automatically gain control 
35110 25K19a2 3sK10 2SK19 3SK40 2SK19 the MOSFET amplifier in the RF, second and third IF 

v5 ` stages, reducing fading and distortion. Immediately 
following the demodulator is an automatic noise limiter, 
highly effective in suppressing pulse type interference 
on AM signals, and a three position "tone" switch a 
(high, low or band pass) audio filter, reducing the 
bandwidth to that required. A transformerless AF 
amplifier : delivers a generous 2W to the internal 5" x 

L 
r .m,-sEf 
I 

o5C i,wft I 55.51.1 
IPB-15231 .4'5., r 

O SC 
0301 

2SC372 

L 

HGEN 
---_ 0301 302 

IN 60 

3j 

Itl osc I 
0201 1 

I 

25C7B4 I 

3.y.,,, , 
PRE MIX 

0106 
SN76BM 

LAMP DM 
0111 

2sC372 

OC AMP 
0110 

2SC372 

32M4 

BPF AMP 
0107 -109 
2SC784a3 

Si SMn. 

DET 
0101 102 
s1555d 

J,]]aw1 -- 
24a Kilt 

IVFO 

BIFFI 

250404 119 

VFO 
0403 

2SC372 
3 ", or external speaker, drives a phone jack, and a 
"volume" independent output for tape recorder. The 
receiver is, mains (234VAC), external (12v DC) or 
internal dry cell powered, the most economic source 
being automatically chosen. This is reduced to a stable ult 

regulated 10v. (or 9v. for oscillator and the harmonic E -oRE< VD generator). A dial lamp switch is provided to conserve 
I 

power on battery operation. 
4504LL 

CERAMIC 

FIL 

BFO 
0409 
2SKI9 

455,r,r 

3r4 IF 
0405 406 
2SC372i2 

DET 
D402 
INGO 

SSB 

BFO BAL. DET 
0409 D403 406 

2SC372 IN60a4 

AML 
0407 
INGO 

L 

TONE 

CONI 

H I AGODETI 
I 0401 F + 

t IN60 

AF AMP 
0410 

A N214 

A GC 
0407 
25C372 1-0)5-ME1 EB 

if AE utiiTtP9-I5i11 

PERFORMANCE WITH ECONOMY 
WORLD WIDE WIRELESS 

CONSERVATIVE SPECIFICATIONS 
FREQUENCY RANGE 0.5 -30MHz 
General coverage in 4 bands 
AUDIO DISTORTION less than 10% at 2W output 

AUDIO OUTPUT more than 2W. 
ANTENNA IMPEDANCE 50 -75 ohms. Unbalanced 
for 1.6.30MHz. High impedente for 0.5- 1.6MHz. 

MODES SSB (selectable USB &LSB) AM, AM /ANL, 
or CW 
CIRCUITRY 13 bipolar and 9 field effect transistors 
2 ICs and 16 diodes 
SIZE 131/2"Wx6 "Hx111/2"D 
POWER REQUIREMENTS 13.5V DC Neg 
ground or 8 off HP11 or 100/110/117/220 / 
234V AC 50/60 Hz. 

FREQUENCY STABILITY within 500HZ 
during any 30 mins after warm up. 
SELECTIVITY ±3KHz at 6dB (nominal) and 

7KHz at -60dB down. 
WEIGHT 1 5Y Ibs without batteries. 
SENSITIVITY 0.25 uV for 10dB N+S:N ratio 
for SSB and CW. 0.7uV for 30% modulated AM at 
10.5 MHz. 

Amateur Electronics 
508 -514 Alum Rock Road 
Alum Rock 
Birmingham B8 3HX 

OUR AGENTS 
South Midlands Communications Ltd. 
S.M. House, Osborne Road 
Totton 
Southampton, Hampshire SO4 4DN 

Western Electronics (UK) Ltd. 
Fairfield Estate 
Louth 
Lincolnshire LN11 OJH 

WW -092 FOR FUTHER DETAILS 
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Electronic 
The fest Equipment People 

SIGNAL SOURCES 
ADVANCE 
Signal Generator J4, 10Hz- 100KHz 600 
ohms impedance. Sine & Square Brand 
new condition £150.00 
V H.F. Square wave Generator SG 21. 10 
KHz- 100MHz Max. o/p 2V £50.00 
H1 Audio Signal Generator. 1 5Hz -50KHz 
Sine and Square £35.00 
E2 R.F. Signal Generator 
10KHz- 100MHz £76.00 
H1E Audio Signal Generator Sine & 
Square Wave 1 5Hz- 50KHz. 200V to 20V 
(Sine). Distortion 1% 1.4mV to 140V 
(Square). Brand new condition £70.00 

r ' ̀ e' 
ow* 

Type PG59 Pulse Generator 2 Channel, 
double pulse. Functions: Frequency, 
Width. Rise & Fall Time, Amplitude, 
Offset, Delay, Prepulse & Gate. Repetition 
Freq. 1Hz to 10MHz (20 MHz in double 
pulse mode. Delay & Width 25 
mecs/ 1sec. Full specification on request 

£625.00 
Type SG67A Wide Range Oscillator Freq. 
Range 1 Hz -1 MHz. Sine or Square. Output 
Amplitude up to 2.5V. Battery operated. 

£95.00 
Type J1 Audio Signal Generator 
15Hz- 50KHz. Output 0.25V to 25V at 
impedance 600 ohms or 5 ohms E50.00 
AVO 
R.F. Signal Generator H F134. 
100KHz- 240MHz 750. Int. mod. 1KHz 
@ 30 %. Ext. mod. facility ... £150.00 
HEWLETT PACKARD 
10515A Frequency Doubler. Extends the 
usable frequency range of signal 
generators. Operating on input frequen- 
cies 0.5MHz to 500MHz it provides a 

doubled output in the range of 1 MHz to 
1 GHz. The frequency response of this 50 
ohm device is very flat (< t 2dB typically) 
over the entire frequency range and 
undesired harmonics are well suppressed ................. £75.00 

F M. /A.M. Signal Generator 202H F.M. 
A.M. C.W. & pulse coverage 54 to 216 
MHz R.F. o/p 0.14V -0.2V 50ohms Im- 
pedance £495.00 
Audio Signal Generator 206A 
20Hz -20KHz ±2% accuracy. Distortion 
L 1% . £90.00 
612A-U.H.F. Signal Generator 
450- 1230MHz. 0.14V -0.5V (50ohms) 
A.M. Internal & external. Pulse mod. 
facilities. SUPERB CONDITION 

£1250.00 
MARCONI INSTRUMENTS 
TF1060 U.H.F. Signal Generator 
450- 1250MHz. Sine wave and pulse 
a.m. ..... £350.00 
Signal Generator TF867. 1 5KHz -30MHz 
o/p 0.44V -4V. Int. & Est. mod. Supplied 
with Terminating unit . £185.00 
TF2005R Two Tone Source. The 
instrument comprises two identical low 
distortion a.f. oscillators and a monitored 
attenuator unit. to form a compact test set 
for the measurement of inter -modulation 
distortion £485.00 
Solid State Generator 60588. Freq. range 
8- 12.5GHz. Int. & Ext. mod. freq. Stab. 
0.003 %. 500 impedance . £530.00 
Modulation Int. A.M. 1KHz. Ext A.M. 
30Hz- 20KHz. Low spurious F.M. & drift 
V.S. W.R. 1.2 or less £400.00- £800.00 
A.M. Signal Generator TF8010/ 1S 
Military version 10- 485MHz 

£450.00 -£800.00 
R.C. Oscillator TF1370A 10Hz- 10MHz. 
Square Wave up to 100KHz High Outputs 
up to 31 6V £285.00 
Phase /A. M. Signal Generator TF 2003 
0.4 -12MHz .. £150.00 
F.M. / A. M Signal Generator TF 
995A/3S. Ministry type No CT402 
1.5MHz- 220MHz. R.F o/p 24V- 200mV. 
Internal & External Mod. Facilities V. good 
condition . . £385.00 
A.M. Signal Generator TF801 D/ 1 Freq. 

range 10- 470MHz R. F. output 0.14 -1V 
Piston attenuator. 50ohms Impedance. 
AM Signal Generator TF 801 B/ 3S 
12.485MHz 0.14V -1V £195.00 

R.C. Oscillator TF1101 Frequency range 
20HZ- 200KHz. Output. Direct into 
60000 -20V variable. Attenuator 0.6áB in 
10dB steps. Impedance. 6000. Distor- 
tio Via 1KHz Filter less than 0.1% 
Direct or via Attenuator. Less than 0.5% 
50Hz- 20KHz. Less than 1% 
20Hz- 200KHz . £120.00 -£150.00 
Signal Generator TF144H /4. Later 
models in super condition. 

£500.00 to £650.00 
MF /HF Signal Generator TF2002 
10KHz- 72MHz. 100% A M depth Int. 
A.M Variable from 20Hz to 20KHz R.F. 
o /p. 0.14V to 2V Solid State £675.00 
AM /FM Signal Generator TF9958/2 

£675.00 
MARCONI- SANDERS 
Microwave Sweep Generator type 6600A 
c/w 6619 plug in 1 7GHz -4 2GHz 

£2,900.00 
MUIRHEAD L.F. Decade Oscillator 
D880A. 2 -phase 0.01 Hz -1 1 2KHz 

£295.00 
Decade Oscillator D8900 1 Hz -1 1 .2KHz 

£260.00 
PHILIPS 
PM5501 Colour bar generator. Extremely 
light and compact instrument for mobile 
maintenance, 5 different test patterns for 
colour and black /white TV installation 
and service. R.F. output signal switchable 
VHF. Band III and UHF Band IV. 1KHz 
tone for sound performance checks (sine 
wave) £165.00 
50MHz Pulse Generator PM 5712 

£435.00 
Pulse Generator PM5775 £800.00 
Pulse Generator PM5776 £900.00 
L.F. Generator PM5105. 10Hz- 100KHz. 
Sine & Square Wave 2V(R.M. S.) 
Stabilised o/p Low Distortion <0. 8% 
(10Hz- 100KHz) £156.00 

ipoirmarfarorlisi 
__... 

Type PM5334 TV Sweep Generator 8 

ranges 3MHz- 860MHz Sweep freq 
adjustable 8 -50Hz 1 variable and 3 fixed 
markers. 75 ohm impedance £465.00 

DIGITAL VOLTMETERS 
AND MULTIMETERS 

AVO 
Test leads £4.00 
Multiminor Mk 4 caw carrying case and 
leads . £13.50 
Model 7z £40.00 
Heavy Duty Mk 5 (with case) . £40.00 
DYNAMCO 
Digital Voltmeter DM 2023 c/w DC 
ranging unit Cl Scale 99999 0 001% 
F.S.D. DC Accuracy 104V -1 Kv DC 

HEWLETT PACKARD 
£450.00 

DVM type 3430A 3 digit 5 ranges 100mV 
to 100V FS input resistances 10Mohms 
Overload protection £145.00 
Digital Multimeter 347024 with Display 
34740A 4 digit display 4 ranges both 

AC & DC plus 6 ranges of ohms. AC 
function covers 45Hz to 10DKHz. Ohms 
mrges are 100ohms to 10Mohms FS LED 
display. New condition. A much 
sought -after device still in current produc- 
tion £400.00 
PHILIPS 

Electronic Analogue Multimeter PM2503 
DC & AC Volts, 100mV -1 KV f.s. d. 
Resistance 100 ohms -10M Ohms. DC & 
AC Current 14A-1A f s.d. ... £85.00 
SIGN /ROGERS 
A.F Voltmeter AM324 £50.00 
SOLARTRON 
A.0 Converter LM 1 219. 30mV -300V 
mean reading Freq. range 10Hz -10KH 

P.O.A. 
D.C. Digital Voltmeter LM 1420.2 
2 54V -1 Kv in 6 ranges. '0.05% DC ac- 
curacy £235.00 
D.V M. Type LM1420 2Ba. DC, true 
R M.S. and mean A.C. sensing. Accurate 
measurement irrespective of harmonic 
distortion accuracy 0.25 %. Freq. 
20Hz -20KHz E350 
DVM Type LM 1440 2 104V -2Kv DC. 5 
ranges. Oven controlled zenerdiode. 

Accuracy .'0033% FSD 10.005% 
reading P.O.A. 
D. V.M LM14803 Autoranging version 
of LM 1440 3 Max reading 39999 
54V -2KV DC. Full spec on request 

P.O.A. 
D.V.M LM 1604 DC only 14V 
sensitivity 0.01 % accuracy. Max reading 
19999 14V -1 KV. Remote and Auto - 
ranging. 1 10dB series mode reject on. No 
common Mode error P.O.A. 
D.M M 7050 (Autoranging) £245.00 

OSCILLOSCOPES 
COSSOR 

£485.00 

Dual Trace Scope 4000. 50MHz 7nsec 
Rise Time SmV /cm sensitivity. Calibrated 
sweep delay. Gated trigger. X -Y display 8 
x 1 Dccm display 

HEWLETT PACKARD 
Type 175A 50MHz. Bright. sharp trace, 
6 X 10cm display. Plug -ins provide 
bandwidths to 50MHz. Vertical and time 
axis plug -ins for specific applications_ 
Eight plug -ins provide maximum versati- 
lity Easy to calibrate and maintain. few 
adjustments, no distributed amplifiers or 
delay line adjustments. Positive syncing 
over entire bandwidth. Plug -in Units: 
1750A Dual Trace Vertical Amplifier 
40MHz, 50mV /cm. 1 781 B Sweep Delay 
Generator Sweep Selector provides (a) 

Main Sweep (b) Delaying Sweep. 
brightened segment of trace indicates 

mo. 49 -53 Pancras Road ADD 8 °0 VAT 

London NW1 2013 TO ALL PRICES 
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Brokers ltd 
sp.INfiS 

IOf ̀ - - 
49 -53 Pancras Road, 
London NW1 2QB 
Tel: 01 -837 7781 

time relationship between delaying 
sweep display and main sweep display (c) 
Main Delayed Sweep (d) Mixed Sweep (e) 
Single sweep of main sweep £295.00 
200 -N /cm. Scope 130C. 500KHz 
bandwidth. Identical X and Y amps. X2 to 
X50 sweep mag. . . £205.00 
MARCONI INSTRUMENTS 
Portable Scope TF 2203. Single Beam 
DC- 15MHz. 50mV /cm Z mod 

£150.00 
40MHz TF 2200 series supplied with 3 
plug ins 
V12. TM 6455 (single trace) 

TM 6456 (dual trace). 
TM 6457 (TV diff) 

Full specs on request. 6 MONTH WAR- 
RANTY £265.00 
PHILIPS 
PM6507 Transistor Curve Tracer Solid 
State CRT - 10 X 12cm Full spec on 
request .. £475.00 
PROBES 
X1 Part No. 90 .. £6.50 
X10 Part No 91 £8.50 
X1 & X10 (switchable) Part No 
95 £10.50 

SOLARTRON 
CD1740 50MHz Scope System c/w 
CX1741 & CX1744 Dual Trace, 
DC -50MHz 10 x 8cm display Sensitivity 
5mV /cm to 20V /cm Delayed sweep, 
Solid State £485.00 
Portable Scope DC -6MHz Double Beam 
CT436 £105.00 
TEKTRONIX 
DC30MHz Oscilloscope 545A c /w CA & L 

Plug -ins £445.00 
Type 475 200MHz Portable Dual Trace 
2mV /div 1 nsec /div sweep rate Delayed 
sweep £1,750.00 

Type 485 350MHz Portable, Dual Trace 
5mV / div 1 nsec / div sweep rate. Delayed 
sweep, Auto focus, variable trigger hold 
off 50 ohms internal input protection 

£3,250.00 
Type 531A DC -1 5MHz c/w CA Plug -in - 
Dual Trace £275.00 
Type 531A DC -15MHz c /w Single Trace 
Plug-in £ 245.00 
Type 549 (Mainframe) DC -30MHz 
Bistable split screen storage Automatic 
Erase. 5cm /pS writing speed Calibrated 
sweep delay. Various plug -in units avail- 
able £750.00 
Type 551 DC -27MHz Main frame and 
power supply Various plug -in units avail- 
able £450.00 
Type 564B (Mainframe) Storage Oscillo- 
scope Various plug -in units available 

f 750.00 

TELEQUIPMENT RACK 
MOUNTING SCOPE 

S54AR 

UNUSED P7 long persistence CRT fitted 
Single trace DC -10MHz 1 OmV /cm. 

£205.00 

SCOPE TEST 
EQUIPMENT 

Tuns M,uk G.n,,n.n 1 8.1 £275.00 

See us at the 
Electronic Instruments Exhibition 
London - Bloomsbury Centre f 
II. 12 and 13 October 1977 
Remember - the world's leading instruments are on 
exhibition all ear round at Electronic Brokers 

5nsec Pulse Generator r Model 2101 c/w 
loads and connectors £575.00 
Time Mark Generator 2901 £450.00 
Pulse Generator Model 110 E95.00 

TRANSMISSION TEST 
EQUIPMENT 

AIRMEC /RACAL 
Wave Analyser 248A. 5- 300MHz 

£250.00- E300.00 
Wave Analyser 248. Freq. range 
5MHz- 300MHz £145.00 
Modulation Meter 409 £295.00 
Type 210 Modulation Meter (earlier 
version of 210A) £85.00- E100.00 
Type 210A ModulJtion Meter. 
2.5- 300MHz, AM Range 0 -100 %. FM 
Range 0 to ' 100KHz in 4 ranges 

£ 185.00.E245.00 
GENERAL RADIO 
Type 1900A Wave Analyser c w Graphic 
Level Recorder 1 521 B 

Spec 1900A. 20Hz -50KHz 3 band - 
widths 3, 10 and 50Hz Tracking averages 
30mV -300V F.S.D. Input impedance 1M 
ohm 3 meter speeds 
Spec 1521B 4.5Hz- 200KHz 1 mV 
sensitivity 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 
MF Transmission Test Set TF2333. Freq. 
range 30Hz to 550KHz. Measures 
response of active and passive transmis - 
sion network. Full spec on request 

£600.00 
Distortion Factor Meter TF142F Funda- 
mental Freq. Range 10OHz-SKHz Dist 
measuring ranges 0 -5% 0 -50 %. Meas- 
ures all spurious components up to 30KHz 

£60.00- £80.00 
A F Transmission Measuring Set Model 
TF2332, Frequency Range 20Hz to 
20KHz £400.00 
RADIOMETER 
Wave Analyser FRA 2 T3 Special version 
of FRA 2 with facilities for Intermodulation 
measurements and selective measure- 
ments of frequency responses Freq 
range 30Hz to 16KHz incremental freq 
0Hz to - 60Hz Selectivity 3 curves with 
following 1dB points T 1 25H -12 5Hz 

63Hz and 60dB points 4740Hz 
130 350 
+Hz -Hz 
150 450 

Voltage range 1001N -1 KV Auxiliary 
Oscillator Range 0Hz to 1 6KHz and 1 5 
to 1 6KHz o / p - 10V (EMF) continuously 
variable impedance 1 Kohms 16µF 

£275.00 

BRIDGES 
AVO /BPL 
Type CZ457/5 Component Comparator 
Used for testing or calibrating resistors, 
capacitors and inductors £245.00 
MARCONI INSTRUMENTS 
TF936 Impedance Bridge £125.00 
TFT245 CCT Magn. Meter c/w Oscillator 
TF1246 £685.00 
ROHDE & SCHWARZ 
LC Bridge Type LCB BN 620 Used as 
Inductance Bridge 10µH to 1000H. Used 
as Capacitance Bridge lOnF to 1000µF 

£ 165.00 
WAYNE KERR 
COMPONENT BRIDGE B521 (CT375) 
Resistance 10 ranges from 1M ohm to 
1000M ohm. Capacitance 10 ranges 
from 50kyF to 500pF Inductance 10 
ranges from 1µF to 500 KH Capable of 
measuring components in situ £105.00 
Universal Bridge B221A (CT530) 
0 1 "Fi Accuracy Measures 

R G C & L 
Mains operated C g,'^ 
Low Impedance Adaptor O21_ :A for use 
with above £75.00 

Carriage and packing 
charge extra on all 
items unless otherwise 
stated 

FREQUENCY COUNTERS 
ADVANCE 
Counter TC16 5Hz- 80MHz, 5 digit 

£110.00 
Timer Counter TC12A 5 digit 2Hz to 
15MHz Time & Period. 10mV sensitivity. 
Brand new condition £160.00 
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. 
measurement £150.00 
VENNER 
3MHz Freq. counter TSA 6674 £80.00 
RACAL 
Frequency Period Meter 5Hz -10MHz 
9520 Period Average measurements 

£110.00 

MISCELLANEOUS 
ADVANCE 
Digital Panel Meters. DPM 102. 103. 
112P, 201, 204, 301, 302, 303, 306. 
343 Price and specs. on application 
BIRD 
Coaxial Resistor 8053 10W RF coaxial 
load resistor E20.00 
Wattmeter Termaline 6835 3 ranges 
0-120 / 0 -600 / 0 -1200W 30- 500MHz 

£425.00 
Wattmeter Termaline 67 3 ranges 0 -25 
0-100 / 0 -500W / 30- 500MHz 

£265.00 
BRUEL & KJAER 
Random Noise Generator 1402 £250.00 
Automatic Vibration Exciter 1018 

£495.00 
CAMBRIDGE 
AC/DC Resistance Box. 5 decade 

£70.00 
GENERAL RADIO 
Standard Frequency Multiplier 1112A 

Price & specs. on application 
Standard Frequency Multplier 11128 

Price & specs. on application 
HEATHKIT 
Distortion Meter 1M-12U E40.00 
MARCONI INSTRUMENTS 
A. F. Attenuator TF338C .. £75.00 
R. F. Power Meter TF 1 1 52 / 1 E75.00 
R. F. Power Meter TF 1 152A /1 E80.00 
Colour Gain and Delay Test Set TF2904 
625 line £505.00 
R.F. Power Meter TF2502 3 and 10 watt 
ranges DC-1 GHz £355.00 
L Extension Unit. TM6448 for use with 
OA 1094A sereis , £200.00 
ROHDE & SCHWARZ 

VHF Field Strength Meter HFV 
25- 300MHz in 1 band. Measurement 
range 100dB (RV) 50 ohm impedance 

£1,750.00 
Standard Stereodecoder MSDC 8N41 93 

£850.00 
Polystop I ... £950.00 
Selektomat USWV . £800.00 
Frequency Indicator FKN £475.00 
Type MSDC Standard Stereodecoder 
30Hz -15KHz £850.00 
Type MSC Stereocoder BN4192 / 2 

RECORD £1,250.00 
Chart Recorder - 500 RA Movement 1 in 
& 6in. per hour ...... £70.00 
WAVETEK 
Progra mable Phase Meter 775 £795.00 

Please note: All instruments offered 
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. 
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MARCONI 
TF 867 
SIGNAL 

GENERATOR 
Range 15KHz to 
30MHz Output 
o 4V to 4V 
Built m crystal 

E138 

E.H. RESEARCH LABORATORIES 
INC. MODEL 
133A PULSE GENERATOR. Features ultra- 
knew ramp. r and lall independently variable 
50v output into 50 ohms. e4her polarity 
Automatic overload protection Synchronous 
gating. all solid state E275 

MODEL 122 GENERATOR 
Features Rep rates to 200 MHZ Nanosecond 
Switching Mmes, synchronous gating Puisetop/ 
Baseline inversion plus offset. all solid state 
E295 

VIBRATION /DISPLACEMENT METER TYPE E 
731A with four probes Full spec on request E195 

RHODE & SCHWARZ 
Zg DIAGRAPH TYPE 2DU 30- 420MHz 500 
Directly measures multitermmal networks. phrase 
shits phrase angle with complementary POWER 
SIGNAL GENERATOR TYPE SMLM high Ireq 
resolution internal external mod up to 3v out 
FREQUENCY SYNTHESIZER TYPE XUA. 
30H7-30MHz with FREQUENCY INDICATOR 
TYPE FKM 15-30MHz. 30-100MHz 
UHF SIGNAL GENERATOR TYPE SMLM 
from 30 to 303MHz 
UHF SIGNAL GENERATOR TYPE SLSD from 
300 to 300-940MHz 
FREQUENCY INDICATOR TYPE FKM from 30 
to 1.000MHz 
UHF SIGNAL GENERATOR TYPE SDR from 
300 to 1000MHz in 8 ranges 
Prices on application 

MUIRHEAD 
PAMETRADA WAVE ANALYSER TYPE 
13-495 -F. Freq range 19 s21 Kc /s 
Continuously variable in nine 

ranges 
19-90 pr s, 

79-150c/s. 139210 cis lxlx 10x 100) Freq 
accuracy x1 and x 10 ranges n 0 3% 
ANCILLARY EQUIPMENT: D-425 -A LOW 
FREQ. MODULATOR. Freq range 2 c 

(down to lc /s when analyser is used in ii -Jii!, 
Frog Accuracy 0 1 c s (providing supply big 
is first measured) Price E275 
DECADE OSCILLATOR D-890 -A. With h.i 
voltage output from 1Hz to 110KHz frequent 
accuracy without crystal check facility x 1 range - 

0 2% or ` 0 2 c/s whichever is greater o t l! 
range ` 0 4% (above 10 Kc sl E249 

IF 80113/1/S SIGNAL GENERATOR. Range 
10- 485MHz in 5 ranges R F output 0 1 V -1V Source 

C M 500 output impedance Internal modulation at 
1 KHz at up to 90% 

TF 8019/2. Spec as for 8010 but minor circuit 
differences Few only left El50. 

TF 99SA/1 or A/2 or A /2M or AS SIGNAL 
GENERATORS. Very high class AM FM 1 5MHr to 
220MHZ Detailed spec and price on application 

Please ask for technical 
details and prices of all 
equipment. 

TF 934 DEVIATION METER. 250MHz 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Price and detaiis 
on application 

TF 1041 5 VALVE MULTIMETER. DC voltage from 
300mV to 1 000V AC voltage from 300mV to 300V at 
up to 1.000MHz 
TF1370 R.C. OSCILLATOR FOR SQUARE C SINE 
WAVE. Freq -31 6V rms 10H7-1M Hz square wave 
0-73 2pp IOHz- 1OOKHz Attenuator range -50dB to 
+ 10dB Impedance 75. 100, 6000 E145. 
TF 9600 SECONDARY PULSE UNIT. 
TF 45SE WAVE ANALYSER. Freq range 20 c/s to 
16Kc /s double crystal filter gives 4 c s pass hand 
Envelope distortion test on r f inputs up to 400 Mc s 

E98 
RADIOMETER TYPE MS111 SIGNAL GENERA- 
TOR. High quality Danish production 10KHz- 110MHz 
E200. 
REDIFON SSE TRANSISTORISED TRANS- 
CEIVER GR410. 2 -16 c s 200-250v 4 channels 

OOW p c p 

VALVES 81 TRANSISTORS. Telephone 
enquiries for valves transistors m retail 749 
3934 trade and export 743 0899 

SOLARTRON 
DIGITAL VOLTMETER. LM1426 LM1420 2BA 
LM1420 LM14403 

SIEMENS 
LEVEL OSCILLATOR TYPE BEL 3W518. Frequency 
from 10KHa to 17MHz Modulation is external. output 
from +t0dB to -60dB in B steps and in continuance 
with wobbler step generator Imp output 150, 145, 
135.75 65 ohms 
LEVEL OSCILLATOR TYPE REL 3W29. Frequency 
from 0 3 to 1 200KC, s Mod eat output from +16dB 
to -60dB Impedance output 75 140. 600 ohms 

TEKTRONIX 
OSCILLOSCOPE TYPE 561A with plug in type 3S 76 
sampling dual trace and plug in type 3177 
SAMPLING OSCILLOSCOPE TYPE 661 with 
plug. io type 4S1, dual trace sampling unit and probes 
EDDYSTONE COMMUNICATIONS RECEIVER 
MODEL 730 
FURZEHILL SENSITIVE VALVE VOLTMETER 
TYPE V200A ful scale from 1 OmV to 1000V in 6 step, 
with output amplifier 
TRAINING SET for Radio Operators with 10 key 
terminals and control frequency and volume 
ELECTRICAL INSTRUMENTS 
-Voltmeter - 
-MilhiAmmeter - 
-MicroAmmeter - 

PRICES OF ALL THE ABOVE ON APPLICATION 

FREQUENCY ANALYSER D- 889 -A. 
Frequency range 30 cs -30 Kc s in 6 ranges 
Amplitude stability 1,1B E120.00 

HIGH FREQUENCY SPECTRUM ANALYSER. 
MARCONI TYPE 10944. 3 Basic Freq range 310 
30mcs and with LF unit from 100Hz to 3MHz 
Measures relative amplitudes up to 60dB 

SINGER PANORAMIC SPECTRUM ANALY- 
SER TYPE SPA 10. Frequency range 
10MHz-43KMHa Full spec and price on request 

HR23 TRIPLE DIVERSITY SSS RECEIVERS. Freq 
3- 275MHz V F O at 6 Xul positions Reception, of 
independent single or double side band transceivers 
Full spec on application £350. 

VIDECON TUBE TYPE P863B 
English Electric -£20 

PLUMBICON TUBES TYPE 
X0.1020 

Mullard -£150 each 
DANA EXACT FUNCTION GENERATOR MODEL 
121. Frequency range 0 2H to 2MHz i/ rangesi 
voltage controlled to 10V sweep generator inns to 10 
sec 
RACAL UHF FREQUENCY METER 9839. 
Frequency range 40MHz to 560MHz 
819 ACTIVE PROBE. 
TEXSCAN ELECTRONIC SYSTEM ANALYZER 
MODEL 9990. Frequencyb range r0MHz to 3110MHZ 
with market controls 
X -Y PLOTTER 
MULTIMETER /RECORDER Mul hscnoh 3 

PLEASE NOTE 
Unless offered as as seen" 

ALL EQUIPMENT 
ordered from us is completely overhaul- 
ed mechanically and electrically in our 

own laboratories 

PRECISION POTENTIOMETER SCORPIO TYPE 
P10-7 with indicator and volt ratio box 
TRIGGERED VACUUM SPARK GAP TYPE ZR 
7512. Capable of swnchtng 15 -000 foules at 45k/ 
E50.00. 

PLEASE SEND STAMP 
WITH ENQUIRIES 

CARRIAGE EXTRA FROM 
£3 to E6 according to cost 

VAT FOR TEST EQUIPMENT 
8% PLEASE ADD 8% 

LOW RESITANCE HEADPHONES TYPE CLR 
E1.50. 40p postage VAT 121/2%, 
ARSE D & LF SPARES. We hold the largest stock .- 

UK Write for list 
RF MEIERS. O to 8 amps 21." dia USA brand new 
E1.50 P &P 25p 
TELEPHONE TYPE "J" Iroprcalised 
10 LINE MAGNETO SWITCHBOARDS 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS 

CABLE LAYING APPARATUS No. 11. n 

production P 0 A 

FOR EXPORT ONLY 
RCA ET4338, 2 Mc ís-20 Mcrs 350W also 
modified version of increased output to 700W 
Collins 23113 4 5kW 3MHe24MHz 10 
channel Auto or manual tuning 
53 Transmitter 
62 Transceivers 
Mallard C11, High power installation 1000W 
Technical details and prices available on request 

COLOMOR 
(ELECTRONICS LTD.1 

170 Goldhawk Rd.. London, W.12 
Tel. 01 -743 0899 

Open Monday to Friday 
9- 12.30. 1.30 -5.30 p.m. 

ELECTRONICS /MICROELECTRONICS MANUFACTURING & SUPPORT ENGINEERS: 

Attend the Prime 
Electronics Production Show of the U.K. 

THE 10TH ANNUAL PRESENTATION OF 

If lTTRf 1EPCOf 1 /UK 
and the lntemotiOA01 7 

Microelectronic Exhibition 

The UK's Largest Exhibition of 
The Newest Products and 
Techniques For Manufacturing 
Electronic /Microelectronic 
Circuits & Devices 
Over 600 stands displaying tools, 
hardware, machines, materials, 
chemicals and test instruments ... 
from 14 major industrial countries 
Supported By A Pertinent 
Technical Programme 
which presents the state- of -the- 
art in manufacturing and process- 
ing developments. Conducted by 
internationally -recognized au- 
thorities. 

23 TECHNICAL SESSIONS 
Developments in Automatic Test Equipment 
for Printed Circuit Boards 

18, 19, 20 OCTOBER 1977 
METROPOLE CONVENTION CENTRE 

BRIGHTON, ENGLAND 

Apply for FREE ADMISSION to Exhibition 

Packaging of Microwave Devices 
Fiberoptics - Application in Electronic 
Systems 
Automatic Test Equipment for 
Microprocessors 
Automation in Electronics Production 
Electro -Optic Displays - Packaging 
and Applications 
Automatic Test Equipment Today 
Computer Terminals on the Shop Floor 
Novel Electrical and Electronic Applications 
of Plastics 
Automobile Electronics 
Hybrid Process Technology 
Reliability in Electronic Production 

9 Low Cost Packaging for Microelectronics 
Microprocessor Applications 
Device Standardization 
Bonding Techniques 
Thermal Considerations in Microelectronic 
Production 
Circuit Trends in PCB Manufacture 
New Developments in Connectors, 
Contacts and Materials 

Flexible Circuits Cables and Connection 
Techniques 
Proper Surface Finishes for Reliable 
Soldering 
Back Planes - The Alternative Techniques - Multilayer, Multiwire, Wrap Joints 
Test Methods and Equipment for 
Solderability Testing 

2 OPEN FORUMS 

Printed Circuits Soldering 

2 PROFESSIONAL 
ADVANCEMENT COURSES 

Quality Control in Printed Circuit 
Manufacture 
Managing Others for Business Results 

SUPPORTING ORGANIZATIONS 

ACT 

FOR INFORMATION: Ron Avis, INTERNEPCON /UK 171/185 Ewell Road, Surbiton, Surrey KT6 6AX England 
Tel: 01-390-0281 Telex 929837 
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The SECOND-USER 
Computer 
Specialists 
Mini -- Computer 

Exchange 
Latest arrival - 
Super PDP8 SYSTEM 
DEC PDP8E 8K Processor 
KCBEA Programmers Panel 
KL8 -M &KL8JA Serial Interfaces 
RK8E Disk Control 
2 a RK05 -BB Disk Onces 
Mounted in standard DEC 4ft cabinet complete with power 
supply. In immaculate condition and highly recommend 
ed 

DEC PDP8M -ML Processor, 8K core 
KCM8M Operations Panel 
BRAND NEW! 

DEC PDP8I System 
8K Processor 
6801 64 -line communication system 
DF32 disk drive and control 
Mounted in 2 standard DEC Eft cabinets complete with 
power supply 

DEC PDP 11/40 System 
28K core 
TU10 /TM11 magnetic tape station and control 
2 o RK05 disk drives and control 

DEC TM /11 /TU10 magnetic tape station brand 
new in DEC 6 cab 

DEC TU55 single DEC tape drive complete with 
brand new magnetic head 

DEC PR8E High -speed reader and control 
DEC LA36 DEC writer terminal (parallel Interface) 

DEC KE11A Extended Arithmetic element complete 
with backplane 

DEC AFO1 Analog -Digital Converter and Multi Plexer 
(rack -mounting unit) 

DEC DF32 /DS32 Disk drive and control plus 
expander unit 

DEC PDP8E and PDPII OPTIONS 
PDP 8E 4K and 8K Memory stacks 
DR 1 1 C General Purpose Interface 
RX11 Unibus Interface 
RK05 Disk Packs 
KMBE Memory Extension Module 
Dk8EA Real Time Clock 
KABE Databreak 
KP8E Databreak 
KP8E Power Fail 
BM792YL Bootstrap 
KK8E Processor Modules 

DEC PDP81 and PDP12 MODULES 
Large stocks available - let us know your requirements 

DEC POWER SUPPLIES always 
in stock 
AVAILABLE SHORTLY 
PDP8E System 
BK prot-essui 
PC8EA High -speed reader /punch 
LA3OPD DEC writer with parallel interface 
3 o DF32EP disk drives 
AFCB A/D Convector 

WANG 2200B -1 Systems 
1) 4K Processor CRT Display Twin floppy disk drive 
1524K), Matrix printer (180 cps) 
2) 8K Processor. CRT Display, 4 9 Meg Diablo disk drive 
Metric printer (180 cps) 

SCOOP - 

111 

Systems , Peripheral 
Equipment & 

Components for 
Data Processing 

Printers and 
Terminals 

LARGE STOCKS OF ASR33 AND 
KSR33 
TELETYPE TERMINALS 
* ASCII Keyboard 
* Hard copy unit (friction or sprocket paperfeed) 
* Paper Tape punch and reader (ASR33 only) 
* Line Unit (20mA /6V /80V) 
Overhauled in our own workshops to the highest 
standards and sold with 90 -day warranty 
Prices from £425 (KSR33) and £625 (ASR331 

Also available: 
DATA DYNAMICS DD390 ASR and KSR 
iv 11u 

h gals with acoustic covers 

CENTRONICS 102A twin -head printer 
132 print positions. 330 cps 
9 x 7 dot matrix 

DIABLO Hi -type I daisy -wheel printer 
30 cps (BRAND NEW. and offered complete with 
interface module for Data General processor) 

TEKTRONIX 611 Storage Display 
11" CRT XY input, stored 
resolution 400 x 300 line pairs 

COSSOR DIDS 401 -2A and 402 -2A visual display 
units. 13 lines of 80 characters. 600/ 1200 baud rate, 
modified ASCII code 

IBM 735 
Golfball Input - Output Writers BCD Code. 15 cps 

Ref MS77 6267 3 

Special Purchase of: 
CATHODE RAY TUBES BY 
RAYTHEON /BRIMAR 
Ideal for Visual Display units and monitors 
70 12" diagonal screen 
P4 phosphor tube 
Electrostatic focus and magnetic deflection 
Overall dimensions 10' /a" a 7 ia" x 171/2" (neck dia 
11/2") Brand new surplus in original manufacturer s 
packing Supplied with full technical data. 
Our bargain price E10.00 plus E6 carriage + 8% VAT 
(send E17. 281 

JUST RECEIVED - A NEW CONSIGNMENT OF 
CLARE -PENDAR ASC11 -CODED REED -SWITCH KEY- 
BO 
rIOARDS, NS 

IDEAL FOR VISUAL DISPLAY UNIT APPLICA- 

Keyboards 
LARGE STOCKS OF A WIDE 

RANGE OF KEYBOARDS 
ALWAYS AVAILABLE 

014010 see 

. ir .. , 

*00* ^ 

to e 1 i 2 b 

r * . . i -+ 

KB8 KEYBOARD 
* 78 Station ASCII Keyboard including separate 

numeric cluster, cursor control keys, and 6 
special function keys 

* Standard TTL logic 
* Power requirements + 5V ® 100mA and -12V l 

4mA 
* 8 -bit ASC 11 code (including parity) 

providing full 96- character set with upper and 
lower case outputs 

* negative strobe with 4 0 ms delay 
Overall dimensions 161/2 o 7'h x 2 ". supplied complete 
with full technical data and circuit diagrams. 
PRICE E55 00 + E1 25 p &p + 8% VAT (send £60 75) 
DX8 -CRT 96 station ASC11B -coded TTL- compati- 
ble 4 bank alphanumeric keyboard. 8 -bit code upper and 
lower case alpha output plus separate numeric pad 
Delayed strobe and 2 -key rollover. Mounted in attractive 
box overall dimensions 201/2 x 7' /a x 31/2" 
PRICE. £65 00 + E3 carriage + 8% VAT (send 
£73 44) 

55SW3 -1 54- station BCD -coded 4 -bank alphanu- 
meric keyboard Hall- effect switches Input + 5VDC 
negative logic and strobed output, two -key rollover Set in 
attractive panel incorporating 5 indicator lamps and 
on Off switch Dimensions 151/2 a 5' x 2'/0" 
PRICE £39 50 + £2 P &P + 8% VAT (send £44 82) 

18 -KEY PUSH -BUTTON CALCULATOR 
KEYBOARD 
Numerals 0 -9 decimal point C K + - x > = Mounted 
on PCB overall dimensions 5' /e x 4". e 11/2" 
PRICE £4 00 + 50p P &P + 8% VAT (send £4 861 

MINIATURE MATRIX PROGRAMME 
BOARDS: 
Brand new X -Y Matrix boards. with 3mm grating 3 o 10 
positions 11." e 1") E4 00 40p P &P plus 8% VAT 
(send £4 75: 

up to 45% OFF manufacturer's list prices 

HAZELTINE 1000 
Compact terminal providing 12 line by 80 character 
display (960 chs.), full /half Duplex. MOS -shift register 
memory with constant refresh Underline cursor 

New List Price £900. 
OUR PRICE £525.00 

Add 1% VAT to all 
peas shown. 
Carriage extra 
details on request. 

I 

Exclusive Purchase from 
Hazeltine - 

World Leaders in CRT 
Terminals 

e Teletype -compatible *12" Diagonal Screen *TTY 
Format Keyboard *64 ASCII Character Set *5 x 7 
Dot Matrix * Switch -selectable Transmission Rate 
up to 9600 baud * Switch -selectable Parity 
Standard CCITT V.24 Interface 

HAZELTINE 1200 All the features of the 
Model 1000 but with double screen capacity of 1920 
characters (24 lines of BO) Reverse block image Cursor 

New List Price £941. 
OUR PRICE £725.00 

HAZELTINE 2000 
,rlmrb buffered terminal with full edit facilities. 1998 
,aracter capacity (27 lines of 74). detachable ASCII 

keyboard including 10 -key numeric pad artd 13 -key 
edit /cursor control cluster Selectable transmission 
full ' half Duplex or batch 

New List Price £1649. 
OUR PRICE £895.00 

ELECTRONIC BROKERS LIMITED (ComglterSales &ServlcesDIvlslon 
Carle rs wrlrnm¢ a Mnndam to Farley 9 a m 

49 -53 Pancras Road, London N W 1 2E1B. Tel:O1-837 7781 
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Have you yet received 
your copy of the new 

¡omito' 
CATA -°GVe 

DISC SEAL TRIODES FOR AVIONICS 

HIGH POWER PULSE VALVES 

MAGNETIC BEAM TUBES 

RADAR MODULATOR TUBES 

CONTINUOUS WAVE 

TRIODES and TETRODES 

Reader Service WW 087 

%trop 

wamo 
¡ ertres Limited 

's 
Be o Street 

. 

2H9BS Të1ep1one0136228Tx 
28752 

Wahlore 

WW - 087 FOR FURTHER DETAILS 

SURROUND SOUND KITS 

CPC 
Demodulator TDM29 Type A Variomatrix Decoder 
A new JVC design with Decoder Synthesizer Type 3A 
improved muting. (with or without SQ Option). Type SA 

PRICE LIST (VAT in brackets: overseas customers neglect) 

Complete kit E35.00+ 1E4 38, CD4 PCB ICS) and coils only E18.00+ IE2 25i 
Variomatnz Decoder Kit £32.00 + IE4 00) QS As above but with SQ option £36.00+ 1E4 50) 
Type L3A Kit £26.50+ IE3 31) sQ Type L5A Kit E31.50+ 1E3 94 
PCBs for both types) £6.90+ 1E0 86 
Master Switch Kit E9.50+ (E1 19 
4 Gang Potentiometer E2.00+ (EO 25, 

(Overseas Airmail £4 per kit) 

For details send SAE to 

COMPCOR ELECTRONICS LIMITED 
9 DELL WAY, LONDON W13 8JH. Telephone 01 -998 8221 

WW -065 FOR FURTHER DETAILS 

buy, lease or rent 
* 303 /ZIP ASR (30cps) printer terminal 
* Teletype 33 and DD390 (10cps) printer terminals 
* Teletype 43 KSR (30cps) printer terminal 
* DECwriter LA 36 and DD 303 (30cps) printer terminals 
* OKIDATA 110 (66 Ipm) and Teletype 40 (300 Ipm) high -speed printers 
* Lear Siegler ADM 1A, 2 and 3A video keyboard displays 
* Teletype 40 (7200 baud) asynchronous and synchronous displays 
* MFE cassette range 

fcld Data 
Dynamics 

for prompt delivery 

telephone London 101) 848 9781 
Edinburgh 1031) 2266201 
Manchester 1061) 224 3306 

telex 935429 

WW -024 FOR FURTHER DETAILS 

00000000000 
CIRCUIT 

SERVICES 

wireless world 
component kits 

e are offering a component kit for the low\ 
noise low distortion preamplifier, Septem- 
ber 1977, comprising all semiconductors/ 
resistors and capacitors for a stereo circa it, 
Price £8.50 including postage and packing. 
A` ritj also available for t Low-dístortion 
oscillator, e m er, October 1977, 
comprising a thermistor, and all resistors, 
capacitors, semiconductors, switches and 
potentiometers. Price £10.50 including 
postage and packing. 

Other kits include the BBC MATRIX H 
decoder, electrolytic capacitor tester, and 
the sensitive metal detector. For further 
details send s.a.e. to Circuit Services (mail order 
only), 36 Hallowed Crescent, South Oxhey, 
Herts. 

00000000000 
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PLENTY! 
Our range of bench power supply 

units covers a wide choice of general 
purpose and specialised 

units, carefully chosen 
to meet the needs of design 

and production- testing 
4,*(11*.- 

applications, at '*W-- highly competitive 
prices. 

127 

"Hercules" P.G. 312 
* 10 -1 5 V @ 12A maximum. 
* Ripple less than 1 OmV. 
* Stability 0.3% for 10% mains 

variation, or zero to 100% load 
current change. 

* Short- circuit protected PLUS auto- 
matic cut -out. * £65.00 

P.G. 160N 
* 0 -25V @ 5A. 
* Constant current, or 

voltage, with floating outpu 
* Ripple, less than 10mV. 
* Stability, 0.2 %. 
* Full short- circuit protection 

* £ 

constant 

59.50 

H.S. 73 & 76 Series 
H.S. 73 -15 H.S 73 -40 
* 0-150V @ 3A * 4 -40V @ 2A 
£47.50 £49.50 
* Constant current, or constant 

voltage, with floating output. 
* Ripple, less than 2mV. 
* Stability, 0.02 %. 
* Full short -circuit protection, no 

transients on switch on /off. 

* 6 -14V @ 2.5A. 
* Ripple, less than 3mV 
* Stability, 1%. 
* Short- circuit protection 

* £22.00 

See us at the 
Electronic Instruments Exhibition P_, 
Epps - Bloomsbury centre 

11. 12 and 13 October 1977 

Remember - the nodes leading instruments are on 

exhibition all year round al Electronic Brokers 

0 

P.G. 77 
* 3 -15V @ 2.5A maximum (80% duty 

cycle). 
* Ripple, less than 10mV. 
* Stability, 0.1%. 

-* Short- circuit protection £29.50 

P.G. 116 
* 12.6V @ 2A. 
* Ripple, less than 2mV 
* Stability., 1%. 
* Short- circuit protection 

* £15.95 
Send for leaflet giving details of full range 
of power supplies. 

Strobes,Tachos, Meters, Generators and Telecommunications Test Equipment 
NEW FUNCTION 
GENERATORS! 

K.D.P. Model 300 SERIES 
Versatile high -quality generators of sine, square and 
triangle waveforms, plus ramps and pulses of variable 
mark /space ratio. 
* Frequency: 0.002Hz to 2 MHz (Model 300, 0.02 Hz 

to 2 MHz) - high accuracy. 
* Stability: Model 300, 0.04 %; 301 E, 0.02 %; 301A, 

0.01%. 
* Output Level: 20V p.p. from 500. 
* Amplitude stability: 0.05 %; 0.02 %; 0.01%. 
* MODEL 300 £205.00 * MODEL 301E £247.00 

r_ w7n 
* Frequency: 1 Hz to 1 MHz 

* Frequency: 1 Hz to 1 MHz. 
* Output: Sine -wave, 0 -10V r.m.s. from 

600. 
Square -wve, 0 -20V p.p. from 600. 

* 0 -60 dB step attenuator. 

£95.00 
G.432 
* Frequency: 1 Hz to 1 1 MHz. 
* Sine, square and triangle. 
* 5V from 0 -60 dB 50 attenuator. 
* Also simultaneously 10V from three 

independent 600 outputs. 
* D.C. offset. 

£115.00 

NEW WIDE -RANGE 
MULTIMETER UM.11 

* MODEL 301A £278.00 

NEW TRANSISTOR 
TESTERS! 

Features 38 colour -coded ranges with high input 
impedance 

D.C. Volts, 150mV to 
1500V f.s.d. at 100KQ /V. 

A.C. Volts, 1.5 to 1500V. 
f.s.d. at 31.6KQ /V. 
D.C. Current, 10uA to 15A 
f.s.d. 
A.C. Current, 15A. 
Mirror -scale, rugged 41, 
taut -band suspension, 46,°,,i7- 

m dB scale, diode and fuse ' 

protection. 
Supplied complete with test 
leads and leather carrying -case 

Invaluable in any 
Service Department 
or Development 
Laboratory. 

KDP Model TT1 
This compact unit 
facilitates the rapid 
checking of junction 
transistors (NPN or 
PNP), indicating a 
fault in either 
junction, excess 
leakage current 
PLUS a spot -check 
of d.c. current -gain 

* £39.50 
See inside back 
cover for details 
of ICE Super 
range of multi - 
meters! 

I =0 ELECTRONIC BROKERS LIMITED (New Products Division) 
49-53 Pancras Road, London N W1 2QB. TeI:O1 -837 7781 
Add 8% VAT to all prices shown. Carriage extra, details on request. 
Callers welcome - Monday to Friday 9 a.m. to 5 p.m. 
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When he's there 
and you're 
here... 
how do 
you 
talk? 

Nolton o e 
The totally flexible high power personal radio that moves 

with you from vehicle to site situation or office to give 

instant contact wherever you are. 

Easily transferable from vehicle to vehicle the Nolton 
Sabre transforms the smallest fleet into the most 

efficient and contactable system with minimum outlay. 

NM I1=1I=1 = =II - - -MN! NMI IN 

Please arrange a demonstration of the Sabre Personal 

Mobile 

Please send me full details 

Name 

Address 

Nolton 
CommunlCQtlon/ Ltd 

Delete if inapplicable 

Radiotelephone Division, 
Fieldings Road, Cheshunt, 
Hertfordshire. 
Tel: Waltham Cross 33555 
Telex: 28952 

WW - 107 FOR FURTHER DETAILS 
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BIRD HIGH POWER 
AATORS 

AlTEN , ̀S 
S 
S 
5 

The widest 
power range ATTE 
in 50 -ohm High /)17 
fbwerAttenuato .. 

Select from nineteen Ai 
models in our catalog ATTENUATORS 
from 25 watts to 4000 

ATTENUATORS watts continuous power, .ATTENUATORS 
3 dB to 30 dB, 0 -1000 MHz. 

Who Else But a 
EXCLUSIVE UK REPRESENTATIVE 
FOR BIRD ELECTRONIC 

ATTENUATORS 
ATTENUATORS 

ATTENUATORS 
ATTENUATORS 

AtTf 
1,!ff 

ASPEN ELECTRONICS LTD. 
2 KILDARE CLOSE, EASTCOTE, MIDDX. 
Tel. 01 -868 1188. TELEX 8812727 

WW-089 FOR FURTHER DETAILS 

AUDIBLY SUPERIOR 
AMPLIFICATION 

HIGH DEFINITION - ̀MUSICAL' - POWER AMP 

MODULES 

* T.H.D. TYPICALLY .007 °o 

10W, 500Hz 

* ZERO T.I.D. (SLEW -RATE 
LIMIT 16V /uS) 

Module size: 
120 x 80 x 25 mm. using 
glass fibre pch with ident 
and solder resist. 
Illutr81sd with lid l duty 
heatsink. 

CRIMSON ELEKTRIK power amplifier modules are fast gaining a reputation as the best sounding. most 
musteal modules evaalble Perhaps the most important teatures of thts dusty!, are 

e 

cepitonal Ireedom 
Purr crossover distortion (due to the use of output troles, and zero T I D The amphher is protected against 
open and short oads and yet will drive a highly reactive lower impedance load which is more 
representative of a teal loudspeaker Square waves matntain Melt 

s 

r up to full power whdst 
simulated electrostatic loads are easily handled with egilytble overshoot and a settling time of 12. S 

Other specs S N t 110dß Rrse time 10. S Sensitivity 775mV DC coupled. 511r. 35kHa -3d51 THD 
015`fí 100mW-clipping, 500Hz 

CRIMSON ELE KT RIK power supplies ate In kit form for martmurr Ile.tbittty and feature a low held 

slenline toroidal transformer with a 120 -240o primary and screen two largecapacttors bndge'rectitier and 
all fixings 

Heats,nks are attractive black anodised extrusions. 80mrn wide 

POWER AMP MODULES 
CF 608h0wrms 11 ohms 35r dc 

CL 1004 Ixwrns 4 ohms - 35r dc 

CE 1p1ß 100Wrms B ohms 450 dc 

POWER SUPPLIES 
CPS 1 far 24E608 or I.r,f 1001.. 
CPS Z for 2CE1004 or 2 or 4sCE608 

CPS 3 for 2eCE 1008. 

HEaTSINKS 

11 om 50 2 C w 

tilge power 100 N 54 C/W 
Disco ,group 15000.1.1' CYR 

ROME 

CI6.30 
(19.22 
(23.22 

(I 2.135 

C14 55 
EIS 115 

90 
E1.60 
E2.30 

EUROPE 

C16.30 
019.00 
022.70 

(14.20 
017.90 
(19.20 

(1.30 
02.40 
03.65 

CRIMSON 
ELEKTRIK 

lWWl 
74 STATION ROAD 

RATBY 
LEICESTER. LE60JN 
TEL: 105331 386211 

, v pnces include VAT and carnage Payment by cheque. PO CUD 6Op 1.50 limit, Export no problem 
topean prices include carriage . insurance and handltny payment in S Ming by bank drat, PO 
.r nati Outside Giro or Money Order Out de Europe please write for specific q tote by return Send SAE or 

..,Internattonal Reply Coupons for lull tite rature Favourable trade gganmy price tist on request Suitable 
emp Cncull 20,, 
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SERVICE TRADING CO 
R E LAYS Wade range of AC and DC relays 

available from stock. Phone or write 
in your enquiries 

WHY PAY MORE?! 
MULTI RANGE METER. A.C. volts 2.5 -500 D.C. 
volts 2.5 -500 (Sensitivity 20000 /V D.C. & A.C.) 
D.C. current 0/1/10/100 mA. Ohms range. 
Sturdy compact moving coil instrument with 21 
ranges. dimensions 120 x 80 X 44mm Weight 
0.32 kg. SERVICE TRADING CO. Price £5.50. 
Incl. leads and battery Post 50p (Total price inc. 
VAT & Post [S.A.) 

TRIAC 
Raytheon tag symmetrical Triac. Type Tag 250/500v. 10 amp 
500 pw. Glass passivated plastic truc. Swiss precision product for long 
term reliability E1.26. P&P 10p (inclusive of date and application 
sheet). Suitable -0lac 20p. 

VARIABLE VOLTAGE TRANSFORMERS 
Centavo extra INPUT 230 v. A.C. 50/60 

OUTPUT VARIABLE 0/260v. A.C. 

BRAND NEW. All typas. 
1200W (1 Amp) fitted A/C 

volt mater £ 12.50 
0.5 KVA (Max. 212 Amp) £15.00 
1 KVA (Mau. 5 Amp) E19.50 
2 KVA (Max. 10 Amp) £32.00 
3 KVA (Max. 15 Amp) E39.50 
4 KVA (Max. 20 Amp) £60.00. 

0 to 60 MINUTES CLOCKWORK TIMER. 
Doublej,ole 15 amp 230AC. Contacts (no dial) E1.89. P &P 30p. 

GALVANOMETER. So micro mirror gelvo 
Calibrated 50 -0 -50 and 0 -100 Mfg. by Griffin & George 
Ltd. Offered at fraction of maker's price, in original ministry 
packing £12.00, p &p 60p 

CONTACTOR 
Mtg uy nendrey Relays. type C2839 
220/250 AC ops. Contact 4C/0 at 20 amp 
at 440 volts AC, price £0.00. P &P 75p. 

230 VOLT AC FAN 
ASSEMBLY 
Powerful continuously rated AC motor complete 
with 5 blade 61/2" aluminium fan Price £3.85. 
P &P 65p. 

21 -WAY SELECTOR 
SWITCH with reset coil 
The Ingenious electro mechanical device can be 
switched up to 21 positions and can be reset from 
any position by energising the reset cod. 

230/240v. A.0 operation. Unit is mounted on 
strong chassis. Complete with cover. Price £5.50. 
P &P 75p. 

VORTEX BLOWER AND 
VACUUM UNIT 
Dynamically balanced totally enclosed 9" 
rotor with max air delivery of 1 5 cubic 
metres per min Max static pressure 
600mm W G Suction or blow from 2 
side -by -side 37mm I.D circular apertures 
fitted to base of unit Powerful continuously 
rated 115v a c motor mounted on alloy 
base with horny facilities Dimensions 
Length 22cm a width 25cm x height 25cm 
These units are exaquipment but have had minimum use. Fully tested 
prim to despatch. Price E12 + E1 50 P &P. 
Suitable transformer for 230/240v a.c. E6 + Et P&P 

Ink 
(0010; 

LT TRANSFORMERS 
0- 12v /24v at 1 amp. 
0-15v at 1 amp. + 0-15v at 1 amp (30v 1 amp.) 
25.0.25v at 21/2 amp. 
0-12v/24v 10 amp. 
0- 4v/6v/24v/32v at 12 amp 
0 -12v at 20 amp or 0 -24v at 10 amp. 
0-6v/12v/17v/18v/20v at 20 amp. 
0-6v/12v at 20 amp. 
Other types m stock. phone in enquiries. 

E2.50 p&p 50p 
E2.50 p&p 50p 
E4.50 p&p 75p 

E12.35 p&p E7.50 
E13.00 p&p E1.50 
E12.40 p&p E1.50' 
E14.00 p&p El 50 
E11.115 p&p E1.00 

12g 

GEARED MOTORS 
100 R.P.M. 115 lbs. ins.!! 

115 Ib. ins., 110 volt. 50Hz. 2.8 amp. single phase, 
split capacitor motor. Immense power. Continuously 
rated. Totally enclosed. Fan cooled In4roe earbox. 
Length 250mm. Dia. 135mm. Spindle Dia. 15.5mm 
Length 145mm, ex- equipment tested £12.00. Post 
E1.50. Suitable transformer 230/240 volt £6.00. 
Post 75p. 

15 R.P.M. 
Type 5D48 15 r.p.m. 80 lb. ins. Input 100/ 120 volt A.C. Length incl 
gearbox 270mm. Height 135mm. Width 150mm. Shah drive 16mm. 
Weight 8.5 Kilos. BRAND NEW. Price £10.00, can E1 00. 
Suitable transformer for use on,220 /240 volt A C E6.00. Post 50p 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.p.m. torque 10 Ib. in 
Rowena*, 1/70th h. p. cycle .38 amp. This U.S A. motor is offered In 

as new condition. Input voltage f m 
for 115v A.C. Supplied complete 

340 with transformer for 230 /v Yapara, 
Price type £0.25. Post 75p or less transformar E3.78. Post 65p. 
(Type 3) 71 r,p-rn. 230 Volt A,C. 
Continuously rated. Non reversible. £0.60 Post 75p. 

300 V.A. ISOLATING TRANSFORMER 
115/230 screened primary, two separate or 115v for 115 or 230v. 
Secondary two 115v at 150 V.A. each for 1 1 5 or 230v output. Can be used 

n canes or parallel connections. Fully vopicalised. Length 13.5cm. , width 
11cm., weight 15lbs. Special price E11.00, carr E1 00 

RODENE UNISET TYPE 71 TIMER 
0 -60 sec. 230v AC operation. Incorporating a lapsed time 
indicator and repeat facilities. A precision motorised timer 
ideal for process timing, photography, welding, mixing etc. 
Pnce E6.00 p &p 60p 

STROBE! STROBE! STROBE! 
.,a HY -LIGHT STROBE KIT Mk. IV sa 
ay Latest type Xenon white light tube. Solid state timing am ar 

triggering circuit. 230/240 volt A.C. operation. Speed adjustable 
1 -20 l.p Designed for large rooms. halls, etc. Light output * greater than many (so called 4 Joule) strobes. Price E11.00. Pbst * 

* Post E1islly 
designed case and reflector for Hy -Light E5.25. * 

* *j tent,,** ***t* ** * ULTRA VIOLET BLACK LIGHT * FLUORESCENT TUBES 
4th- 40 swat E7.75 (callers only). 2R. 20 watt 15.50. Post 60p. * * (For use in stan bi -pin finings) MINI 12th. p wen E1 -75. Post * * 25P. pan. S welt E1.40. Sb.. 4 watt E1.40. Post 25p. 
Complete ballast unit. Either 6 ". 9" or 12" tube 230V A.C. op. * £3.50 plus p &p 40p. Also available for 12V D.C. op, E3.50 plus * P&p 40tt 

* * * *4'* * * * * * * * * * *1k* 
XENON FLASH 
GUN TUBES 
Range of Xenon tubes available from 
stock S.A.E. for full details. 

Af* A 

A.E.G. WATER PUMP- 
200/240v a c motor . 2850 rpm 480w 
approx 1, 3 hp. driving a centrifugal pump 
with 11/2" inlet and outlet delivering approx 
40 galls per min. at 101t. head. Ideal for 
pumping or circulating any non corrosive 
light viscosity liquid. Dozens of uses m 
industrial labs. etc Note this pump is not 
self -priming Price E15 + 75p p&p 

CITENCO 

Ig6 FHP Motor typa C. /333/15-220/240v a.c. 19 
rpm reversible motor, torque 14.5 kg. Gear ratio 
144:1 Brand new incl. capacitor. our price 
114.2E + £1.25 p &p.,, 
REVERSIBLE MOTOR 230V A.C. 
General Electric 230v A.C.. 1,600 r.p m U.15 amp. Lomplete with 
anti -vibration mounting bracket and capacitor. 0/A size 110mm a 

95mm Spindle 5/16" die. 20mm long Ex-equipment tested. E3.00. 
Post 50p. 

A.E.I. MOTOR 
AEI 1/12 hp continuous rated, reversible motor. 100/120v. A C 

50/60 cycle 2850 r.p.m. Flange fixing dra 4 ". length 41/2", shaft 1" 
X 5/1V. Pnce £3.25. P &P 75p. 

METERS NEW 90mm Diameter 
Typs SECS D.C. ives. 2. 5, 10, 20. 50 amp E3.50. 100 
amp 13.50. Type 52T2 A.C. M /I, 1, 10. 50 amp 
£3.50. 0.150 Volt. A.C. M/1 C3.50 and 300 Volt A C 

R /M /C. [3.80 P &P 30p. 

CENTRIFUGAL BLOWER 
Mfg. by Smiths Industries 230/240v a c Miniature Model Series 
5E7200. Size 95mm x 82mm x 82mm. Aperture 38mm x 31 mm. 12 
c.f. m. £2 75. Post 50p. Mfg. by Fracmo 115/230V a.c. 2800/3400 
r.p.m. Fan type aperture 3" x 21/2" VBL4 /L. Price E12. Post E1. Also 
available extremely powerful blower mfg. by Fracmo. 

NI -CAD BATTERIES Imm9ht 

23 AH 1 2v Plastic Case E4 
35 AH 1.2v Metal £6.50 
40 AH 1 2v Plastic Cae £8 
Postage' 30p per unit 

214 
219 
275 

Width 
lmml 

79 
75 
80 

Lengm 
mml 

27 
29 
35 

UNISELECTOR SWITCH 
4 bank. 25 way 75 ohm coil. 36.48v D.C. 
operation. Ex, new equipment, E4.25, P &P 
75p. Total price inc. VAT, £5.40. 

MINIATURE UNISELECTOR 
- 

12v. 11 way 4 bank (3 non -bridging, 1 homing). E2.50. P &P 35p 

RELAYS Wide range of AC and UC relays available 
from stock. Phone or write in your 
enquiries. 

A C Relays Arrow. 2 c/o 15 amp E1.60. 
T E C open type 3 c /o. 10 amp E1.10. Mag. Devices 2 c /o, 20 amp 
E1.50. Omoron or Keyswitch 1 c /o, 7 amp E1.00. 

,D.0 Relays Open type 9/12V 3 c/o 7 amp E1.00. Sealed 12V 1 c/o 7 

amp octal bete. 01.00. Sealed 12V 2 c/o 7 amp octal, base, E7.26. 
Sealed 12V 3 c/o 7 amp 11 -pin. E1.35. 24V Sealed 3 c/o 7 amp 
11 pin E1 -35 (amps - contact rating). P &P on any Relay 20p. 
Other types available - phone for details. 

BENDIX MAGNETIC CLUTCH 
Superb example of electro-mechanics. Main body 

two sections. Coil section is fixed and has 3k" in 
sleeve. The drive section rotating on the outer 

{r 

forameter. When engaged the transmission is ,- \), 
extremely powerful. Diameter 1'h ". Total width 
13/4". 24V D.C. op. Pece E3.50 plus p &p 45p. 

MICRO SWITCHES 
As illustrated out tined with 1" Lever. 10 for 22.00. 
Subminiature Burgess type V 411. tO for E2.60. 
50 for E10.00, post paid 
Subminiature Honeywell roller MIS Type 3 1 1 5M 9061 10 
for 12.50, post paid. 

AERATED 20 amp c /o. Mfg by 
Unimax USA. 10 for E4 -00 plus 50p P&P (min. order 10). 

NEW HEAVY DUD( 
SOLENOID 
Mfg. by Magnetic Devices. 240v A.C. 
operation approx. 201b pull at 1 25 ". Price 
E7.00. P&P 75p. 
Similar to above approx. 1015 pull E3.50. 
P &P 60p. 

230 -250 VOLT A.C. SOLENOID 
Similar in appearance to illustration. 
Approximately 11/2lb. pull. Sae of feet 1 Ys "x 13/16" 
Prove 11.00. Post 25p. 

24VOLT D.C. SOLENOIDS 
UNIT containing 1 heavy duty solenoid ammo. 25 b. pu11 at 1 in 
travel. 2 solenoids of approx 1 lb pull at 'h in travel 6 solenoids of 
approx. 4 oz. pull at Y in travel Plus 1 24V D C ASSOLUTE 
1 heavy duty 1 make relay. Price. E3.00. Post E1.00. BARGAIN. 

240 A.C. SOLENOID OPERATED 
FLUID VALVE 
Rated 1 p.s i. will handle up to 7 p s r. Forged brass body. 
stainless steel core and spring 'h in b s p. inlet outlet 
Precision made. British mfg. 
PRICE E2.76. Post 50p new original packing 

FT3 
High intensity multi turn voltage, neon 
glow, discharge flash tube. Design fr 
ignition timing, etc. E1.50 P &P 25p. 3 for 
E3.00 P &P 50o. 

RESET COUNTER 
230 eons AC 3 digits mfg Veeder Root type 
LL- 1441 E7.75 p &p 25p. 
7 fog 24o d c non set E1.50 p&p 25p 

BIG INCH 
Tiny precision built 3 rpm USA motor size 
only 1 x 1 100 volt AC op. supplied with' 
resistor for 230 volt AC price E2.00 P &P 
20p. 4 for £5.00 mote paid. 

INSULATION TESTERS 
TNEW! 

E spec. Rugged metal construction, 
suitable for bench or field work. constant speed 
clutch. Size L 8 in , W. 4 In. H. 6 in , weight 6 lb. 
500 VOLTS 500 megohms E40.00 Post 80p 
1000 VOLTS 1000 megohms E45.00 Post 80p 
SAE for leaflet. 

VAT AT CURRENT RATE 

MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

TIME SWITCH 
H041LTMANN Type V Mk II Time Switch. 200/250 
colt A.C. Two on /two off every 24 hours, at any 
manually pre -set time.30 amp contacts. 36 -hour spring 
reserve. Day omitting device. Built to highest Electricity 
Board spec. individually tested. Price £7.76. Post 50p. 
(Total inc. VAT EB.91). 

jANOAMO WESTERN type 5251 200/250 V a.c. 2 on 2 off every 
hours 20 amps contacts with override switch, diameter 4" x 3 ", price £6.00 
p &o 50o 

A.C. MAINS TIMER UNlfi 
Based on an electric clock, with 25 amp. 
single-pole switch. which can be preset for any 
period up to 12 hrs. ahead to switch on for any 
length of time, from 10 mins. to 6 hrs. than 
switch OR An additional 60 min. audible timer is 
also incorporated. Ideal for Tape Recorders. 
Lights. Electric Blankets etc. Attractive satin 
copper finish. Sue 135 mm x 130 mm s 60 mm. 
Pece £2.25. Post 40p. (Total inc. VAT & Post 
C2.37). 

POWER 
RHEOSTATS 

New ceramic construction. vitreous enamel 
embedded winding, heavy duty brush assembly, 
continuously rated. 

26 WATT 10 25. 100, 15U, 250 SUO, 1 k. 1.5k ohm E2.40. Post 
20p. SO WATT 100, 500, 1k ohm [2.00. Post 25p. 100 WATT 
1 / 5 / 10 / 25 / 50 / 100 / 250 / 500 / tk / 1 5k / 2.5k / 5k 
ohm. E4.50. Post 35p. 
Mask SM Sbl fM Iamb calibrated in Nos. 1 -9. 1 Vz in, die brass 
bush. Ideal for above Rheostats, 22p ee. 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed by makers. Will control up to 600w of fightinp 
except fluorescent at mains voltage complete witn simmer mestrucuons £3.55. 
Post 25p. 1000 wan model. E5.80. Post 25p. 2000 watt model £8.71. Post 

ACCOUNT CUSTOMERS MIN. ORDER £10.00 40 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01- 995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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SOLARTRON OSCILLOSCOPE 
CD1212 

SB40 MHZ £100 
DB 24 MHZ Twice £135 

EX- MINISTRY OSCILLO- 
SCOPE CT4S 

Double Beam DC -6 MHZ £120 

SOON AVAILABLE - 
DEC. MODULES 
PDP 1 103 with M7264 and M 7940 

MARCONI SIGNAL GENER- 
ATOR TF801B/3/S 

Freq. range 10 -470 MHZ 
£85 each 

EX- MINISTRY AM /FM 
GENERATOR 

Small compact unit 
£37.50 each 

Other modules: 
M8357 M7264 M7847E,J 
M8655 M8311YB MMV11 
H214 M7228 M7228 
Prices and other Modules available on application 

A LARGE QUANTITY OF MISCELLANEOUS TEST GEAR, CHASSIS UNITS, etc., on view at LOW COST 

TEKTRONIX OSILLOSCOPE t.,,. 
EXMNI. RYUX, 
EX- MINISTRY X BAND SPECTRUM ANALYSER CT152 
Mancini TF 1035, 8 5GH7 In 9 , r.,,l,' i'. wr. ,p,r ' 250V 
45 -65OHZ Pan mat, £120'. li 

J.A.C. ELECTRONICS FREQUENCY METER ;pe 331 HZ to 3 
GHZ and N each 
MARCONI SIGNAL GENERATORS. r..,y lange 10-470MHZ 
Type TFBO1 D'1 S £260 each 
MARCONI FM /AM MODULATION METER TF23005 One only 
£1250. 
FM /AM SIGNAL GENERATOR tvni AN USM16 10 to 

HZ Limited i,r,antty E300 r.i 
MUIRHEAD DECADE OSILLATOR D890Á E75 each 
MUIRHEAD FREQUENCY ANALYSER 0699A £50. 
SCHOMANDL FREQUENCY METER FD1 with FDM1 £75 each 
HEWLETT PACKARD Oscilloscope type 175A DC -50MHZ Double 
Beam £200, vorhdela,,imn!f,r£230. 
BRUEL& KJOER Automatic Vibration Exciter type 1016. Sine Wave 
sweep from 5HZ to 1 OKHZ E725 each 
AIRMEC WAVE ANALYSER tel 48 £40 each 
FLANN SIGNAL SOURCE . . C H7 type PCL PA E75. 
ROHDE & SCHWARZ ADMITTANCE METER BN351 1. As sew. 
£65. 
POLARAD RECEIVER Mode'. FIM 52 Cr,n,pir te 1 -10GHZ £375. 
MARCONI OSCILLATOR TF 1 101 20HZ20KHZ Nice condition 
Special price £50. 
MARCONI Wide Range Oscillator TF1370 Freq range 10HZ to 
1OMHZ Sine We 10HZ to 100KHZ Square Wave High outputs 
up to 31 5V Fantastic value at £90 e 

a MARCONI ADAPTOR TMS113 fn,rrz7oo TF1313 TFBSSee 
£20 ea 
AIRMEC 1 t ,.tie ,ou, Type 779 I. 'try, srr,en £95. 
MARCONI TF142F DISTORTION FACTOR METER giving 
percentage distortion nr. it d....r tlo ,- nbhuao,rl .5V ,,nl 'dudes any 
SpuriouS Cl7fIlp011erliS up m -/uKHZ E29.50 Mesh 
MARCONI PORTABLE FREQUENCY METER T51026 11 100 
to 160MHZ Vary f,.,e i r- ,lit.,, £25 
DECCA NAVIGATOR DISPLAY UNIT. Very impressi r, E12 -50 

- 

COURTENAY MAJOR Mk. 2. :'bit ,r,,s 5 outputs Can he 
mh,nr.l - 2:,0 r -ul..s \ -. I,,,td. £30. 

AIRMEC MODULATION METER 210 £75. 
HILGER & WATTS SPECTROMETER H 1 1 70 £200. 

. ROHDE & SCWARZ Tunable Indicating Amplifier UBM £75. 
TEKTRONIX IY,OA T cm. t77.,k,nrl Grin, -a,,,, £55 
S .E.Lah, Os, dln,rnpeTyl,r.102£220 
ROHDE & SCHWARZ POWER METER. SHED BN 2412 50 
£50. 
MARCONI RF POWER METER. Il 10,704 1 75 ohm £65 
I.C. TESTER nv SCHLUMBERGER. Modei TCI 232 - tests /4, 
709 ell DiPt1 in Hne. ,I.,t pa, k..a To,, £50 

SPECTRUM ANALYSER by NELSON ROSS. Plug -In for 
TEKTRONIX Oscilloscopes 561:'506, etc Freq 0- 500KHZ. Model 
023 E200. 
ROHDE & SCHWARZ Power Signal Generator BN41001 
100KHZ to 30MHZ £350. 
JERROLD SWEEP GENERATOR 900A £175 
TELONIC SWEEPER SM2000 - many plug -ins available - state 
frequency required between O to 1000MHZ 

- 

PICK -A -PACK 
50 PENCE 
A POUND 

From Our "Pick -A -Pack' area weigh 
up your own components No restnc- 

dons on what you take y 

EX- MINISTRY 
GENERATOR0 -20KHZ 

Sinewave output. Metered. 600 Ohms. Size 
1 6x10x9 "deep. Standard mains £22.50 each 

EX- MINISTRY 
MARCONI 0 -6 WATTS 

Multi Range. Multi Impedance 9 11 

POWER METERS. £30 each 

EXDYNAMCO Oscilloscopes INVERTORS 30V Input 
6KV Output. Size 2" x 4v," x t 1 ". Complete with 
circuitEl0 -i n &P 

MARCONI TF675F WIDE 
RANGE PULSE GENERATOR 

+ I - variable outputs up to 50V. Optional 
delay. Small compact unit. £18 ea. 

,1,.- ,,iPl oxLEV Pp, r nN! - BHANO NEV O 

EX- DYNAMCO. 10 x t n... n,. with pins Ea earn Pop ., - 

*TELEPHONES. Post oh, . style /46 Blasi, or ny.. t 

E6.50 Modern style 706 Black or two tone yiey E4.50 
.., P &P 75p each Old black style E1.60ea P &P E, 
*HANDSETS only 706 .tyre £1.75 each older six Et 
P &P 75p 
TELEPHONE EXCHANGES. @; 15 way ana,,,arx 
"' '''' ''Iw,'n', (95. 
MODERN FANS. -1 4'-x . ,'-" 240 Volts Snperlx, 

s- E4.50 -a P &P 75P 

EDWARDS HIGH VACUUM PUMPS 
Type 1 SC30 @ £50 each 
Type ES35 @ £40 each ¡ Carriage 2-2.75 9 

ROYAL INVERTORS manufactured USA. 
28V DC input. Output 1 1 5V AC 400HZ up to 

24KVA. Brand new. Crated £1 2.50 ea. 

SURPLUS - BRAND NEW - REPLACE- 
MENT TUBES FOR DYNAMCO 7100 SERIES 
OSCILLOSCOPES TYPE BRIMAR D13 -51GH 

P 0 A Transistor Scan Wide Bandwidth 
50MHZ + Rectangular 6 x 10cm -- 1KV EMT x 
sensitivity 15v /CM Y Sensitivity 6v/cM 

standard heaters Length 131/4" 
THIS IS A MUST AS A SPARE FOR THE 
DYNAMCO 7100 SCOPE OR IDEAL FOR THE 
HIGH QUALITY TRANSISTOR SCOPE BUILDER 

At £65 each. Carriage £2 50 
To Tube purchasers only Numetal Shields at 

£2.50 
ALSO AVAILABLE TUBE TYPE BRIMAR 
D10- 2100Hr32 Rectangular 7 x 5cm Mesh 
° D A Short 9' /a ". 3OMHZ+ Sensitivity x 

14V'CM. Y 10V /CM. BRAND NEW at £75 each 
Carriage £2 50 

MARCONI NOISE GENERATOR TF987/1 
4 Ranges 0 -5; 0. 1 0; 0-15; 0 -30. Due to large 

purchases now priced at £15 ea. 

TRIPODS WITH 
PAN AND TILT 

HEAD 
Will take 56íb load 

£27.50 ea. 

- 
MARCONI VALVE 

VOLTMETER 
TF428B £15 ea. 

PHOTOMULTIPLIER , i.f,A £4 re P &P 75p OVr... 

POTENTIOMETERS - All 5p e P &P Metal + e '" 
l =.a a r. d Mourn Brand new mK ion, 

, i. , .,.,i WOK ganged eor r "n _. e 
BEEHIVE TRIMMERS 3 3001 Brand Nis, '.' 5 400 

' " E3.50. P &P 750 500 ,tr £15. r . 

- ° 't' [25, trip l' su 
LARGE RANGE OF ELECTROSTATIC VOLTMETERS. 

E5. - E1 per NV'rr i' 
DON'T FORGET YOUR MANUALS. 

Ett id 
HASE i A oatp 5' v £E5- 240KV SINGES PHASE 

240V SINGLE PHASE F 1 ' E175. 

DESKS with Punch Reader. Printer and ,oit Ke t rit y I Some ASCII 
Various models from £200. 

12 7F MAG TAPE 
Appiox 2 000 ft NOW 25p each. P &P I 1 

WE ARE BREAKING COMPUTERS 
UNIVAC HONEYWELL. ICL 1900 etc 

Boards Power Supplies Core Stores are available 

DATA LOGGER 
by DYNAMCO +'3999 (4$s 
These art. BRAND NEW - . 
not finished - DATA LOG- - 

GERS BY DYNAMCO. 
- 

They are completed but for 
the plug-in boards 
The case.with hinged lid is quite superb and extremely adaptable It 
contains as well as the mother board an equally superb Power Supply 
with the following voltages +28V, +15V. +5V (2 5A) - this supply 
is crowbar protected. -5V: --14V. --20V, -24V, -48V and other 
supplies including auto ii0V This unit supplied in its original 
cardboard box complete with original manual and must be of serious 
interest to the professional constructor and anyone considering the 
construction of a micro processor system. Unit size 71/2" high x 19" 
wide x 23" deep 

Price E45 each Carriage £2 75 

FOR THE VDU BUILDER tube type C Ype ME 1 220 74x 1 5r,m at E9 ea. 
Base connections supplied 

C.D.C. DISK DRIVES 
TWIN E.D.S. 

Single phase air conditioning not requded Guaranteed fine 
Condition £240 each Complete with sopy o1 manual and 50 packs 
Size approx 7 e2 x3 s high 

PICK -A -PIECE 
FROM OUR 

..PICK -A- PIECE" AREA 
SUPERB PROFESSIONAL VDU CASES, size 23" x 16" o 15'r on 
stands Hammer grey BRAND NEW SCHLUMBERGER Surplus £20 
earl, PI C K -A -IVI ET E R 

£1 EACH 
A LARGE SELECTION OF BRAND 

NEW AND EX -EQ. METERS 

SOMETIMES AVAILABLE 
TELETYPE ASR33 at £500 
KSR33 at E325 
KSR non standard e g basic ASG1-2Oma loop - but small print o to 
9 above standard 0 to 9. some of the symbols having been relocated 
£250 ea. 

Minimum Mail Order £2 Excess postage refunded. Unless stated - please add £2.75 carriage to all units 
VALUE ADDED TAX not included in prices - Goods marked with *121/a / VAT, otherwise 8 
Official Orders Welcomed. Gov./ Educational Depts., Authorities, etc., otherwise Cash with Order 

Open 9 a m to 5.30 p m Mon to Sat. 

B 
,,,......,......, IC I'UL'FII- A LTD 

7/9 ARTHUR ROAD, READING, BERKS (near Tech. College, King's Road). Tel. Reading 582605 
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ICS TRANSISTORS RESISTORS 

DESPATCHED ON DAY ORDER RECEIVED 

SWITCHES LAMPS PLUGS SOCKETS ano is EMU 
winH THE urnQuE 
CO1710I110 CATALOGUE/ORDER FOR 

ACE MAILTRONIX lid 
IlgitwwlmN Street 

wnda wrwm,e WFi 

ACE MAILTRONIX LTD 

Dept.wwTootal Street 

Waketield,W.Yorkshire WFI5JR 

SEND STAMP ADDRESSED ENVELOPE NOW FOR THE EASY TO 

USE ACE ORDER FORM CONTAINING 500 TOP QUALITY POPULAR 
ELECTRONIC COMPONENTS AT PRICES YOU CAN AFFORD. P &P 
FREE ON ORDERS OVER £2, OTHERWISE 20p. ALL PRODUCTS 

GUARANTEED ONE YEAR IF CORRECTLY USED. SOME EXAMPLES 
FROM THE COMPETITIVE ACE RANGE WITH VAT INCLUSIVE 

PRICES ARE SHOWN BELOW 

BC107/ 108 /109 Metal 13p 
BC207'208/209 Plastic 11 p 

2N3055 65p 
7410pAmp -8pin 30p 
555 Timer 50p 
WO41A Bridge 31p 
7400TTL 15p 
IN4148 Diode 4p 
IN4001Rec 5p 
BZY88 Zeners 12p 

14W Resistors CF 5 
Minpresets Horiz/ vert. 
Electrolytic 100,,F 25v 
Polyester C280 0.1"F 
LED Red 0-2" 
Phono plugs 
Min toggle SPST 
Wire-INC Stranded 10m 
Veroboard 01 2-5x 3.75 
S -DEC Breadboard 

3for 6p 
8p 

10p 
8p 

15p 
8p 

80P 
25p 
50p 

216p 

Cot an ACE up cour sleeue! 

A SEMICONDUCTOR POWERHOUSE 
TRAMPUS ELECTRONICS LTD.. 58 -60 GROVE ROAD, WINDSOR, 
BERKS. SL4 1HS. (Trade, Expon & Retail) 
Tel. WINDSOR (07535) 54525. Callen welcome Mon. -Sat.. 9 a.m. -5 p.m . 

rufac 
tellephone. 
other paces 
nark d not 

s lowest ,,ices Bau ayca,d & A s by posi spec, Icat' 0.15 

L5 mm'mum VAT Add EL to prices marked add 121/2 4 VAT to . 

Post & Packing 20p U K Send CWO except Govt Depts etc Mono, 
satisfied Catalogue sale 1,51 free Send SAE 

TRANSISTORS SCR S TRIALS: ST2 25p' 
BC107 108or109 ALL 9p' BR100 40p' 
BC107B 15p C1064A400V 55p 
8C108BorC 15p IA 400V SOp' to 600V 69p' 
BC109B or C 15p' DISCO TRIAC 10A 4005 80p' 

I.C.'s All price each 
555 DIL 8 TIMER 37p' 
/23 5099 REG 47p' 
123 OIL 14 PIN 69p 
741 DIL SPIN OP AMP 25p' 
741 DIL 14 or 1099 36p' BC147 8 9 12p VERO. All stocked 0 1 

/47 DUAL 741 89p' BC167 8 9 10p 
748 DIL 14 PIN 29p' BC177 8 9 20p 5 
748 DIL 8 PIN 49p' BC182 3:4AOrL 10p 31" x 17" E2.50' 2" x 4" DII 
7805 PLASTIC or TO3 E1.00' BC2I2 3/4AorL 14p 75p. 
7812 or 15 PLASTIC £1.50' BCY70r71.72 zop' 6" x 4" OIL BREADBOARD 
76013 or 76023 £1.69 BD131 or 132. ea 39p' E2.44' 
8038 SIG GEN £5.00 BFY50 51 or 52 20p' POTS 25p- PRESETS 9p. 
AY51224 CLOCK E2.50' MJ29551PNP30551 £1.50' RESISTORS 2p. CAPACI- 
LM340 50p' MJE2955 £1.40 TORS: CERAMIC Sp. ELECTRO 
LM301 OIL 14 PIN 29p' MJE3055 55p' LYTIC 1uf -100uí 7p. 
LM301 DIL 8 PIN 59p' ORP12 50p' HEATSINKS TO18'T01, 5p' 
LM309K TO3 5V £1.00' TIP29 30 31 32C 60p' TO3 29p' 
LM31B70V US £2.25' TIP41AOR42A 65p' SOLDER DISPENSER 1 BSA I, 
LM38ON 2W AF E1.00 TIP41Cor42C E1.00' 35p' 
M3900 QUAD OPA 75p' T1P2955 65p' SOLDERCON 100 45p' 

V1C1310 YES ONLY 7513" TIP3055 55p' E4' 
NE555 TIMER 37p' TIP43 UJT 30p OIL SOCKETS S or 14 or 16 

NE5562x 555 E1.00' 252646 UJT 50p' 1Sp' 
SN76611 &601F £1.25 
1841310 7W AF £1.00 

2N2904 ORS 
2N2926YG 

30p' 
15p' 

CMOS: Dl,.., stocked e 

23p' 

LEDS /r" 8..2" DIO 
253053 
253055 115W 

24p' 
45p' 

tl lv ' 59p' 
12Op' .1049 , i,'l 23p 

RED NO CLIP 11p' 253442 120V 3055 £1.50' 2" RED & CLIP 15p' 2N3702 3 5 6 10p 
COLOUR LEDS 29p' 253704 9p 
DISPLAYS IRED LED, 2193819E or 23E 18p TTL 7400N SERIES 
0 3" DL704 2 65p' 2N3904.5 6 20p 14I/,'. 14p' ì.19U 49p' 
0.3" 01707, 2 65p' 2N5457FET 50p 740' 1451 5Op 
'16" 01747 2 E1.00' INS BUSH SETS EA 10p' 7454 20p' 7493 550p' 
TGS308 GAS DETECT Oh E5.00 MATCHING ADD 20p' 7408' 910p' 74107 20p' 
309pí MEO 'SHORT TUN/ II 7413 39p 74121 33p' 

El .00' FULL SPEC. PAKS 7417 2029, 74123 39p' 
AUDIBLE WARNING SLFEPEN PAN t II. IEDS E1.00 7430 8p' 74141 80p' 
12V 100mA £1.49' PAK IT 4. 1411, E1.00' 7440 15P 74157 50p' 
DALO PCB PEN. 2 TIPS 74p' PAK C 3 x 253055 £1.00' (441 79P 74193 50p' 
SRBP 6" x 4" 60p' PAK H 6,253819E [1.130" 7447 84p' 
EEC £1.00' PAKK 40x15914 E1.00' 7448 6Op' QUOTE THIS 
PCB ETCHING KIT E2.00' PAKN 25, 0681. 91 E1.00' 7470 7229p' AD FOR 

DIODES PAK M 3 x 2 AMP PNP NPN 7473 7435,' SPECIAL 
0A81 91 5p 
'N4148 & 15914 SILICON 40' 

PAIRS 60 VOLT (TOTAL I, 

£1.00' 
7475 40p PRICES 
7476 39p' SHOWN 

IN4001 Sp' 1N4004 Op' 
B; 758 ZENERS 400mW 113p' 

PAK W 20 x MIXED 10V 
ELECTROLYTIC 2- 100,,1 

748(1 

R5100,í 14 ',II', 25p' 60 £1.00 -;455 SI lop' 
El .00' MORE PAKS IN FREE LISTS 

reprints 
If you are interested in a particular article/ 
special Feature or advertisement published in 
this issue of 

WIRELESS WORLD 
why not take advantage of our reprint service. 
Reprints can be secured at reasonable cost to 
your own specifications providing an attractive 
and valuable addition to your promotional 
material. 
For further details contact: 
Brian Durrant, IPC Electrical -Electronic Press Ltd. 
Phone: 01 -261 8597 or simply complete and 
return the form below, 

To: Brian Durrant, Reprints Department 
Dorset House, Stamford Street, London SE1 9LU 

I am interested in copies of the article/ 
advertisement headed 

WIRELESS WORLD 
on pagels) in the issue dated 

Please send me full details of your reprint service by 
return of post. 

Name 

Company 

Address 
Tel. No. 

featured in 

Radio Shack Ltd 

DRAKE'S SUPERB 
TRANSCEIVER TR -4CW 
S.A.E. for details please. 
AS WELL AS DRAKE EQUIPMENT, WE ARE THE DIRECT IMPORTERS OF HAL 
RTTY AND MICROPROCESSORS. ATLAS, NYE MORSE KEYS, PRESTEL VHF / 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, ASAHI, JAYBEAM, DECCA AND 
THE USUAL ACCESSORIES-COAX. CONNECTORS, INSULATORS, VALVES. Etc 

SEND FOR A COPY OF OUR PRICE LIST (Stamps please) 
We are situated lust around the corner from West Hampstead Underground Station 
IBakerloo line) A few minutes walk away is West Hampstead Midland Region station 
and West End Lane on the Broad 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: 23713 

WW - 113 FOR FURTHER DETAILS 
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Appointments 
Advertisements accepted up 
to 12 noon Monday, October 
3, for the November issue, 
subject to space being avail- 
able. 

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, c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU.) 
PHONE: Eddie Farrell on 01 -261 8508 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

/r 
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Radio Officers -now you can 
enjoy the comforts of home. 

Working for the Post Office Maritime Services really 
makes sense. You still do the work that interests you, 
but with all the advantages of a shore -based job: more 
time to enjoy home life, job security and good money. 
To qualify, you need a United Kingdom Maritime 
Radiocommunication Operator's General Certificate 
or First Class Certificate of competence in 
Radiotelegraphy, or an equivalent certificate issued 
by a Commonwealth Administration or the Irish 
Republic. 

Starting salaries, at 25 or over, are £2905 rising 
to £3704 after three years service. Between 19 and 
24, the starting salary varies from £2234 to £2627 
According to age. In addition, a supplement of £312 

p.a. is payable. You'll also receive an allowance for 
shift duties which at the maximum of the scale 
averages £900 a year and there are opportunities to 
earn overtime. There's a good pension scheme, sick 
pay benefits and prospects of promotion to senior 
management. 

Right now we have a few vacancies at some of 
our coastal radio stations, so if you're 19 or over, 
preferably with sea -going experience, write to: 
ETE Maritime Radio Services Division ( L690), 
ET 17.1.1.2., Room 643, Union House, 
St. Martins -le- Grand, London EC1A lAR. 

Post Office Telecommunications 

UNIVERSITY OF LONDON 
INSTITUTE OF PSYCHIATRY 

MEDICAL LABORATORY 
TECHNICIAN 

Whitley Council salary scale up to £3.700 
per annum. The appointee will work on 
research projects concerning clinical neuro- 
physiology, and involving electronic and 
computing facilities, as well as undertaking 
some routine Departmental duties. The post 
will be for six months, with the possibility of 
renewal thereafter. Application forms from 
the Secretary, Institute of Psychiatry, De 
Crespigny Park, Denmark Hill, London SE5 
8AF Tel. 01 -703 5411 ext 228 quoting ref 
CDM WW 7503 

L4 CAP/M1 APPTS. 

M 

4 

FREE LISTS 
101 Design /Development 

and Test Jobs. 
Permanent and Contract 

To £6,000 
(7553 

LLL 

` 
637 ssSlseyt S.fO 'Mere 

LEADING EXHIBITION ORGANISERS 
require 

SALES MANAGER 
with knowledge of the Electronics Industry 

A Sales Manager is required to develop and further expand major International exhibitions 
organised by the iITF Group. The ideal candidate will have a sales background and a good 
knowledge of the Electronic Industry 

The position involves a certain amount of overseas work and linguistic abil'ty would therefore 
be an advantage. 

We offer an exciting and challenging career in excellent working conditions. A starting salary 
of c£5,500, company car and other large company fringe benefits will be offered to the right 
candidate. 

Apply in confidence to Mr. John V. Legate, Sales Director, Industrial 81 Trade Fairs Ltd., 
Redeliff House, Blenheim Court, Solihull, West Midlands B91 2BG. Telephone: 021 
705 5707. 

APPOINTMENTS 
IN 

ELECTRONICS 
Take your pick of the 
permanent posts in 

MISSILES - MEDICAL 
COMPUTERS- COMMS 
MICROWAVE - MARINE 
HARDWARE - SOFTWARE 

For expert advice and Immeh 
ate action on career improve 
ment, 'phone, or write hi. 
Mike Gernat BSc 

Té chnomark_ 
11 Westbow ne Grove 

I ondon W7 Ol ?79 9239 
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DESIGN /DEVELOPMENT 
E r 

anti wins Army contract. 
Fern 

Ferranti land s 

MORE JOBS FIS 
Pace order. 

!NTIEPAN D. o rder 
goes to F 

C and make erranti. 

h0me ead I i nes with us. 
Headlines like these are only possible when you're acknowledged internationally 

as one of the world's leaders in avionics. To keep us at the forefront we need highly 
motivated design development engineers keen to make their mark. And at Ferranti 
there's plenty of opportunity to do just that. On projects like the Tornado, Sea Harrier, 
Jaguar and Lynx. 

And headlines like these also mean expansion. Which explains why we're 
looking for more graduate mechanical and electronic engineers to join our airborne 
radar and inertial navigation teams. They must have the design development 
experience to spearhead the progress of equipment from drawing board through to 
production. 

We are particularly interested in talking to engineers with backgrounds in the 
design of:- 

Digital /analogue circuitry. Advanced instruments. 
Microwave and laser techniques. Optics. 
Small digital computers. Airborne structures and light mechanisms. 
So if you're keen to make your mark on avionics, you'll find you're very much 

on our wavelength. 
Think about it. Then ask the family how they'd like living in Edinburgh, freely 

acknowledged as one of Europe's finest cities. 
Salaries are negotiable and, of course, we operate a contributory 

pension and life assurance scheme and pay realistic 
relocation expenses. 

For an application form, write to 
John McPhee at the address below: 

Ferranti Limited 
Ferry Road 
EDINBURGH EH5 2XS 
Tel: 031 -332 2411. 
These posts are open to both 

male and female candidates. 
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SYSTEMS TEST 
ENGINEERS 
£3,500 - £4,000 

Several interesting opportunities are available for Test Engineers, qualified 
to O.N.C. ; H.N.C., degree standard, or ex- military personnel, to join our 
Test Engineering Department which is currently located in North London 
but will be moving to new premises in East Anglia /East Midlands later this 
year. Therefore, we would be interested in receiving applications from 
candidates who are either currently seeking a new appointment, or who may 
be interested in changing their jobs later in the year. 

Suitable applicants will have had 1 -5 years' practical experience of testing, 
modifying and repairing electronic systems. A knowledge of analogue and 
digital electronics is required and an understanding of computers would be 

an advantage. Full training will be given. 

These positions offer progressive salaries with regular reviews and good 
employment benefits. 

Please telephone or write for an application form quoting reference G /1013, 
to: - 

Linda Geers, Personnel Officer, 
CROSFIELD ELECTRONICS LIMITED, 
766 HOLLOWAY ROAD, 
LONDON N19 31G, ENGLAND 
Telephone:01 -272 7766, 

A member of the De La Rue Group of Companies. 
(7551) 

AVIONICS 
ENGINEER 

Licensed 12 1 , 12.2 and 1 2 3, 
required to help organise and run 
overhaul workshop. 
Apply to: Aeronautical & Commercial 

Instrumentation Ltd. 
143a London Road 

Apsley 
Hemel Hempstead 

Herts HP3 9SQ 
Tel 0442 61918 75131 

CHELSEA COLLEGE 
University of London 

ELECTRONICS 
TECHNICIAN GRADE 5 
Vacancies exist in our Electronics 
Workshop and Electronics Research 
Laboratory. Interesting prototype 
design and development plus servic- 
ing or experimental work. Relevant 
experience essential. Salary in the 
range £3377 -£3856 per annum 
(inclusive of London Allowance and 
Supplements). Application forms and 
further details from Mr. M. E. Cane 
(5E), Department of Electronics 
Chelsea College, Pulton Place, Lon- 
don SW6 5PR. 7508 

INTERNAL 
SALES ENGINEER 

We are looking for an Internal Sales Engineer with some 
knowledge of electronic test and measuring equipment to assist our 
Sales Director. 
The job is ideal for an engineer, working in sales, who wants an 

opportunity to expand his career and profitability. There is plenty of 
scope for promotion within the company. The right applicant will 
be familiar with the major manufacturers such as Marconi, 
Tektronix, Hewlett Packard, Philips and Gould Advance. Starting 
salary circa £4,500. 

Contact 
Peter Melvin - Electronic Brokers, London, N W 1 

Tel. 01 -837 7781 (7524, 

SERVICE ENGINEER 
Required by our rapidly expanding Access Control Division, to 
operate from the Hertfordshire Office. Qualifications: City & Guilds 
Full Technical Certificate or equivalent experience. 

Circa:E3,500 p.a. Plus car and allowances. 
Contact: Mrs. Fitzgerald 

TANN- SYNCHRONOME LIMITED 
Stirling Corner, Borehamwood WD6 2AB 

Tel. 01 -953 2021 
75231 
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TEST 
ENGINEERS 

Vacancies exist for three Test 
Engineers in the approved test 
house of Belling & Lee Limited. 
The test house which has been 
established for over 30 years, 
holds BS9000, CECC and DGI 
Part 3 approval. 
Some experience of 
environmental testing is 
desirable, together with the 
possession of an HNC, HND or 
equivalent. 
Applicants should have the 
ability to communicate on a 
technical level both verbally and 
in writing. 

Write or telephone for an 
application form to. 

Mrs. E. M. Mansfield 
BELLING & LEE LIMITED 

Great Cambridge Road 
Enfield, Middx. 

Telephone: 01 -363 5393 

A MEMBER OF THE PYE (PHILIPS GROUP 

(7539) 

ST. GEORGE'S HOSPITAL 
MEDICAL SCHOOL 

(UNIVERSITY OF LONDON) 

ELECTRONICS 
TECHNICIAN 

required for interesting and varied work it 
the Departments of Psychology and 
Pharmacology of the new Medical School 
Both Departments have research interests 
involving elecnophys,glog,cal' recording 
apparatus linked to laboratory computing 
systems. The post would be suitable for 
someone having relevant qualifications and 
experience with similar electronic equip- 
ment, who could be appointed at the Grade 
6 level. Less experienced candidates could 
be considered for appointment at a lower 
grade, with the possibility of promotion after 
a trial period 

There would be opportunities to develop 
interests in the area of mini- comfuters 
including programming skills. 

Application forms from the Establish- 
ment Officer, St George's Hospital Medical 
School, Cranmer Terrace, London SW17 
ORE Please do not telephone 

UNIVERSITY OF LIVERPOOL 

DEPARTMENT OF ELECTRICAL 
ENGINEERING & ELECTRONICS 

ELECTRONICS 
TECHN ICIAN 

Required for the Electronics 
Workshop 

HNC or Final C &G Certificate for 
telecommunications technicians with 
at least 7 years' relevant experience 
including practical experience of the 
layout or printed circuit boards and 
the use of linear and digital integrated 
circuit required. The successful 
applicant will assist in the develop- 
ment and production of a wide range 
of instruments used in teaching and 
research. 
Initial salary within a range up to 
£3367 per annum, according to age, 
qualifications and experience. 
Application forms may be obtained 
from The Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX. 
Quote Ref. RV /521 /WW. (7504) 
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No worthwhile outlet for 
your electronics experience? 

Cut it outs 
It just isn't true and we'd like to prove it. 
We are world leaders in the field of ad- 
vanced communication systems. We design, 
develop and manufacture a wide range of 
products such as colour and monochrome 
TV cameras, line and radio transmission 
equipment, communication links, telephone 
switching and mobile radio systems. 

Test Technicians 
with good basic electronics experience to- 
gether with an ONC, HNC or C & G and 
the ability to absorb the 
comprehensive training 
we will give you, will find 
our work really interest- 

ing and varied. You would be carrying 
out non -routine testing and fault -finding 
at various stages from sub -unit to complete 
systems. There are excellent career pros- 
pects within this large and diverse company. 

Wiring Assemblers 
can work on a wide range of electronic 
assemblies but should have direct experi- 
ence of this. 
So, make the 
cut out and 

MARCONI \ 
COMMUNICATON 

SYSTEMS / 
A GEC- Mdreon,Electonics Company 

first move now. Fill in, 
send the coupon to 

R. S. Ransom, Marconi 
Communication Sys- 
tems Ltd., New Street, 
Chelmsford, Essex. 

I I am interested in joining Marconi Communication Systems 
Ltd. as a TEST TECH NICIAN -WIRING ASSEMBLER 
(delete which is irrelevant) 
Name Age 

Address_ 

Qualification Experience 

Present job__ 

i 

GUY'S HOSPITAL 

MEDICAL PHYSICS 
TECHNICIAN 

GRADE III 
for the DEPARTMENT OF CLINICAL 
PHYSICS and BIOENGINEERING. The 
Technician will loin a learn of Physicists 
and Technicians engaged on design. 
development. maintenance and repair of a 
wide range of electromedical equipment 
Minimum qualifications are an ONC and at 
least 3 years' experience as a qualified 
electronics / electrical technician 

Salary E3,776 pa. rising to E4.708 p a 

(inclusive) 
Apply to Personnel, 

Guy's Hospital, London SE1 9RT 
Tel. 01-407 7600, extn. 3462,151D 

CAPITAL 
APPOINTMENTS LTD. 

FREE JOBS LIST 
for 

FIELD SERVICE ENGINEERS 
BASIC SALARIES TO 

£5,000 + CAR 
ILL. 

34 Percy Street. London. W1 
01 -637 5551 

Radio Engineer 
A new company with expansion plans requires Radio 
Engineers with a minimum of HNC /HND qualification in 
Telecommunications / Electronics. Design / Develop- 
ment experience advantageous. 

This is a staff appointment and a company car will be 
provided. 

A salary commensurate with qualifications and 
experience will be negotiated. 

Applications in writing to: 

P. Hood 
Secretary to the Managing Director 
EMERALD ELECTRONICS LIMITED 

Willowburn Trading Estate 
Alnwick, Northumberland 

(75611 

COLOUR TV /AUDIO 
SERVICE ENGINEER 
MERROW SOUND LTD. 

Require an additional Service Engineer. 

Five -day week. Living accommodation 
for a small family could be available 
after about three months for suitable 
applicant. We handle only quality 
equipment and a conscientious engi- 
neer is required. 

Please apply in the first instance to: 
Morrow Sound Ltd. 

22 Tunsgato, Guildford 
(7563) 

DESIGN TEST 
FIELD SERVICE 

Immediate vacancies exist in most 
arias for engineers qualified to 
BSc /HÑC /C &G with analogue, 
digital or R.F. experience. 
Phone or write: 

APEX PERSONNEL 
800 FULHAM ROAD 

LONDON S W 6 

01-731 4353 j7555, 
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RF Research Engineers 

At STL our specialist team approach has successfully pioneered 
new solutions to long -standing problems in the radio field and we're 
now expanding to apply these developments to different areas. 

The new teams we're establishing need Engineers, men and 
women with experience of RF circuitry design, to work on state -of- 
the -art projects in VHF and UHF. Your sound, practical knowledge of 
radio should be coupled with the analytical competence necessary to 
validate your work and the ability to think creatively. You will probably 
have a good degree or equivalent and will have been actively 
engaged on RF projects for a few years. 

The STL environment is stimulating and encourages the 
development of every individual's ideas. As the main research centre 
for ITT's worldwide business both the scope of the projects and the 
back -up available are second to none -with salaries and benefits to 
match. These include generous expenses for relocation. 

Please write or phone for an application form, quoting 
Ref. 63/77, to: V. Hartridge, 
Standard Telecommunication 
Laboratories Limited, 
London Road, Harlow, 
Essex CM17 9NA. Tel: Harlow 29531. 

7498 

A CAREER IN 
TECHNICAL SALES? 

PARK AIR ELECTRONICS LTD. is a subsidiary company of International Aeradio Ltd.. and 

is engaged in the manufacture of Ground to Air Communications Equipment for the 

Airports of the world. 

We are looking for the right person to form and lead a technical team of Sales Engineers 
to consolidate our present effort. We believe that the right person is probably 

employed in the Test or Development areas of a Company engaged in the Communications 
field. 

The selected candidate will already have some formal qualifications, H.N.C. minimum and 

have had from two to five years in an industry related to our present activities. He or she 
will be numerate and personable, willing and able to travel overseas and is likely to be 

25 or over. 

The Company offers employment in a pleasant, low cost housing area of England to 

which relocation help will be given. with exceptional fringe benefits including pension 

scheme and up to 90 °0 rebate on holiday air fares for the applicant and his family. Salary 

will be in the range £4080 to £4800 depending on qualifications and experience. 

If you feel that you would like to become part of our dedicated team, write or telephone 

for an application form. etc., to: 

PAE 

PARK AIR ELECTRONICS LTD. 
NORTHFIELDS 
MARKET DEEPING 
PETERBOROUGH PE6 8LG 

Telephone: Market Deeping (0778) 345434 
(7547) 
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UNIVERSITY OF LIVERPOOL 

COMPUTER LABORATORY 

TECHNICIAN 
Electronics and /or electro -mechan - 

cal technician required for duties 
associated with the development and 
maintenance of specialised equip- 
ment and digital systems used for 
research and the provision of the 
Computer Service. Candidates must 
possess H.N.C. or equivalent and 
have at least 7 years' experience. 
Salary in a range up to £3367 p.a. 

Application forms may be obtained 
from The Registrar, The University, 
P.O. Box 147, Liverpool L69 3BX 
Quote Ref. RV /523/WW. 

17505) 

NUFFIELD INSTITUTE FOR MEDICAL 
RESEARCH 

ELECTRONICS 
TECHNICIAN 

Grade 5 

The post involves the development and 
construction of prototype apparatus and the 
maintenance of a variety of electronic 
equipment. 
Applicants should have at least 7 years 
previous experience in electronics and 
possess an ONC or equivalent qualification 
An HNC would be an advantage. Preference 
will be given to applicants with digital 
experience. 

Salary scale. E2889 -£3367 p.a. 

Applications. stating age, qualifications 
experience and giving the names of 2 

referees should be sent to: The 
Administrator, Nuffield Institute for Medical 
Research. Headley Way. Headington, 
OXFORD 0X3 9DS 

(7552) 

KENT AREA HEALTH AUTHORITY 
Your ONC (Electrical) could make 
you popular with our dentists with 
the above qualification or their 
equivalent, which should take in 
mechanical, electrical and elec- 
tronic experience, you could do a 
vital job installing and maintain- 
ing dental equipment throughout 
Kent. The equipment you will deal 
with includes operating lights, x- 
ray units and sterilisers; and, in 
addition, you could take on some 
minor design and modification 
work. Salary is £2,658 -£3,579 (Medi- 
cal Physics Technician IV) and a 
driving licence and your own 
transport are needed. Good promo- 
tion prospects for the right person. 
Application form and job descrip- 
tion from: Personnel Manager, 
Kent Area Health Authority, Pres- 
ton Hall, Maidstone, Kent ME20 
7NR. Telephone Maidstone 79261. 
Ext 34. Closing date for completed 
applications: 3rd October. (7563 

SPACELAB II ELECTRONICS. Space 
research will be participating in 
experiments onboard the American 
Space Shuttle in the field of X -ray 
Astronomy. Assistance is -required 
in the preparation of electronics 
for the Birmingham experiment; 
the work involves both digital and 
analogue circuitry including inert- 
ial pointing systems and micro pro- 
cessors, Salary scale £2455 -2788 p.a. 
Ref 105/C/225. Applications are 
open to men and women. Apply 
Assistant Secretary, Personnel 
Office, University of Birmingham, 
PO Box 363, Birmingham B15 2TT. 

(7559 

V.H.F. SERVICE TECHNICIAN re- 
quired with full experience of mo- 
bile radio, mobile and base station 
equipment. Applicants will work in 
our modern and well equipped 
workshops in Croydon with occas- 
sional work in the field. Service 
Engineers living in London and 
Home Counties also required to 
work in the field based from their 
homes. Applicants should be re- 
sponsible and fully experienced. 
Friendly and fast expanding com- 
pany, salary commensurate with 
ability and experience with ample 
opportunity for overtime if requir- 
ed, - Telephone Jonothan Clark, 
London Car Telephones, 01 -680 
1010. (7526 
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Marconi Instruments 

Radio Technology - London 

Telecommunications 
Officers 

The work includes the study of radio propagation matters 
over the whole of the radio frequency spectrum (1 0kHz - 275 
GHz); forward planning, management and regulation of 
frequency bands allocated to broadcasting, fixed, maritime 
and land mobile, and space services; preparation of 
specifications and type -approval of equipment for fixed and 
mobile services; application of computer techniques to 
frequency assignment problems; development of equipment 
for the location and suppression of radio interference; 
technical advice on all aspects of licensing of radio services and 
advice in connection with the international radio monitoring 
service. 

Candidates (aged at least 23) must have ONC in 
Engineering (with a pass in Electrical Engineering "A ") or in 
Applied Physics, or an equivalent qualification. In addition, 
they should have had experience in the operation of radio 
receiving equipment and have a knowledge of current 
operational systems of radio communications. 

Salary starting between £3790 and £4460 (according to 
age) and rising to £4765. Promotion prospects. Non- contri- 
butory pension scheme. 

For further details and an application form (to be returned 
by 13 October, 1977) 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/9594. 

HOME OFFICE 
17533, 

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. Albans, Herts.tel:St. Albans, 59292 

Gao Gio di; di; 
6.40# 

A GEC -MARCONI ELECTRONICS COMPANY 

ilea 
Learning Materials Service 

Television Centre, Thackeray Road, SW8 

Maintenance 
Engineering 
The Television Centre of the ILEA Learning Materials Service, 
situated at Battersea, has a vacancy for a maintenance engineer with 
specialist knowledge of professional studio and film sound equipment. 
The Centre, which produces programmes for over one thousand 
educational establishments, is provided with television and film 
production facilities at broadcast level, which are shortly to be 
converted to colour. 
The successful candidate will join the maintenance section (four in 
number) and, with other members, will be responsible for maintaining 
a very wide range of vision and sound equipment which includes 
helical scan VTR's and cassette machines. He /she will be expected to 
be the department's expert in sound with particular knowledge of 
professional mixing desks, tape recorders and 16mm magnetic film 
recorders and reproducers (some involving digital techniques) and 
must have a number of years' experience in this work. An HNC, the 
final City and Guilds certificate or a similar qualification in relevant 
-subjects is desirable. 

Salary within the scale £5072 -£5399 (Studio Technician 3). 

Application forms, returnable within 14 days of the publication of this 
advertisement, from the Education Officer, Estab. 2A / 2, Room 4A, 
Addington St. Annexe, County Hall, London SE 1 7UY. Tel: 01 -633 7456. 

(7501) 
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SENIOR TEST 
EQUIPMENT ENGINEER 
A Senior Engineer is required to control and co- ordinate the activities of a small 
test equipment team providing engineering support to the production testing of a 

new range of advanced design colour TV receivers. 

Duties will include: 

Organisation of effective calibration 'and maintenance on sophisticated 
test rigs used for the alignment and test of receiver sub -assemblies. 
Design and construction of subsidiary items of test equipment to aid the 
production process. 
Installation and maintenance of complex signal generation and 
distribution equipment providing test signals in all parts of the factory 
area. 
Close liaison with the main test equipment design team at Chessington, 
Surrey, to keep abreast of new developments and influence the design of 
new test equipment in the light of operational experience. 
Organisation of training for technicians to advance their understanding 
of production testing techniques and equipment. 

The current range of test equipment combines an interesting mixture of digital 
and analogue circuitry, with several fully automatic test rigs controlled by small 
programmable computers. 
Applications will be welcomed from suitably qualified engineers with relevant 
factory test experience, preferably with a television engineering background 
Previous experience of staff control would be an advantage. 
The appointment is based in the Engineering Department of our main production 
factory at Bishop Auckland, in County Durham, but frequent visits will be 

required to the nearby sub -assembly plant at Billingham. 
The local countryside is particularly attractive and is well served with motorway 
connections. There is a wide variety of good quality housing available at 

reasonable cost. An attractive salary is offered, obviously dependent upon 
qualifications and experience and assistance with relocation expenses is 

available. 
Please apply in confidence to: 

K. R. Smith, Esq. 
Engineering Manager 

REDIFFUSION CONSUMER 

ELECTRONICS LTD. 
St. Helen's, Bishop Auckland 
Co. Durham DL14 9AL 

Electronic 
Test 
Engineers 
We manufacture and market professional audio noise reduction 
equipment which is widely used by major recording companies. 
recording studios and broadcasting authorities throughout the 
world and have enjoyed successful growth since incorporation 
in 1968. 

Because of continuing expansion we need to recruit a number of 

experienced Test Engineers who will be responsible for testing, 
calibrating and trouble- shooting our sophisticated professional 
audio electronic equipment. 

The successful candidates, probably with degrees or HNC's. will 
have practical knowledge and experience of electronic testing 
and must enjoy the challenge of quality and delivery pressures. 

Excellent pay and conditions 

DO Dolby 
Dolby Laboratories Inc 

Write or telephone: 
Dan Bleakley 
Dolby Laboratories 
346 Clapham Road 
London SW9. 01- 7201111 

7055 
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FOREIGN AND COMMONWEALTH OFFICE 

has a vacancy for an experienced 

PRINTED CIRCUIT 
BOARD DESIGN 

DRAUGHTSMAN/ 
WOMAN 

The work consists of the design and development leading to 
the manufacture of Printed Circuit Boards from prototype 
leading to batch production runs. 

The successful applicant should have experience of the 
techniques involved in single -sided boards, plated 
through -hole, flexible and micro- miniature circuitries. A 
knowledge of associated hardware would be advanta- 
geous. 

Applicants should hold an ONC in Mechanical, Electrical or, 
preferably Electronic Engineering or an equivalent 
qualification. 

Starting salary is according to age, eg age 21-£2425 per 
annum, age 25 -£2785 per annum, and age 27 or 
over -£2970. The maximum of the scale is £3450 per 
annum. In addition, all points on the salary scale attract Pay 
Supplements of £313.20 per annum and 5% of salary 
(minimum £10.88 per month -maximum £17.40 per 
month). 
Please apply to' 
Recruitment Section 
Foreign and Commonwealth Office 
Hanslope Park, Hanslope 
MILTON KEYNES MK19 7BH (756 

Grow with one of the world leaders in 
gas turbines 

From design to manufacture, GEC are completely involved in 
furthering the role of gas turbines in the world. 
Our latest innovations have meant fhát our workload is ever 
increasing. 
Now, we need more first -class engineers who want the 
involvement and satisfaction of working with this great British 
Company. 

CONTROLS ENGINEERS 
Mechanically orientated. You'll have responsibility for the 
electro/ hydro/pneumatic/ mechanical control systems in our 
turbines. From the content of drawings to the actual 
components, and to making sure every system functions 
perfectly. 

Similar experience would be useful. A sound engineering 
background, with minimum H.N.C., is essential. 
Electronically orientated. Working with a team, you'll be 
involved in the design of electrical /electronic control units and 
complete systems. You'll also supervise the development of your 
designs. 
Essential qualifications are a general understanding of electronic 
control engineering, plus drive, initiative and at least a relevant 
H.N.C. 
As a large international company within the GEC Group we offer 
attractive working conditions, security, excellent career 
prospects and job satisfaction. Relocation expenses are paid 
where applicable. 

Come and talk to us now. Ring or write with brief details of 
age, experience and qualifications to 

SuS 

Sae 
GAS TURBINES LIMITED 

H. P. Cross, Esq. 
GEC GAS TURBINES LTD. 
Cambridge Road 
Whetstone 
Leicester, LE8 31H 

Tel. Leicester 863434 
(These appointments are open to 
male and female applicants) 17496) 
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ENGINEERING RESEARCH STATION 

Our continued expansion means secure futures 
in Research and Development at British Gas 

The Engineering Research Station moved to its modern premises 
at Killingworth, near Newcastle upon Tyne, in 1968. It carries out 
research and development in mechanical engineering design, 
materials technology and control instrumentation, relating to 
transmission- distribution and storage of gas. 

INSTRUMENT /ELECTRONIC 
TECHNICIANS 

The work involves construction, commissioning and calibration of 
instrument systems employed on test rigs and experiments, both 
in the laboratory and during field trials work. 

Candidates should possess as a minimum the Electrical 
Engineering Craft Advanced Certificate of the City and Guilds of 
London Institute. Preference will, however, be given to those who 
possess an Advanced Technician's Certificate, or a full 
Technological Certificate. 

Previous practical experience working on a wide range of 
laboratory and process instrumentation systems, including the 
operation of electronic test equipment, and electronic construction 
techniques is required. A knowledge of the characteristics and 
limitations of standard test equipment could be advantageous. 

Starting salary will be within an incremental scale rising to 
£2,991 or £3,456 per annum, plus a salary supplement of £31 2 
p.a. with initial placing according to age, qualifications and 
experience. There are prospects of promotion to posts with a 
salary rising to £3,819 per annum. 

Application forms may be obtained from. 

Manager /Management Services, British Gas Corporation, 
Research and Development Division 
Engineering Research Station, Killingworth 
P.O. Box 1LH, Newcastle upon Tyne, NE99 1LH 
or by telephoning Newcastle 684828, Ext. 348 

r III r 
British Gas Corporation 

Due to continued expansion ISCA ELECTRONICS LTD., has vacancies for a 
wide range of electronics engineers. The Company's activities are primarily 
associated with electronic weighing machines, mini- computers, micro 
processors and digital systems. Excellent opportunities are available within the 
ISCA group of Companies for further growth, overseas travel, etc. The positions 
offer varied and interesting work in a modern purpose built facility located in 
pleasant surroundings, seven miles North of Newport, South Wales. 

ELECTRONIC PROJECT ENGINEERS 
Several vacancies exist in the projects and development sections for engineers 
with experience of TTL or CMOS, mini- computers or microprocessors. A current 
driving licence is essential. The project's positions will particularly appeal to men 
or women seeking an opportunity to demonstrate both technical ability and 
responsibility. Successful candidates will be expected to make an immediate 
contribution to the Company's activities. 

PROGRAMMER 
A programmer is required with experience of DEC equipment at Assembler level 
and preferably a real -time applications background to undertake the software 
development of a number of interesting products. 

TEST /SERVICE SUPERVISOR 
A person is required to undertake the supervision of the test department, 
organise service calls, co- ordinate the manufacture of spares, specify test and 
diagnostic procedures, design test sets, set quality control standards, and be 
capable of rectifying difficult faults in the field. in conjunction with the projects 
and development sections. 

Please reply giving a résumé of experience and salary requirements to the 
Projects Manager. 

15CR 
Isca Electronics Limited 
Crosskeys 
Newport, Gwent NP1 7PX 
Tel: Crosskeys (0495) 270671 7509 
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PDP 8 & 11 

Disc & Drum memory 
Sub Systems 

TEST 
ENGINEERS 

to £5000 p.a. 

* Computer Disc & 

Drum memory 
products 

SYSTEMS 
TEST 

ENGINEER to £5750 p 

Vermont Research Limited 
Cleeve Road, Leatherhead, Surrey 
Telephone: Leatherhead 76221 

(7525)- 

COMMUNICATIONS 
CORRESPONDENT 

Electronics Weekly has a vacancy for a specialist writer 
to fill the position of Communications Correspondent. 

Applicants should have a technical background in 
electronics, and an ability to report knowledgeably on 
developments in radio communications, public 
telecommunication switching and transmission, 
broadcasting, recording and associated topics. 

The correspondent must be able to work quickly and 
accurately under pressure, as well as undertake longer 
term projects. The position involves some travel at home 
and abroad. 

This is an outstanding opportunity to join Europe's 
leading electronics publication. 

Write, giving details of career to date, to: The Editor, 
Electronics Weekly, IPC Electrical -Electronics Press Ltd., 
Dorset House, Stamford Street, London SE1 9LU. 

(7550) 
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ELECTRONICS 
SERVICE ENGINEER 

Tektronix, one of the leading manufacturers of oscilloscopes, 
currently need an Electronics Service Engineer for their Dublin 
office. 

The successful applicant should be capable of repairing our 
extensive range of oscilloscopes and associated test equipment, 
which includes TV Studio Instruments. He or she would also be 
responsible for the day -to -day running of the service operation in 
Dublin. 

Applicants should have a good basic knowledge of electronics 
together with experience of fault finding, down to component level. 

Academic qualifications are preferred but not essential ás 
extensive product training will be provided. 

We offer an excellent salary plus first -class benefits including a 

non -contributory life assurance pension plan and a company profit 
sharing scheme. 

For more details write or phone Robin Woods, Tektronix, John F. 
Kennedy Road, Dublin 12. Tel: Dublin 508132. 

(7497) 

Tektronix TELEQUIPMENT 

COMPUTER 
SERVICE ENGINEER 
for London East , Midlands and Manchester Areas 

We are the U.K. subsidiary of the German -owned 
international chemical group and our EDP Division. requires 
additional Computer Service Engineers. 

We market a comprehensive range of tape and disc drive 
peripheral equipment for attachment to IBM 360 -370 
computer systems. 

Applicants should have had at least two years' experience 
with a large computer manufacturer, and should be self - 
motivated and dynamic. 
We offer attractive salaries and there are good opportunities 
for career development. A Company car will be provided. 

For further information and /or application form please 

write or telephone: 
The Personnel Department BASF United Kingdom Limited 
P.O. Box 4 Earl Road Cheadle Hulme Cheshire SK8 6QG 

061 -485 -6222 

BASF or telephone Bob Hogarth, 
Service Engineering Manager, 
on 01- 637 -8971 (7545) 

RADIO - TELEPHONE ENGINEERS 
Experienced in V.H.F. mobile 
equipment, Top salaries for top 
ability. We are a young, progres- 
sive company currently the busiest, 
and fastest expanding radio -tele- 
phone firm in London. Ring Lon- 
don Communications on 01-328 5344 
ask for Mike Rawlings or Bill 
Clarke. (7356 

ARTICLES FOR SALE 

3,000 101/211 X 1/2" 

MAGNETIC TAPES 
Used once only. All boxed 
Pristine condition. All offers 
considered. 

021 -327 2339 
17465 

WE INVITE ENQUIRIES from any- 
where in the world. We have in 
stock several million carbon resis- 
tors . }, t, and 1 watt, 3 million 

Wound ound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - 3 million 
transistors and diodes, thousands 
of potentiometers, and hosts of 
other components. Write, phone or 
call at our warehouse. - Broad - 

fields and Mayco D sposals Ltd., 
21 Lodge Lane, North Finchley 
London, N.12. 01 -445 0749, 445 2713. 

(5907) 

VHF MONITOR RECEIVERS, air, 
marine or business radio bands, 
all- crystal controlled, 150 to £200. 
Send 15p FO, not stamps. Radio 
Communications Ltd.. St Sampsons, 
Guernsey, C.I. (7434 
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ARTICLES FOR SALE 

EXCLUSIVE OFFER 

HIGHEST QUALITY 19'r 
RACK MOUNTING CABINETS 

Over 60 types ova cable Iron 12" to 90" high 
Also twins. triples A consoles Below are only a few 
types 
Ref 

Please send for lull list 
Ht" Width" Depth" Pries 

PE 10 21 13 E10.00 
LL10 54 21 18 E20.00 
TT 64 25 26 E45.00 
SL 71 25 26 E50.00 
PT 72 20 21 £20.00 
TL 75 22 21 E20.00 
ST 85 22 24 E70.00 
Racal cabinets for RA -1 7 11 7 E30.00 

AUDIO AND INSTRUMENTATION- 
TAPE RECORDER-REPRODUCERS 

e Plessey 1D33 Digital UnOs. 7 track '2 
f Plessey M5500 Digital Unit. 7 tracks '2 

Ampex FR. I 1 W. 6 speeds. stereo '4" 
Ampex FR600. 4 speeds, 7 tracks 4" 
D.R.I. RM1. 4 speeds. 4 tracks'!' 
EMI TR90 2 speeds, I track's' 
EMI BTRI. I speed. I track' -,' 
EMI R301G, 2 speeds, 2 tracks'e 
EMI RE321 14 ". 7'2" 1 track 
Mincom CMP-l00, 6 speeds. 7 tracks' 4,'a, I" 
Leevers Rich DA.2P. 2 speeds. 2 tracks 1'4" 
Leevers Rich Console 2 track 44 ", 2 speeds 

Prices of above £70 to £500 
Also Iransport Decks only available 

We have a large quantity of "bas and pieces" we 
cannot list - please send us your requirements, we 
can probably help - all enquiries answered. 

All our aerial equipment is 
professional MOD quality 

IBM Gullball Typewriters ....... E70.00 
Rohde & Schwarz fibreglass HA Diversity Dipoles 

... E120.00 
I un pump power supply 
Zodiac Walkietalkies (pair) 
5E4/ 2B CRTs 

£44.00 
C72.00 
£10.00 

SE5'2ACRTs £10.00 
e 3AZP'2(DMN.9r11)CRTs .......... E18.00 

E.M.I. Document CCTV Outfit E250.00 
Advance 3KVA CV Transformers .. - E150.00 
Grainger HF Log Aperiodic Aerial P.U.R. 
Metal Operators Tables 30 x 36 x 30" 
Lambda 36v 25A Reg Power Supplies ... 

* Gloster Digimasters 
Davian Logic Testers 
General Radio Strobotacs 
Data Efficiency Respooler. 240v . 

* Belling Lee 100 Amp Interference Filters 678.00 
Avmec 201 Sig. Gen. 30 KC3r30 MCS 070.00 
Valradio Invertors 12V DC '240V AC 500W E42.00 

'f Oscilloscopes Gen. purpose 3 05.00 
Alrmec 702 Sig. Gen. 30: 300KCS E75.00 
R -216 Power Supply Units E15.00 
loft Lightweight Mast sections. 6" sides E14.00 
Oscilloscope Trolleys from 012.00 
I.B.M. Video Display Units 4 col .... £48.00 
3AZP'31 CRTs C18.00 

f Venner 5336 Counters .... .... . £40.00 
Autophon VHF Receivers 20 12Omcs E140.00 
Solartran CD 524 Oscilloscopes C90.00 
Marconi TF2331 Distortion Meters £160.00 

f AVO VT Voltmeters CT -471A £75.00 
e Racal MA197B PreSeleclors £65.00 
* Marconi TF -888 Receiver Testers £60.00 

Collins 500 watt 2,18 mcs. Transmitters E1000.00 
Collins KWT6 SSB 500w Transceivers E1250.00 
Collins KWT6 200 m: w AM Transceivers E750.00 
STC Rx52,25 mcs Receivers Diversity .... £140.00 
Rack Mounting Operator Tables E10.00 
Gaumont Kalee 564 Flutter Meters E75.00 
Hewlett Packard 6180 Sig. Gen. 3.M 7.2 (a Hz E120.00 

* Rohn 95ft masts lattice 12" sides P.U.R. 
30ft Lattice Masts. 14" sides E55.00 
15ft Lattice Mast sections. 12" sides E35.00 
120ft Lattice Masts. 15" sides P.U.R. 
75,90ft Sky Towers. self-supporting E475.00 
Heavy Aerial Rotators P.U.R. 
Elliot Recording M 'A Meters 075.00 
75ft Aluminium Lattice Masts. 20 sides £400.00 
Plessey peak distortion meters E35.00 

f Polarad Microwave power meters £55.00 
e Rohde & Schwarz SBR mg gen. I.8 2.4 gnu- E470.00 
* large Aerial Turning Units . P.U.R. 
It 45 feet Uniradio 4 Co -ax 50 ohms ....... E2.00 

Salons Professional Exterior 600'75 ohms £6.00 
Add, 5, 8 Track Tape Punches £48.00 
Quality Weather Vanes K contacts (unused) £25.00 
Racal MA -175I.S.B. Modulators (new) £45.00 

* Imslidr Cabinet Shelf Sliders £3.00 
Lally 5.8 Track Tape Readers 60 cps E48.00 
Tall5 K Track Tape Readers l' rack Spooling C65.00 

e c'.rwkell Fll 4 Rand Pass Filter Testers . E60.00 

4.00 
C45.00 
£90.00 
£20.00 
E30.00 
£28.00 

We have a quanuty of Power Transformers 2511 

wants ta ISKA at voltages up to 40KV- Best 
quality at low prices lists available. 

Racal RA -USSR Adaptors, new E70.00 
f Racal RA 237 LW Converters, new E70.00 
At Racal RA 29K L B Transistorised Converters 

(newt .. .. _. £120.00 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request. 

PLEASE ADD CARRIAGE AND 
V.A.T. 

P. HARRIS 
O R G A N F O R D 

D O R S E T 
BH16 6BR 

BOURNEMOUTH(0202)765051 
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i 

SURPLUS ELECTRON TUBE SALE 
The FIJI DEPARTMENT OF CIVIL AVIATION has in stock, surplus 
brand new electron tubes and spare parts for STC Model CX4, CX7 
transmitters which it wishes to dispose of by sale. Included are over 
120 tubes Type 3J -160E. 

Persons interested please write to the. 
Airport Manager, Department of Civil Aviation 

NADI AIRPORT, FIJI 
for further information 

11521) 

IBM Golfball Writers 
/35 Correspondence Version £175 
735 BCD Version E130 
731 BCD (81/2" Writing Line) E110 
131 Correspondence Version £135 
VAT Extra. Carriage & Packing E 1 2 

HIGH PERFORMANCE 
POWER SUPPLY KIT 

ZERO - 30v 
5mA - 1 5A current limit 

O/P resistance Imi) (at board 0 /P1 
Noise /ripple-. lmV Very sharp current 

limit 
Ideal lab standard PSU 
Generally idiot proof 

Kit of parts (F /G PCB tinned, transformer 
contlols, wire all components) 

£11 +8% VAT Schools and Colleges 
E10 +8 %. 

P &P 70p Built Si Tested E1.50 extra 
G.E. Tape Readers PTR 661A 

8 channel optical Asynchronous max 
stepping speed 150c p s 

£25 +8% P &P E1 20 

Transformers 
12v 10A E5 (90p), 24v 10A E61£11, 9v 
3A £1.60 (60p). 20v 1A toroid 3" dia. x 

1" £2.25 (30p), 12v 100mA 60p (20p). 
6 -0 -6v 250 mA £1.10.(20p). 6v 500Ma 
E1.10 (20p1 19v 1.5A E1.40 (35p). 
18v 2.5A £2.25 (35p) 

t Electrolytic' 
4700.. 40v 60p 115p), 2200- 63v 40p 
(15p), 15,000, 40v £1 (25p). 10.000, 
100v £2.20 (50p). 100, 63 axial 30p. 

Paper Caps 
1.25, 360v AC 60p, 2 51, 800v RMS 
80p (25p), 10600v Ideal for electronic 
ignition 65p (15p) 

Various 
Papst fans ex eqpt 41/2 x 4'h x 2m 100 
C F M E3.50 (65p) 
Humidity switches adjustable 80p (15p) 
Relay mains coil 11 -pin 3p c/o no 
eqpt 75p (15p) 
Relay 12v coil 8 -pin octal £1 (15p) 
Relay 24v 8 -pin octal .. E1 (15p) 
Relay Mains coil 3p c/o 11 pin 

£0.80 It Sp) 

t MPU t 31 Programmable 
unylinction 25p (10p) 
115v fans chassis. 2 for £2.50 160p) 
Bead Thermistors N T C 
Res at 20 C 250R 1K2 2K 20K 220K 
1m4 60p (I Opt 
Mains latching relays 80p (20p) 

Bulk Items carriage EXTRA 
PTFE Eqpt wire 7,0 2m m 
Yellow £30 1000m 
PTFE SINGLE SCREENED WHITE Ideal for 
thermistor probes £80 /1000 yds 
lA reed inserts TXE'4 type E15' 1000 
PVC eqpt wire 63/0 2mm All colours 

£30/E45'1000n, 
P &P shown in brackets non order E2 
Add 12 Va % VAT to items marked t 

Others 8",,- 

KEYTRONICS 
332 LEY STREET, ILFORD. ESSEX 

Shop open Mon -Sat. 9 30.2 p nt 
Telephone 553 1863 17496] 

AY -5 -1230 Clock Timer. This is a 
24 -hour electronic 4 digit clock, 
drives 7 segment fluorescent dis- 
plays. programmable switch on and 
switch off times. Repeating or non - 

repeating operation. Foolproof 
switch on /off setting, if switch oft 
time not programmed output stays 
on for 10 minutes only. Switching 
may be repeated every 24 hours 
or operate just once as selected. 
The clock is constructed on one 
printed circuit board. Cased in a 

' grey and white verobox. The timer 
is £25.78p plus £1.75p pp. Payment 
made to CITRONICS, 36 Coles Rd, 
Milton. Cambridge. Send sae for 
more information. 17548 

i 

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 and Teletext, Newsfiash. 
Update, and many special features 
not found in 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 £1. 
CROSS HATCH KIT, UHF Aerial 
input type, also gives peak white 
and black levels, Battery 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' 
p/p 95p. Cross Hatch Unit, corn - 

plete and tested in De Luxe case 
£18.000 p/p £1. 
" 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 IF 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 Panel plus yoke, blue 
lateral /3.60 p/p 90p. Philips 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 Coils £2.50 p/p 90p. Delay: 
Lines: DL20 £3.50, DL40 £1.50. 
DL1E. 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 E4.80, Philips VHF £3.80. 
Salvaged UHF & VHF Varicaps 
£1.50 p/p 35p. SPECIAL OFFERS: 
s Psn Varicap Control Unit El, 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. cet. 50p p/p 70p. 
VHF Turret Tuners AT 7650 for KB 
Featherlight, Philips 19TG170, GEC 
2010 etc. £2.50. Fireball Tuners, 
Ferguson. HMV, Marconi 80p. p/p 
all tuners 80p. Mullard Mono Scan 
Coils for Philips, Stella. Pye. Ekcu, 
Ferranti, Invicta £2.00 p/p 85p. 
Large selection LOPTs, FOPTs 
available for most popular makes 
MANOR SUPPLIES. 172 WEST END 
LANE, LONDON. N.W.6. Shop 
Premises. Callers welcome. Thou- 
sands of additional items available 
not normally advertised. (Nos- 28, 
159 Buses or West Hampstead - 
Bakerlotl Line and British Rail). 
Mail Order: 64 Golders Manor 
Drive. London. N.W.11, Tel: 01 
794 8751. V.A.T. Please ADD 121-' 
TO ALL PRICES (EXCEPT WHERE 
MARKED' V.A.T. 87) i60 

PDP 81 Minicomputer 4K memory with ASR 33 £1085.00 +VAT' 

PDP 8 Minicomputer 4K memory with ASR 33 E975.00+VAT* 

Both the above machines in first -class working order complete with software and 
handbooks. Other equipment available. 

Phone Tony Leggett on 0704 67375 for latest list, or write to Nortek Systems, 
Bank Chambers, 8 Liverpool Road, Southport, Merseyside PR8 4AX. 

Callers welcome but please phone for appointment. 

(-Plus carriage at cost) (7549) 

RECHARGEABLE BATTERIES 

IS 91 ..i . -t -I ,iiargei 0499 
C,irg..i 

hoick., 
5p 

e 

n ells350 C 

tL D size hoid . blip Rves inciurt,. 
VAT Ad 10" poli perFaye end orders 

nlw 21) S -. uvvr 1 20 SAE to, Ciii details plus 
Irr Ni, kt-i C.,iliii.um Power booklet 
orders to SANDWELL PLANT LTD., 201 

Monmouth Drive, Sutton Goldfield, Went 
Midlands. TEL: 021 -354 9764. 

to T.L.C., 32 Craven Street, Charing 
Cross, London, W.C.2. 7391 

LAB CLEARANCE: Signal Genera- 
tors; Bridges; Waveform, transistor 
analysers; calibrators; standards; 
millivoltmeters; dynamometers; 
KW meters; oscilloscopes; record- 
ers; Thermal, sweep, low distor- 
tion, true RMS. audio, FR, 
deviation; Marconi, Wayne -Kerr. 
R & S, B & K, G.R., BPL. Plug -ins. 
refrigeration equipment, etc. Tel: 
040-376236. (7557 

CATCH 1000 fish per hour in fresh 
water with famous MK 12 Electro 
Fisher. Free brochure. Price £330 
carr. £15. Marine Electrics Ltd., 
Killybegs Donegal, Ireland, (7544 

COSSOR 4000 scope 50mhz as new, 
£350. Racal 9839 500mhz frequency 
meter £250 ono. - Hallen Engin- 
eering, Wednesbury. 021-556 3324. 

(7515 

LINSLEY HOOD 75 watt amplifiers 
constructed and repaired. Brand 
new, guaranteed spares by return. 
BDY56 £1.85, BD529 55p, BD530 
55p, BF258 40p, BFR39 30p, BFR79 
30p. Fully built and tested power 
amp modules £13.50 each (does 
not include output transistors). In- 
terference suppression kit £1.45, 
power amp update kit £9.20. In- 
clusive prices. Post and packing 
free. SAE for price list and de- 
tails of kits- I. G Bowman, 59 
Fowey Avenue- Torquay, S. Devon. 

(7558 

AUDIO CASSETTES C60 55p, C90 
75p, supplied with plastic case and 
index, C.W.O. - C. Tinklin, 15 
Southend Road, W.S.M. Avon BS23 
4JY, (7560 

ROTARY HIGH VACUUM PUMPS 
for tube re- building. Recondition- 
ed to manufacturers operating 
specification and guaranteed. De- 
tails from Vacutech Ltd., 3A Fair- 
field Avenue, Horley, RH6 7PB. 
Phone Horley (02934) 6008. (7562 

BPO COMPONENTS ex- stock, incl 
large stock of miniature lever keys 
and multiway flexible cable. TWC 
Ltd. 147 The Broadway, London, 
NW9 7EA. Tel: 01-203 2814. (7360 

TIRRO ELECTRONICS the mail 
order division of Ritro Electronics 
UK offer a wide range of compon- 
ents for the amateur enthusiast. 
Large SAE or 20p brings list. - 
Grenfell Place. Maidenhead, Berks. 
SL6 1HL. (7517 

SOLAR CELLS: Booklet 75p, Data 
sheets 20p. SAE New prices. - Ed- 
encombe Limited, 16 Princes Aven- 
ue. London NW9 9JB. (7511 

THE TTL DATA 
BOOK FOR 

DESIGN 
ENGINEERS 

By Texas Instruments 
PRICE: £5.50 

RADIO, TV & AUDIO TECH- 
NICAL REFERENCE BOOK 
by S W Antos Price £24.70. 
MICROPROCESSOR / 
MICROPROGRAMMING 
HANDBOOK by B. Ward. 
Price £4.00. 
WORLD RADIO TV HAND- 
BOOK. J M Frost Price 
£ 5.50. 
BUILD YOUR OWN WORK- 
ING ROBOT by D. L. Heiser- 
man Price £3.70. 
THE RADIO AMATEUR'S 
HANDBOOK 1977 by 
A R R L Price £6.60. 
THE MEMORY & MICRO- 
PROCESSOR DATA BOOK 
FOR DESIGN ENGINEERS 
by Texas Price £3.40. 
TOWERS' INTERNATION- 
AL TRANSISTOR SELEC- 
TOR by T D. Towers 1977. 
Price £5.00. 
SOUND RECORDING 
PRACTICE by Borowick, J. 
Price £16.60. 

*Prices include postage 11r 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 
19 -21 PRAED STREET 

LONDON W2 1NP 
Phone 723 4 185 
Closed Sat 1 p m 

QUARTZ CRYSTAL 
UNITS from 

I O -100 rat 
FAST DELIVERY 

H 6H STAMM 
T OFF WTI -A 

EL HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT 1 

McKNIGHT 
CRYSTAL Co. Ltd. 
966511f INDUSTRIAL 

ESTATE. HYTHE. 

SOUTHAMPTON 556 6Z7 

(6044) 

HIGH PERFORMANCE 
AUDIO MODULES 

MIC. PRE -AMPS 
MAGNETIC PRE -AMPS 
CHANNEL MODULES 
TONE CONTROLS 
MIC TRANSFORMER 
POWER SUPPLIES 
roll details 

£8 00 
£7 50 

£38 00 
E7 00 
£5 50 

£1200 

p*7gu¢oive £leettdAeie iodscct 
593 HIGH RD., LEYTON, E.10 

;01) 558 0678 

www.americanradiohistory.com

www.americanradiohistory.com


1 

Classified 142 

ARTICLES FOR SALE 

Private enquiries send 13p in stamps tor brochure 

HE QUARTZ CRYSTAL CO. LTD. 
(2.( ('. wL)RI\ti, \t'FI.LItit;Tt)N ('RFtiC'F NT 

NFN MAI .UF.N.tiI RRF.y' 01-9420.134 & 2998 

SOWTER TRANSFORMERS 
FOR SOUND RECORDING AND 

REPRODUCING EQUIPMENT 
We are suppliers to many well -known companies 
studios and broadcasting authorities and re 

established m 1941 Early deliveries. Competence 
Prices Large or small quantities. Let us quote 

SOWTER TYPE 3576 
A recent release 

MULTITAP MICROPHONE TRANSFORMER 
Primary windings for 600 ohm. 200 ohm and 60 
ohm with Secondary loadings from 2K ohm to 10 K 

ohm Frequency response plusrminus ihdB 20 Hr 
to 25 KHz. Contained in well finished Mumetal bon 
33mm diameter by 22mm high, with colour coded 
and leads. low distortion. DELIVERY (small 
quantities) EX- STOCK. HIGHLY COMPETITIVE 
PRICE FULL DETAILS ON REQUEST 

E. A. SOWTER LTD. 
Transformer Manufacturers and Designers 

7 Dedham Race, Fore Street 
Ipswich 1P4 1JP. Tel. 0473 52794 

Ar 
(t9 

CUSTOM BUILD 
ELECTRONICS and 
POWER SUPPLIES 

Call: Luton (0582) 
41 5832 /3 

Cliffpaini Lid. 
(7426) 

MAGNETIC MICROPHONE 
SPEAKERS 

4T lateens, ideal loi all sound speaking and 
listening applications. Very rugged DC res 20 
ohms. 
SW: 1 K" dia. Ys" deep. 
40p ea. o 10p P &P. 
6 for E2.20 t 20p P &P. 
12 for E4.50. P &P free. 
S.A.E for list. Many other items. Trade enquiries 
we come. 

B.B. SUPPLIES, 141 ShMmdrnd Stress 
Ne. CANTERBURY, Rent CT4 702 

(8792) 

ENAMELLED COPPER WIRE 
s.w.g. 1Ib reel 1/2/6 reel 
10 to 19 £2.95 £1.60 
20 to 29. £3.15 £1.80 
30 to 34. £3.45 £1.90 
35 to 40 63.65 £2.10 

All the above prices are inclusive of postage 
and packing In, UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 
Telephone 061-445 8753 1.0 

l 

Best choice for used TV 
Worldwide exporters of colour and 

mono TV. Unlimited supplies. 

Midland TV Trade b Retail Services. 
Worcester Road. Kidderminster. England 

Tel: Kidderminster 61907 or 67390. 

TV TUBE REBUILDING PLANT. 
Western -Whybrow Engineering have 
designed, manufactured, and in- 
stalled complete TV tube rebuilding 
plant to eight large TV rental firms 
in 1977. Although demand is great, 
orders are now being accepted for 
delivery winter 1977/78. If you can 
afford the best contact Western - 
Whybrow Engineering, Praa Sands 
Cross, Penzance (073 676 2265). 

WOW AND FLUTTER METER Rank 
Kalee type 1740, similar. to latest 
model, calibrated and in good 
working order, £150 plus VAT. - 
Burgess Lane & Co Ltd., Thornton 
Works, Thornton Avenue, London 
W4. 01 -994 5752 & 5953. (7520 

MULTICORE CABLES 
9 core 14/0076 £25 per 100 metres 

18 core 14/0076 £45 per 100 metres 

24 core 7/0076 £32 per 100 metres 

25 core 7/0076 £35 per 100 metres 

33 core 14/0076 £80 per 100 metres 

68 core 7/0076 £140 per 100 metres 

ORDERS BETWEEN 50 -100 metres 
ADD 10% 

ORDERS BETWEEN 10 -50 metres ADD 20 °,0 

ALL ORDERS & 8% VAT & P &P 2p PER 

METRE 

ELECTRONIC EQUIPMENT CO. LTD. 
SPRINGFIELD HOUSE. TYSSEN ST. 

LONDON E.8. TEL: 01 -249 5217 
175271 

INVERTERS 
To operate mains equipment from 12v 

to 24v DC on automatic stand -by 

Sine wave. Square wave. Self driven or 
Frequency controlled. Suitable for main- 
taining mains supply during power failure. 
running-equipment where the mainssss not 
available. or insulation from the mains 
Controlled battery charging incorpora- 
ted. MAINS -STORE 

Send for information to 
Interport Mains-Store Ltd. 

30 Old Bond Street, London WI 
Tel: 01 -727 7042 or 0225 310916 

7Fú61 

MULLARD COMPUTER 

GRADE ELECTROLYTICS 

071 /072/432 series. Approx. 
50,000 pieces. Your offer to 
clear. 

021 -327 2339 

TELETEXT. Wireless World Cat- 
conics decoder with keyboard 
entry, lower case, power supply, 
unfinished Project. £90 ono, - Har- 
low 32293. (7514 

FREQUENCY COUNTER by Yaesu. 
20mhz, 75in readouts. Very little 
used £35 plus p &p. - Teleradio, 
325 Fore Street. Edmonton. London 
N9. (7518 

ONE 30FT 1KW vertical aerial £95, 
144 MHz base station aerials £25.80 
inclusive carriage (England). Lin - 
tec Antennas Ltd. Guildford Park 
Road, Guildford, Surrey. Guildford 
39636. ._ (7529 

MAGNETIC HEADS (USA) l-TRK. 
Stereo (kin.) R -R. 100 mH, £3 EA; 
New 3M Flutter meter £75; PRO. 
Recorder Project. - Offers. (7528 

TEXTRONIX 524 AD oscilloscope 
with trolley and handbook. Very 
good condition. Delivery arranged. 
Details from:- Baxter (Hull) 0482 
696203. (7534 

60KHz NSF Rugby Receiver. BCD 
TIME OF DAY OUTPUT. High per- 
formance, phase locked loop radio 
receiver. 5V operation with 1 

second LED indication. Kit corn - 
olete with tuned ferrite rod aerial 
£14.08 (including 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 post . air or sea mail. 2,700 types 
in stock, 1930 to 1976. Obsolete 
types a speciality. List 20-p. 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 
Watering 2023 (STD Code 024366). 

(5392 
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COURSES 

Special Courses 
The following specialist evening courses will 
be available at the Polytechnic from October. 
Radar Engineering, Synthesis of Sequential 
Digital Systems and Television Broadcasting. 
A number of Pt. III City and Guilds evening 
courses (271 and 272) will also be running. 

Please write to the Department of Electronic 
and Communications Engineering, Holloway 
Road, London N7 8DB, for details and 
application form. 

The Polytechnic 
of North London 

17532 

COUNTY OF SOUTH GLAMORGAN 

CAREERS AT SEA 
Boys and Girls required with C.S.E. 1 or '0" levels (A, B or C) 

preferably in Mathematics, English and Physics. Full -time 
courses leading to Radio, Radar and Electronics Officer 
qualifications and a worthwhile, well paid and interesting 
career. (Deck and Engineer Officer courses also available). 

Enquire now if you have obtained the above or will be sitting 
your examinations in the next year. South Glamorgan 
Institute of Higher Education, School of Maritime Studies 
(Wales), Western Avenue, CARDIFF CF5 2YB. Telephone: 
0222 -561 241 

(75071 

ARTICLES FOR SALE 

ELECTRONIC INSTRUMENTATION. 
If you are interested in the buying 
or selling of good quality used 
Electronic Test Instruments, ring 
Reading 51074, Martin Associates 
and converse with our Sheila 
Hatch who will deal promptly 
with your enquiry. (6578 

COLLECTORS ITEMS! Dynatron 
" Merlin " console Radio (1947). 
Multi -Band, variable selectivity - 
working order - £55. " Teesdale " 
3- speaker console by Wharfedale 
£35. - Pegge. 32 Germain Street. 
Chesham. (7540 

TELEPHONE ANSWERING Machines 
for Sale. New £120. Answers and 
Records. Plus 2 -way Conversations 
and Dictation. Free Accessories and 
guaranteed 1 year. Callsaver. 
C.R.V. Electronics Ltd., 01 -249 0410. 
01 -580 1800. 30 Goodge Street. Lon - 
don, W.I. (7096 

AERIAL MASTS, 32 FOOT, complete 
with guidelines, insulators. fixings. 

etc £20 each. - Marconi TF144G 
RF signal generator, two Marconi 
TF958 valve voltmeters - Westa- 
lite variable d.c. power supply - 
AVO Model 3 valve tester - FM 
deviation meter - beat frequency 
oscillator. All equipment in ex- 
cellent condition. For further de- 
tails ring Martin Keefer on 01 -866 
0181 (day) 01 -422 2177 (evenings). 

(7542 

TV TUBE REBUILDING IS EASY - given the right plant and train- 
ing. Western -Whybrow Engineering 
manufacture all items of plant and 
equipment and can supply a com- 
plete installation. Design is backed 
by twenty years experience of tube 
rebuilding (seven years of colour). 
and extensive USA experience. If 
you can afford the best contact 
Western -Whybrow Engineerine, 
Praa Sands Cross. Penzance. (073- 
676 2265). (6842 

RADIO and Radar M.P.T. and 
C.G.L.I Courses Write: Principal, 
Nautical College, Fleetwood, FY7 
8JZ 125 

RADIO AMATEURS EXAMINATION 
'CITY & GUILDS. Pass the impor- 
tant Examination and obtain your 
GS licence with an RRC Home -study 
course. For details of this and other 
courses (GCE, professional exam- 
inations etc), write or phone: The 
Rapid Results College, Dept: JWI, 
Tuition House, London SW19 4DS. 
Careers Advisory Service, 01 -947 
7272 or ring 01.946 1102 for prospec- 
tus only (24hr. answering service). 

(7530 

ARTICLES FOR SALE 

Over half a million 
potentiometers 

Volume controls 
wirewounds, pre -sets 

convergence, etc. 
£2,500 the lot 
021 -327 2339 

100 WATT guitar /pa /music ampli- 
fier, superb treble bass, overdrive, 
slimline, solid state. 12 months 
guarantee unbeatable offer at £39: 
money returned if not absolutely 
delighted within 7 days. send 
cheque or PO to Williamson Am- 
plification. 62 Thorncliffe Avenue, 
Dukinfield. Cheshire. (7541 

200.000 MULLARD C280 & 281 cap- 
acitors for sale. values from Oluf 
to above Inf, 250V /W. Price per 
mixed pack 100 /£1.50, 500 /£7.00 
P &P 30p (export 50p). Electronic 
Mailorder Ltd. Ramsbottom. Bury, 
Lancs. (7512 
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ARTICLES WANTED 

WANTED 
for immediate cash 

ALL MAKES OF 
OLD RADIOS AND 
GRAMOPHONES 
PRIOR TO 1940 

Offers with details and photos (re- 
turned) to: 

Wallfass P 0 Box 1244 
D -4050 Moenchengladbach 

'SJ (unary 

WANTED: TEST AND 
COMMUNICATION 

EQUIPMENT 
single items or quan- 
tities, also HF plugs, 
sockets and connectors. 

Call or phone. 
170 Goldhawj Road, London. W.12 

01 -743 0899 (7006) 

WE PURCHASE ALL FORMS 
OF ELECTRONIC 
EQUIPMENT AND 

COMPONENTS. ETC. 
SPOT CASH 

CHILTMEAD LTD. 
7, 9, 11 Arthur Road 

Reading, Berks. 
Tel. (0734) 582 605 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to R. T. & I. Electronics 
Ltd., Ashville Old Hall, Ashville 
Rd._ London, E.11. Ley 4986. (63 

WE BUY new valves, transistors 
and clean new components large 
or small quantities, all details, 
quotations by return. - Walton's, 
55 Worcester St. Wolverhampton. 

(62 

WILL BUY ANYTHING, any quan- 
tity if price is right, Ring Stan 
Willetts, West Bromwich. 021 -553 
0166. (6515 

RECEIVERS AND AMPLIFIERS 
SIGNAL Generators Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters Multi - range 
Meter, etc., etc., in stock. R. T. 
& I. Electronics Ltd, Ashville Old 
Hall, Ashville Rd., London E.11. 
Ley 4986. (64 

HRO RxSs, etc. AR88, CR100, 
BRT400 G209. S640, etc., etc. in 
stock. R. T. & I. Electronics, Ltd. 
Ashville Old Hall, Ashville Rd.. 
London, Ell. Ley 4986. (65 

BUSINESS OPPORTUNITIES, 

TO ALL PRODUCERS 
of Hi -Fì equipment, completes 

mpuur:rus who are developii-.i: 
tedunques and are looking for a dis tabu tioii 
outlet in SWITZERLAND and possibly 
WESTERN GERMANY. 
WE CAN OFFER 
our experience in this field to help you ll.. 
your products strategically on Hie lucrat,., 
Swiss and German market Or :: y,,,:, i 

oryanrsauon is endeavoured to enablo , 

optimurn clistnbuturn with niaxrr, 
returns 
Interested manufacturers al tiny tip TONAG, 
Hi- Fi- Produkte, Schmelz-bergstrasse 
51, CH -8044 Zürich, Schweiz. Telex 
tonag impet ch 58378. 

FINANCE FOR 
ELECTRONICS 

£10- 100,000 available to young 
Engineers with bright ideas for a 

business venture. 

Write in confidence to Box No. 
WW- .7433. 

(7433) 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For lastest, hest CASH offer, phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3221 

MINICOMPUTERS 
PERIPHERALS 
INSTRUMENTATION 

For fastest, better CASH offer 
Phone: 

CHILTMEAD LTD. 
Reading (0734) 586419 

Wanted: Test Equipment, RF 
power transistors, and compon- 
ents of VHF /UHF type. 
Immediate cash available. 
Wanted Philips E10 -12 scope tube 

Modular Electronics 
95 High Street. Selsey 

Chichester, Sussex P020 OQL 
Tel 024 -361 291 6 

7321 

ALL SURPLUS or used equipment 
wanted. Radio telephones - com- 
plete systems purchased. Ships 
equipment and small boat radios - components, partly assembled 
chassis, etc etc. Established 20 
years. For prompt attention contact 
Mr Grout at Worthing 34897. GWM 
Radio Limited, 40/42 Portland Road, 
Worthing, Sussex (7307 

TURN YOUR SUPLUS Capacitors, 
transistors, etc., into cash. Contact 
COLES -HARDING & Co. 103 South 
Brink, Wisbech, Cambs, 0945 -4188. 
Immediate settlement. We also wel- 
come the opportunity to quote for 
complete factory clearance. (7439 

STORAGE SPACE is expensive, why 
store redundant and obsolete 
equipment? For fast and efficient 
clearance of all test gear, power 
supplies, PC boards, components, 
etc. regardless of condition or 
quantity call 01-771 9413. (7414 

STORAGE SPACE is expensive, why 
store redundant and obsolete equip- 
ment? For fast and efficient clear- 
ance of all test gear, power sup- 
plies, PC boards, components, etc. 
regardless of condition or quantity 
call 01 -771 9413, (7414 

PLATINUM, GOLD, SILVER, etc etc 
etc. Top London prices. - Doug 
Holden, Shore Road, Perth. Tel 
24137 or 24544. (7519 

ELECTROMAGNETS or permanent 
magnets capable of high fields, for 
research purposes - Dr V. Tim - 
brell, MRC Pneumoconiosis Unit, 
Llandough Hospital, Penarth CF6 
IXW. - Tel. 0222 708761, (7513 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N 12 8JG 

Telephone: 
01 -445 2713 

01 -445 0749 01 -958 7624 

MAY WE ASSIST YOU TO 
DISPOSE OF YOUR SURPLUS 
AND REDUNDANT STOCKS. 

We will call anywhere in thr 
British Isles, and pay SPOT CASH 
for Electronic Components and 
Equipment. 

143 Classified 
CAPACITY AVAILABLE 

ENAMELLED COPPER WIRE 
swg 1 lb. 4oz. 2oz. 

14 -19 2.40 .69 .50 
20 -29 2.45 .82 .59 
30 -34 2.60 .89 .64 
35 -40 2.85 1.04 .75 

inclusive of p&p and VAI 
SAE brings Catalogue of copper and 

resistance wires in all coverings 
THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London E4 9BW (7347) 

ELECTRONIC ASSEMBLY 
AND WIRING 

CAPACITY AVAILABLE 
M.O.D. approved 

J.N. Electronic Supplies 
Osiers Road, London, SW18 

Tel. 01 -874 6162 

BATCH Production Wiring and As- 
sembly to sample or drawings. 
McDeane Electricals. 19B Station 
Parade, Ealing Common, London, 
W.5. Tel: 01 -992 9876, (7531 

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 1147. 

(7158 

PRINTED CIRCUITS. Small batch 
wiring, electrical testing, minicom- 
puters undertaken by Wandtronics 
Ltd. Skilled ex Philips workers. 
Phone or write for details: Wands- 
worth Borough Council EDO, 01- 
874 6464 ex 6475. (7488 

PCB ASSEMBLY DESIGN capacity 
immediately available. Competitive 
prices. Glentronics, 34 Glenister 
Road. Chesham, Bucks, Tel 6005 for 
quote. (7491 

CAPACITY 
AVAILABLE 
ELECTRONIC 
ASSEMBLIES 
LARGE 
VOLUME 
FACILITIES 

E.E.E. LTD 
DIV. J. QUEENS 
GALASHIELS, SCOTLAND 
Tel. (0896) 4884 Telex 727139 

(7546 

SMALL BATCH PRODUCTION 
wiring, assembly to sample or 
drawings. Specialists in printed 
circuit assembly. Rock Electronics, 
41 Silver Street, Stansted, Essex. 
Tel. Stansted (0279) 33018/814006. 

(19 

PRINTED CIRCUIT artwork design/ 
layout, competitive prices, quota- 
tions on request. Facilities for 
photography and batch production 
of P.C.B. assembly to sample or 
drawings. Lintek Electronics, 93 
King Street, Maidstone, Kent. Tel. 
0622 43337. (7516 

PRINTED CIRCUIT BOARDS -- 
Quick deliveries, competitive 
prices quotations on request, 
roller [innings, drilling. etc., speci- 
ality small batches, larger 
quantities available. Jamieson 
Automatics Ltd., 1.5 Westgate Brid- 
lington. N. Humberside, for the 
attention of Mr. J. Harrison. Tel. 
(0262) 74738/77877. (18 

SERVICE S 

EURO CIRCUITS 
Printed Circuit Boards - 1%laster 
laloul5 - Phntuy:r phi - Legend 
printing - Roller tinning - Gold 
plating - Flexibly film. - Convent inn- 
,d fihr,- glass - Ni, order tiro large irr tun 
.mall - Fast turnruund nn prototypes 
All or part service available NOW ... 

EURO CIRCUITS TO. 
Hightield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

LABELS, NAMEPLATES, FASCIAS 
on aluminium or plastic, Speedy 
delivery G.S.M. Graphic Arts 
Ltd., 1.5 Rectory Lane, Guis - 
borough (02873. 4443), Yorks, U.K. 

(5305) 

FOR 

CLASSIFIED 

ADVERTISING 

RING 

EDDIE FARRELL 

ON 

01 -261 8508 

BOOKS 

THE DALESFORD SPEAKER BOOK 
BY R. F. C. STEPHENS 

This book is a must for the keen home 
constructor Latest technology DIY speaker 
designs. Contains full -'..n - , te 

a reflex desigriTtor 10 -100 watts, 
so unusual centre-bass system for those 

who wan - . -and and 
erseas) 

VAN KAREN PUBLISHING 
5 SEAN STREET, WILMSLOW 

CHESHIRE Srl6 

TV REPAIRS SIMPLIFIED. Full re- 
pair instructions any British TV 
for £4.50. Circuit Diagram on re- 
quest; details unique books e.g. 
Every mono British TV circ. diag./ 
layout £9.50. Also colour. Aus + 
WW, 76 Church Street, Larkhall, 
Lanarks. (7217 

"VINTAGE CRYSTAL SETS, 1922- 
1972". Just published by Wireless 
World contains 128 pages. Chap- 
ters on the first days of broadcast- 
ing. The Crystal Set, Vintage Wire- 
less Trademarks. Also catalogue 
sections listing and describing 
crystal sets together with their 
original prices in £:s:d. A book for 
the collector or those interested in 
nostalgia. Available from main 
bookshops or direct from us. Please 
send £2.80 inclusive to IPC Busi- 
ness Press Ltd.. Room 11, Dorset 
House, Stamford Street_ London, 
SE1 9LU, (6125 
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inform 
I.C.E. MULTIMETERS 

IÇE the tion in HALF the st 
The I.C.E. range of multimeters provides an 
unrivalled combination of maximum performance within minimum dimensions, at a truly' 
low cost. Plus, a complete range of add-on accessories for more ranges, more functions.. 
All I.C.E. multimeters are supplied complete with unbreakable 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 for details of direct mail -order service. 

Superfester 680R 
(illustrated) 
'20k0 /V. t 1% fsd on d,ç. 

4k0 /V. ± 2% fsd on a.c. 
'80 Ranges - 10 Functions 
'140 x 105 x 55mm 
ti25.25 + VAT 
Ear Mail Order add 80p P&P) 

sl 

Supertester 680G 
.2ok0/ V. t 2% fsd on d.c. 
4k0 /V, '_2% fsd on a.c. 
'48 Ranges - 10 Functions 
.'109 x 113 x 37mm 

£19.95 + VAT 
(For Mail Order add 80p P &P) 

Electronic Brokers Ltd. 
49 -53 Pancras Road, London NW1 2QB 
Tel. 01 -837 7781 

Microtest 80 
'20kí) /V, t 2% fsd on d.c. 
4k0 /V, -2% fsd on a.c. 
'40 Ranges -8 Functions 
`Complete with case - 
only 93 x 95 x 23mm 

£14.95 + VAT 
(For Mail Order add 80p P &P 
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One of the world's smallest 
dynamic- element lavolier 
microphones is designed to be 
heard, not seen. Other mini -mics 
may be O.K. at first, but, as you 
know, there have been problems 
with sudden failures... sometimes on 
the air! The new Shure SM11 lavolier 
solves the problem with an unusually 
high quality dynamic element that 
delivers oll the reliability of a desk 
microphone -yet it weighs less than 
a third of an ounce. 
Rugged, all- arounddurability and a 

Small wonder. 

field -serviceable design keeps this 
new breed of lavalier on the air 
when you need it most. Without 
batteries or unnecessary wiring. And 
without a big price tog either. 
The SM11 has everything: size, 
performance, durability, price. That's 
not just small talk! 

Shure Electronics Limited 
Eccleston Road, 
Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 

WW-002 FOR FURTHER DETAILS 

TECHNICORNER 
Frequency Response: 50 to 15,000 Hz 

Polar Porrern: Omnidirectional 
Impedance: 150 ohms (200 ohms 
actual) for connection to microphone 
inputs rated or 25 to 200 ohms 
Hum Pickup: Less than 35.3 dB 
equivalent SPL in a 1 millioersted field 
Accessories Supplied: Specially designed 
lavolier assembly; clip -on clasp; tie -rack 
assembly; connector belt clip. 

H 
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ToseeowMulfìcore 
Oxide -Free Solder Creams offer 

you higher 

don't come much more critical than digital watch 
manufacture. 
Here, discrete deposits of Multicore Oxide -Free Solder Cream 
are screened onto the PCB. A precision job, with no risk of opera- 
tor error or fatigue. And, a convenient temporary adhesive for 
the positioning of components. 

Solder -flow is accomplished by simply passing the units oyer a 
hot plate. 
Fast. No oxide to contend with. No dirty residues. 
This manufacturer says Multicore Oxide -Free Solder Cream has 
reduced reject rate substantially and offers superior soldering 
quality. 

óroinarysolder creams cannot match this 
profitable performP "ce. Here's why.. 

... because ordinary solder creams or pastes contain rosin - 
based flux mixed with solder powder produced by atomisation. 
This means that every particle of the powder is covered with a 
layer of oxide -slowing down the soldering process, leaving a 
dirty flux residue and causing solder globules to stick to the flux 
and possibly fall loose into the equipment after shockorvibration. 
But, Multicore have developed a very special method of produc- 
ing solder powders that.are virtually oxide -free. 

These can be used in cream form - comprising an homogeneous 
stable mixture of pre -alloyed powder and flux, designed specifi- 
cally for hybrid microcircuits, PCB's and critical component 
joints. 

When heated, Multicore Oxide -Free Solder Creams melt and 
flow as quickly and cleanly as rosin -cored solder wire, leaving a 

pale clear flux residue without solder globules. 

The in-built quality of Multicore Oxide -Free SolderCreams make 
them the ideal specification for almost any application calling for 
lowcost yet high reliability. 

They are available in a wide range of combinations of solder 
alloys, fluxes, particle sizes, flux contents and viscosities - often 
replacing solder preforms. 

However, if you have an application that specifically requires 
preforms, remember that Multicore supply a wide variety of 
those as well. 

Multicore Solders Ltd are Ministry of Defence Registered Con- 
tractors and on Qualified Products List QQ- S -571E of U.S. 

Defense Supply Agency for solder creams and preforms: 

Compare these electron- microscope 
enlargements at x 240 magnification: 

'Ordinary' cream solder 
powder, revealing poor 
particle shape and dross. 

Solder powder from Multicore 
Oxide -Free Solder Cream dis- 
plays clean, uniform particles. 

For ,full information on 
,oxide -Free Solder Creams 

oranyotherMulticore products, 
please write on your company's 

letterhead direct to 

Multicore Solders Limited, 
Maylands Avenue. Hemel Hempstead, Herts, HP2 7EP. 

Telephone Hemel Hempstead 3636. Telex: 82363 
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