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Australia SA 0 
Canada 31.5 
Denmark Kr. 1.00 
Finland Fmk ..2D 
Germany Dr. 4.50 
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10MHz-.51OMHz AM /FM SIGNAL GENERATOR TF 2015 

M >RCON1 INSTRUMENTS LTD 

mt TF 2015 
a wider view 

of signal generation... 
The TF 2015 is a versatile 10 -520 MHz signal generator with 
calibrated a.m. and f.m. and an accuracy of output level 
setting normally found only in instruments costing three 
times as much. A special system gives very fast tuning 
across the bands yet provides smooth control within the 
narrowest of passbands. Leakage radiation is carefully 
screened out to enable accurate measurements to be made 
even at levels below I µV. 

Matched Synchronizer 
The clip -on Synchronizer TF 2171 transforms the 
performance of TF 2015 into the equivalent of a 

synthesizer at less than half the comparable cost. 
The frequency is locked to crystal stability and 
can be dialled in 100 Hz. steps. Tuning is quick 
and easy - set the decade dials, switch to "lock" 
and tune the generator to the approximate 

frequency and the synchronizer will finish the job for 
you. Now you can change the frequency by up to 2% 
using the decade dials without touching the generator - 

and all to an accuracy of 2 parts in 107. It stays locked 
all day and doesn't degrade any aspect of the 
generator performance. 
I.F. Probes 

These are an invaluable aid to the testing of receivers 
with squelch or battery economiser circuits. 
These circuits are inactivated when the crystal - 
controlled signal from the probes is brought into 
the proximity of the receiver's i.f. strip. This 
makes it easy to tune the generator to a receiver 
when its channel frequency is unknown. The 
probes can also be used to check exact tuning by 
adjusting for zero beat. 

THE SIGNAL GENERATORS - 

MARCONI INSTRUMENTS LIMITED 
Longacres, St. Albans, Hertfordshire, England, AL4 OJN Telephone: St. Albans 59292. Telex: 23350. 

A GEC -Marconi Electronics company. 

WW -001 FOR FURTHER DETAILS 
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LEVELL 
PORTABLE INSTRUMENTS 

LOW COST 
OSCILLATORS 

WO C. QiA1AVJR iW[ Mltt , 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

METER SCALES 
SIZE & WEIGHT 

FREQUENCY 

ACCURACY 
SINE OUTPUT 

DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 

SYNC. INPUT 
METER SCALES 

SIZE & WEIGHT 

TG200 TG200D 

£69 £73 

1 Hz to 1 MHz in 12 semi -decade 
ranges. 0 to 1 % fine control 
included on TG200DMP. 
+2 % +0.03Hz. 
7V r.m.s. down to <200uV with Rs 
=600S2. 
<0.1% to 5V, <0.2% at 7V from 
10Hz to 100kHz. 
TG200D, DM & DMP only. 7V peak 
down to <200#. Rise time 
< 1 50nS. 
>1V r.m.s sine in phase with 
output. 
t- 1% freq. lock range per volt r.m.s. 
TG200M, DM & DMP only. 0 /2V, 
0 /7V & -14/ + 6dBm. 
260mm x 130mm x 180mm. 
4.3kg. 

TG200M TG200DM TG200DMP 

£84 £88 £92 

0.2Hz to 1 .22MHz on four decade 
controls. 
+ 0.02Hz below 6Hz. 
±0.3% from 6Hz to 100kHz. 
± 1% from 100kHz to 300 kHz. 

3% above 300 kHz. 
5V r.m.s. down to 30uV with Rs= 60052. 
<0.1 5% from 1 5Hz to 1 5kHz. 
<0.5% at 1 .5Hz and 1 50kHz. 
2 Expanded voltage &-2/ +4dBm. 
260mm x 190mm x 180mm. 5.6kg. 

TG66B TG66A 
Battery £180 Mains & £195 model battery model 

LEVELL ELECTRONICS LTD. 
Moxon Street, High Barnet, Herts. EN5 5SD 
Tel. 01 -449 5028/440 8686 

FREQUENCY 

ACCURACY 

SINE OUTPUT 
DISTORTION 

SQUARE OUTPUT 

SYNC. OUTPUT 

METER SCALES 

SIZE & WEIGHT 

TG152D 
Without 
meter £55 

3Hz to 300kHz in 5 decade ranges. 

±2% t0.1 Hz up to 100kHz, 
increasing to ±3 °/i at 300kHz. 

2.5V r.m.s. down to <200p.V. 
<0.2% from 50 Hz to 50kHz. 

2.5V peak down to <200uV. 
2.5V r.m.s. sine. 

0/2.5V &- 10/ +10dB on TG152DM. 

260mm x 130mm x 180mm. 3.4kg. 

TG152DM 

With meter £69 
Prices include batteries and U.K. delivery. VAT extra. Optional 
extras are leather cases and mains power units. Send for data 
covering our range of portable instruments. 

WW -005 FOR FURTHER DETAILS 
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We'04440, 

The world over - 
You get the 
best service 
from Haltron 

Haltron 

For high quality electronic valves, 
semiconductors and integrated 
circuits - and the speediest service - 
specify Haltron. It's the first choice of 
Governments and many other users 
throughout the world. Haltron product 
quality and reliability are clearly 
confirmed. The product range is very, 
very wide. And Haltron export 
expertise will surely meet your 
requirements. Wherever you are, get 
the best service. From Haltron. 

Hall Electric Limited, 
Electron House, 
Cray Avenue, St. Mary Cray, 

Orpington, Kent BR5 3QJ. 

Telephone: Orpington 27099 

Telex: 896141 

WW -032 FOR FURTHER DETAILS 
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Our Dome Tweeters have reached 

the pinnacle of success... 

KK 7 DOME TWEETER 

The latest addition to the range. For use in 
systems up to 40 watts RMS and available in both 
4 and 8 ohm versions. 

KK 8 DOME TWEETER 

Two models are available, suitable for 
use with systems up to 50 watts or 
alternatively, 80 watts. 4 or 8 ohm models 
can be supplied. 

Isophon have been manufacturing loudspeaker 
drive units for over 50 years and regard their 
dome tweeters as one of their biggest success 
stories. Loudspeaker manufacturers in countries 
throughout the world now incorporate one of 
the above dome tweeters in their system 
designs. 

HAYDEN 

KK IO DOME TWEETER 

Similar to the KK 8 but with narrower 
sound dispersion angle. Available in both 
50 watt and 80 watt versions, with 
4 or 8 ohms impedance. 

For further information on these dome tweeters and 
other loudspeaker drive units manufactured by 
Isephon, complete the coupon and post to 
HAYDEN LABORATORIES LIMITED, e 
Hayden House, Churchfield Road, 
Chalfont St. Peter, Bucks, SL9 9EW. 
Tel: Gerrards Cross (02813) 88447 
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Why scrap good 
mono cameras? 
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EEVis still making 
image orthicons. 

Why change equipment which has many more years 
of useful life ahead? 

EEV is still making image orthicons in very large 
numbers. And we're constantly developing them with 
improved performance. 

So you can be sure of continuity of supply of high - 
quality 3" and 41" tubes. 

Our prices are competitive. Our service backup 
is worldwide. All the knowhow and skill of 24 years 
production goes into every EEV image orthicon. 

Our tubes are all you need - to keep 
on getting good pictures, colour or 
black and white, from older 
generation cameras. 

Write for data and 
prices. If you have a specific 
requirement, contact your 
local EEV agent or call 
Camera Tube Sales at 
Chelmsford, England. 

EEVand M know how 
Members of GEC- turnover £1902 million 

ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM1 20U Tel: 0245 61777. Telex: 99103 Grams: Enelectico Chelmsford. S6C 
WW -006 FOR FURTHER DETAILS 



Not a win on the pools, a trip to 
a Pacific paradise, or a reduction 
in income tax, but distortionless 
"'current dumping ". 
Z's 1 to 4 are the four passive 
components which interconnect the 
current dumpers, (the output 
transistors which supply the 
power), to the small high quality 
amplifier which provides the 
error signal, so that when the 
above condition is met the 
current in the load, the loud- 
speaker, is independent of the 
current in the dumpers and hence 
distortion is solely dependent 
on the quality of the error 
amplifier, which because it is 
small can be very good. 

Wonderful indeed. 

For further details on current 
dumping and other Quad products 
write to Dept. WW 
The Acoustical Manufacturing Co.. 
Ltd., Huntingdon, Cambs., 
PE18 7DB Telephone (0480) 52561 

"Something wonderful * 
happens when Z1Z3' Z2Z4 

QUAD 

* Elektor ElectFor::ics 
Magazine No. 8. Dec 1975 

for the closest approach to the original sound 
for twenty -five years 
QUAD is a Registered Trade Mark 

WW -007 FOR FURTHER DETAILS 
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once is enough! 

Perfect reproduction stems from creating 
a perfect system and then 
recreating the memory contents exactly. 
A plaster cast makes a fairly good replica 
of an original, but it is far from perfect. 
To improve the replica, you must improve the cast. 
It is the only way. 
At Otari, it is our fundamental policy to plan on 
the basis of creating extremely accurate, 
highly precise data recorders and duplicators. 
Only by concentrating in this way on the heart of 
the duplicating process can we provide product which 
fill the professional's need for the most perfect 
reproduction of live sound that is possible. 

Trust through experience- one encounter 
with OTARI equipment and from then on, 
You will trust the OTARI name. 

MX-5050-2S MX-7308 

fiA RQ, 
OTARI CORPORATION: 981 Industrial Road, San Carlos, California 94070, U.S.A. Phone: California 415.593 -1648 Telex No. 259103764890 OTARICORP SCLS 

OTARI ELECTRIC CO., LTD. 4- 29.18, Minami Ogikubo, Suginami.ku, Tokyo, 167 Japan Phone: (03) 333.9631 Cable: OTARIDENKI TOKYO Telex: J26604 OTRDENKI 

WW -075 FOR FURTHER DETAILS 
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FOCUS 

PIC! 
ANALYSER 

CE-15 SPECTRUM ANALYZER 

REFERENCE LEVEL - 0 d B 
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rNE 

AM /FM m 

Easy to ope 

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 
Others measure by us. 

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 
Telephone : 0582 24236 Frequency Synthesizers 

WW -063 FOR FURTHER DETAILS 
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The new Maplin Cataloguie 
is no ordinary catalogue... 

Several 
maior ne Projects tw 

build 0 

Another fascinating 
ne w addition i:; the disco secti on - including 

a very hi 
9htlsho,SOUnd- operat ed 
Powers 

to build _ h. gh speaker and su to ble caj:oet - spec ¡f ¡cations of our build -it- yourself Ip( )lN stereo disc o effects projector and ng 
sores. acc :es- 

to build, highly effective 
Projects section includes full construction 

details o 

a really low-cost, easy Extremely reliable yet 

i ninon system- itch to normal 
electronic 9 to seconds to sw 

takes less than 

running if fault should occur. l 
-OUR 

CATALOGUE 

Ì D H COUPON 50p - 
COPY 

MONEY /NO 
catalogue 

the ' FOR ONO 

ON A 
Pace rand satisfied that it is new 

1 a 
of your b 

completely t If 1 

f 1 am come 
14 

of receiP 
Please rush me Only within within ei days 

instant It is publlshe 
ue to you 

worth every 
,1 penny, will l send 5cá 

catalogue d not purchase 
a return stand 

that 1 nee keep It. I 
not satisf ied. a` .1 understand 

catalogue 
should 1 choose 

Iwithout obllg 
anything from your ca 

I 

I 
wwr ' 

Catalogue includes a very wide ra nge of 
components: hundreds of differe nt capacitors; 
resistors; transistors; I.C's,: diod es; wires and 
cables; discotheque equipment; organ components; 
musical effects units; micropho nes; turntables; 
cartridges; styli; test equiprrien' t; boxes and 
instrument cases; knobs, plugs; and sockets; 
audio leads; switches; loudspe; akers; books; tools - 
AND MANY MANY MORE. 

NAME 
I Ap0RESS 

I 

I p Box 3. Raylelgh,Essex,SS8L 
PI nic SuP= Owing to 

Maplin Electr = 
delay in completion of larger 
warehouse, catalogue will be 

delayed by up to four weeks - so there's still 
time to order before publication and get your pack of ten 

super special offer coupons, giving big discounts on ten different 
popular items. YOU COULD SAVE POUNDS! - SO DON'T DELAY - 

FILL IN AND POST COUPON NOW! 

Our bi- monthly newsletter bee fps you up to date with latest 
guaranteed prices - our latest t special offers (they save you 
pounds) - detains of new proie cts and new lines. Send 3Op 
for the next six issues (5p dim count voucher with each copy). 

m Dun 
ELECTRONJIC SUPPLIES 
P.O. BOX 23, RAYL.EIGH, ESSEX SS6 8LR 

Shop: 284, London F load, Westcliff -on -Sea, Essex 
(Closed on Monday) Tel ephone: Southend (0702) 44101 

WW - 016 FOR FURTHER DETAILS 
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F. MI. TUNER MODULES BY 
These mo dules are fully assembled, tested and guaranteed 
units, as feature:d in our tuner. Designed by experts in 
integrated circuit technology and applications, they 
represent the finest available modules, ideal for 
incorporatic m into top quality home built systems. 

M1 MAI'NI TUNER MODULE 
includin, g ten turn manual tuning pot 

M2 STER'EO DECODER 
including LED. indicator 

M3 PUSH BUTTON PRE -SELECT UNIT 
six channel & provision for manual tune 

M4 REGUL .ATED POWER SUPPLY 
20v, 100mA output, 240v input 

M5 TOUCH TUNE PRE- SELECT UNIT 
A touch switch ed replacement for M3 

Á 
4t-rm An, 

can CeJe Qn 
The Electronic Design Specialists 

£28.50 

£7.60 

£15.95 

£6.30 

£17.54 

Fully illustrated leaflets describing the above modules are 
avail lble for the asking. 

A bo oklet is available for 50p (post free U.K.) Fully 
descril'ping the completely updated tuner. Prices subject to 
12.5 %> VAT 

All items (except M5) are available in kit 
form, or as individual I.C.s, P.C.B.s, etc. 

Full metalwork and teak cabinet is also 
available to complete the finest tuner on 
the market today. 

WATCH FOR FURTHER 
ADDITIONS TO OUR RANGE 

Write for full lists today 

To: lot gredrt 
33 Restrop View 
Purton, WILTS 

SN5 9DG 

HIGH (POWER DC- COUPLED AMPLIFIER 
. . ..111 1.. . . * UP TO 500 WATTS RMS FROM ONE CHANNEL 

* DC- COUPLED THROUGHOUT 

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

MISMATCH, ETC. 

tit 3 YEAR WARRANTY ON PARTS AND LABOUR 

The DC300A Power .< \mplifier is the successor to the world famous DC300 which is so widely used in 

Industrial, and Resean ::h 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 establisihed the DC300A as the world's leading power amplifier. Each of the two channels 
will operate into loads as low as 'I 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 sp ecification of the DC300A, but if you require a data sheet, or a demonstration 
of this fine equipment pl ease let us know. 

MEL 

Power Bandwidth 
Power at clip point 11 chan) 
Phase Response 
Harmonic Distortion 
Intermod. Distortion 
Damping Factor 
Hum & Noise 120- 20kHz) 
Other models in the range: D60- 

DC 20kHz r. 150 watts I 1 db. Odt) 
500 watts rms into 2.5 ohms 
+0. - 15 DC to 20kHz. 1 watt 80 
Below 0.05% DC to 20kHz 
Below 0.05% 0.01 watt to 150 watts 

t 3reater than 200 DC to 1 kHz at 8S2 

t least 1 10c1b below 150 watts 
60 ys, 'aus per channel 

MA 
Macin 
Saxm 

Slewing Rate 8 volts per microsecond 
Load impedance 1 ohm to infinity 
Input sensitivity 1 75 V for 150 watts into 8S2 
Input Impedance 10K ohms to 100K ohms 
Protection Short. mismatch & open cct. protection 
Power supply 120-256V. 50 -400Hz 
Dimensions 19" Rackmount. 7- High, 9;" Deep 
Dl 50 - 150 watts per channel 

Other models available from 100 watts to 3000 watts 

CIN 
es Hou 
ndham, 

ES LABORATORIES LTD. 
=e, Carlton Park Industrial Estate 
Suffolk IP17 2NL. Tel: (0728) 2262 2615 

MACINNES FRANCE 
45 Rue Fessait 
Paris 75019, France 
Tel: 203 -30 -01 

WW -008 FOR FURTHER DETAILS 



BREAKDOWN BUPPLY 

J - 

11 ',I Rrti4 2 - 7 

() 

t .Oi: a+JBE 

AC/DC BREAKC?O.^JN LEAKAGE °. 1iISAT,ON TFSTFF; 

ion out your 
quality control problems 

The AVO Breakdown and Ionisa- 
tion Tester RM215 -L /2 is specifically 
designed to help solve all manner 
of quality control problems. 

It measures resistive leakage 
current under both AC & DC voltage 
testing conditions as well as total 
AC leakage current. Test voltages up 
to 12 kV DC and 6 kV AC are con- 
tinuously variable and breakdown 
current level is adjustable up to 
1 mA. A built -in loudspeaker gives 
audible detection of ionisation and 
there are connections for earphone 
or an oscilloscope. 

The circuit features low internal 
resistance yet at the samé time 
limits the maximum output current, 
even at short circuit. 

With the RM215 -L/2 you can 
carry out general flash testing, 
measurement of breakdown voltage 
-even after breakdown -and the 
detection (and counting) of spurious 
flashovers. 

Equally suited to both destruc- 
tive and non -destructive testing, 
the RM215-L/2 is a piece of test 
equipment you carnot afford to be 
withojt. If you have some problems 
that need to be 'ioned' out, get in 

touch for full details. 

APPLICATIONS 

Flash testing of electrical components. 
Measurement of breakdown voltage on electrical 
components and materials. 
'Measurement of insulation resistance at high 
voltage. 
Measurement of d.c. leakage current. 
Measurement cf a.c. leakage current and total 
current. 
Non -destructive insulation testing of materials 
and components. 
Detection of ionisation in electrical assemblies. 

Designed to meet B.S., VD.E. and 
I.E.C. Safety Requirements. 

WW047 FOR FURTHER DETAILS 

Ay() Limited, Dover, Kent. 
Tel: Dover(0304) 202620. 

1 Thorn Measurement Control. 
mom and Automation Division. 
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FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Basic error 
Sensitivity 
Response 

Width of each channel 

Chart speeds, selected by 

push buttons 

Made in USSR 

Type H3020 -1 

Single pen 

2.5% 

8mA F.S.D. 

0.2 sec. 

80mm 

0.1-0.2-0.5-1-2.5 - 
-5- 12.5 -25mm /sec. 

Chart drive 200 -250v 50Hz 

Type H3020 -3 
Three -pen 

Recording: 

Equipment: 

Dimensions: 

Available for immediate delivery 

Syphon pen directly attached 
to moving coil frame, 
curvilinear co- ordinates 

Marker pen. Timerpen. Paper footage 
indicator, 10 rolls of paper, connectors. 
etc. 

H320 -1: 285x384x16.5mm 
H320 -3: 475x384x 16.5mm 

PRICE: H320 -1 £108.00 
H320 -3 £ 160.00 

Exclusive of VAT 

Z & I AERO SERVICES LTD. 
44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel. 01 -727 5641 Telex: 261306 

WW -041 FOR FURTHER DETAILS 

Problem 
Where to obtain a low -cost device to use as a linear 
output stage for mobile and marine radio under 
SSB conditions. 

M -0V long -life beam tetrodes. 
A single TT21/22 gives 
100W PEP at 1200V H.T. 
and one TT100 delivers 
180W PEP at 850V H.T. 

EEVand M -OV 
know how 
Members of GEC 
turnover £1902 million 

THE M -O VALVE CO LTD, Hammersmith, London, England W6 7PE 

Tel: 01- 6033431. Telex: 23435. Grams: Thermionic London. 58C 
WW -004 FOR FURTHER DETAILS 

new automatic mod meter 

* Frequency range 1.5GHz to 2G Hz 

* A.M. and F.M. measurement over full range 

* Automatic tuning and level setting 

* Positive indication of lock and level 

* Psophometric 'A', 750NS de- emphasis and standard 
audio weightings 

* Remote control of all functions 

* Mains /battery version available (AMM -B) 

* Rackmounting option (AMM -R) 

Details from : - 

Farnell 
FARNELL INSTRUMENTS LTD. 
SANDRECK WAY WETHERBY 
WEST YORKSHIRE LS224DH 
TEL 0937 3541 TELEX 557294 

WW -025 FOR FURTHER 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 8'/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 bigital Systems. 

£6.20 
plus 80p packing and 
surtace post anywhere in 
the world. 

Payments may be made in 
foreign currencies. 

Quantity discounts 
available on request. 

VAT zero rated. 

Also available - a more elementary course assuming 
knowledge except simple arithmetic. 
Üigital 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 

£4.20 
no prior 

plus 80p P. & P. 

Offer Order both courses 
for the bargain price £9.70, 
plus 80p P. & P. 

Designer 
Manager 
Enthusiast 
Scientist 
Engineer 

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 

Student proceeding to the next. 

Guarantee -no risk to you 
If you are not entirely satisfied with Design of Digital 
Systems or Digital Computer Logic and Electronics, 
you may return them to us and your money will be 
refunded in full, no questions asked. 

rTo. Cambridge Learning Enterprises. Dept COM 
FREEPOST, St. Ives, Huntingdon, Cambs. PE17 4BR 
Please send me .... set(s) of Design of Digital Systems at 127.00 each, 

p & p included 

or set(s) of Digital Computer Logic and Electronics at £5.00 each, 
p & p included 

or 

Name 

Address 

combined set(s) at £10.50 each, p & p included 

1 

'delete as applicable 
No need to use a stamp - just print FREEPOST on the envelope. L WW1J 

(G a,rd hers 

The Best 
of British 

ENCAPSULATED POWER SUPPLIES 
DC Input - NV Converter Series 

Fully stabilized 
Input /output isolation 
Short circuit protection 
Fully shielded, low radiation 
Commutation spikes less than 20 mV P -P 

TYPICAL 
Cat. No. Nominal DC OUTPUT REGULATION (Volts). 

Input Voltage Volts Amps LINE LOAD 
N V 7300 
NV7308 
NV7312 
N V 7314 
NV7317 
N V 7319 
NV7323 
NV7328 
N V 7336 
NV7342 
NV7344 
NV 7349 
N V 7353 
N V 7357 
NV7358 

-NV7366 
N V 7368 
N V 7372 
NV7383 
N V 7388 
NV7396 
NV7398 

5 2x15 0.25 .006 006 
5 180 0.05 2.5 2.5 

12 5 1.00 .005 .024 
12 2x 5 1.00 005 .024 
12 6 1.00 009 021 
12 2x 6 1.00 009 023 
12 2x12 0.50 .014 .011 
12 2x15 0.50 019 011 
12 24 0.5 07 09 
24 5 1.00 004 024 
24 2x 5 1.00 004 024 
24 2x 6 1.00 008 023 
24 2x12 0.50 010 012 
24 15 1.00 024 .021 
24 2x15 0.50 015 012 
24 24 0.5 07 .09 
24 50 0.25 3 2 

50 5 1.00 002 024 
50 2x12 0.50 007 .011 
50 2x15 0.50 .010 .012 
50 24 0.5 07 .09 
50 50 0.25 .3 .2 

Based on ambient 20 °C, 100sq. in heatsink 
'modules facilitating polarity changes 

Additional designs are fully described in GT.218. 
AC Input - Minimod Series 

P.C. mounting interchangeable 
with most American types 
Linear stabilization 
Foldback current limiting 
Wide temperature range 
Modules available for U.K. 
(210- 250v), European (200 - 
240v) and American (106 -121v) requirements 
Supply Frequency 50 -400Hz 

Type 
number 

OUTPUT 

Voltage Amps 

Short Circuit 
Current mA 
(Typical) 

% Regulation 
line & load 
(Typical) 

PU01 5 0.5 370 0.3 
PU02. 5 1.0 770 05 
PÚ03 15015 010 37 0.1 
PÚ04 15 0 -15 0.20 84 0.1 
PÚ05 12012 0.12 45 0.1 
PÚ06 12012 0.24 120 02 
PU1l 18018 0.15 50 0. 1 

PU10 15 0.10 37 0 1 

PU12 12 0.10 45 0.1 
PU13 18 0.065 23 0.1 

Voltage tolerance 5v models ! 0.1v All other models t 0.2v 
Nickel- Cadmium Cell Charger Units 

Constant current outputs permitting up -to 10 cells to 
be charged in series. DC INPUT NV7304 AC INPUT PUO7 

ALL UNITS DESCRIBED ARE NORMALLY AVAILABLE 
FROM STOCK: SPECIAL DESIGN SERVICE. CUSTOM 
BUILT UNITS FOR APPLICATIONS REQUIRING 
DIFFERENT SPECIFICATIONS ARE PRODUCED AS 
PART OF OUR STANDARD SERVICE. TRY US FIRST. 

1 &V ®® Gardners 
Gardners Transformers Limited 
Christchurch Dorset BH23 3PN 
Telephone 0201 5 2284 

® 
Telex 41 276 XCH 
Approved manufacturers of 
electronic transformers. modular 

power supplies, inverters and converters td Defence Standard 05.21 

WW-040 FOR FURTHER DETAILS 
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Safe, tough, efficient and versatile that's 
our new miniature CX iron. 

Safe because it is virtually leak -free (leakage 
current less than 1µA). Earth it if you like 
three core lead. It is made to conform with 
B.S. 3456 and has a breakdown voltage of 
more than 4000V. 

Tough because the handle is almost un- 
breakable and the cerf9mic shaft is covered 
by a stainless steel shaft. 

Efficient because the element is situated 
right inside the soldering bit and the heat 
generated by its 17 watts is not wasted. 

Versatile because the iron can be used for a 

wide variety of soldering jobs; with six easily 
interchangeable, slide -on bits, ranging from ;" 
right down to ;" (1mm). It's suitable for 
small, miniature and micro miniature joints. 

Model X.25 is a general purpose soldering 
Iron, also with two shafts for toughness and 
perfect insulation. Available for 220 -250 volts 
or 100 -120 volts at 25 watts and priced at 
£3.20 exclusive of VAT. 

Stand model S.T.3 has a chromium plated 
steel spring, two sponges for cleaning the 
bits and is priced at £1.40 exclusive of VAT. 

Available for 220 -250 volts or 100 -120 volts. 
Weight 1 1 oz (40 gram). Length 71" (19cm). 
Price £3.20 fitted with standard bit -h" 
(2.3mm). Spare bits £0.46; f0.72; £0.84 
exclusive of VAT. 

Stocked by most of the well -known whole- 
salers and many retailers. Or direct from us if 
you are desperate. 

Send for colour catalogue from. 
Antex Freepost, Plymouth PL1 1 BR 

Mayflower House, Plymouth. 
Telephone (0752) 67377/8 Telex 45296 
Giro 2581000 

Forget all you've ever read about 
miniaturised soldering irons. 
This is the NEW AMEX CX 

WW -084 FOR FURTHER DETAILS 
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The ExperimenÙi 
From Continental Specialitie, s 

Ds l'adent Design N.235554 

The Experimenter is 
not so much a new 

breadboard, practically 
a new way of life!, 

Says Ronald J. Portugal 
(President, 

Gmtinental Specialities Corp(>ratiun. 

Two Versions. 

Experimentor 600. 
The world's first breadboard 

specially designed for 0.6 pitch 
devices. It gives you all the 

fan -out you need for complex 
MSIs, Micro -processors, 

Memories, Displays etc., ( 40 pins 
or more) with plenty of room for 

other components alongside. 

No soldering. 
No spoilt devices. 
No fuss. 
No fiddling. 
No wasted time. 
Now you can put circuits together as 

quickly as you think them up. 
Just plug your devices in, pull them out, 

plug them in again, as many times as you want. 

Experimentor 300. 
This one is designed to be 

ideal for 0.3 pitch DILs, any kind, 
from 6 pins up. Excellent fan -out. 

(You can also use it for 0.6 
devices, though for these the 

600 version is recommended.) 

/11_- 

aaaa sáaa a 

I° a 11111 : 
.* 1111 

Easy to Buy. 
There's no problem buying from USA. 
Just send name, address (block letters please), quantity of 

each required, and a perfectly normal UK bank cheque, made 
out in Pounds Sterling, to Continental Specialities Corporation. 

Or you can use an International Money Order, from any 
Post Office. We also accept your American Express Card or 
Access number. 

Amex /Access No Then we post by return airmail, and you should receive L 
the goods within 2 -3 weeks. 

Apart from ICs, both versions take 'TO -5 transistors, 
diodes, LEDs, capacitors, resistors; any component with lead 
size between .015 and .032 inch diameter. And for inter- 
connections you use standard solid hook -up wire. 

Unique Constructions. 
Each version of the Experimentor gives you 94 five - 

contact terminals, arranged in two rows of 47, plus two integral 
bus -strips for Ground and Power, with 40 contacts on each. 

That's 550 contacts in all! (See diagram). 
All terminal strips are recessed int( ) the bottom of the 

plastic body, and covered with a stick -on vinyl backing, so you 
have no insulation problems. 

The contact rows are numbered 1 -5 -1.0 etc. and A- B -C - - -J 

lengthways, so each position is clearly def fined. The bus -strips 
are labelled X -Y, each end. 

The plastic body is rigid, strong and longlasting, with a 
recessed screw -hole at each cornet; and all four edges have 
a special quick -locking lip so that you can build rigid arrays of 
two or more boards. 

The Domino Theory. 
See how the Experimentor boards fi x together, side by 

side, end to end, or at tight -angles, to give unlimited scope for 
circuit building, planning, extending, rearranging. 

You can mix 0.3 and 0.6 DILs in any arrangement 
you like. 

And all your displays can face the way you want them. 
And look at these price's! 

Experimentor 300, £7.20, Experirnentor 600, £7.90. 
All made to top CSC professional quality, and every one is fully 
checked before dispatch. 

Free Catalogue! 
Page after page of fascinating CSC products. Just write 

and ask. 

7 
Name 

I Address 

----------------I 

(qty). Experimentor 300 @ £7.LOeach, 
Experimentor 600 © £790. 

(total). 

Please send me 
and (qty}. 

i enclose cheque /imo for £ 

Dealer enquiries invited. Nate that any tiK taxes or duties 
chargeable pre solely the r, .pnnsibility .f the buyer. =0= 

Gmtinental Specialities Corporation. 44 Kendall St.. l'O Box 1942, New Haven, Conn. 06509 USA. Telephone: 20;; -(i 24 3103. 

WW -067 FOR FURTHER DETAILS 
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ESP 100 A 
1 pF to 10 pF 

Portable 
£49.00 + V.A.T. 

ESP 200 A 
1 pF to 50 pF 

Wide scale 
laboratory model 
£90.00 + V.A.T. 

ESP, 

ESP 300 A 
1 pF to 2,000 pF 

Autoranging 
capacitance bridge 

£225.00 + V.A.T. 

Electronic Services and Products Limited 
Cross Lane, Braunston, Near Daventry, 
Northamptonshire NN11 7HH 
Telephone: Rugby (0788) 890672 

A complete range of British -made 
instruments designed to 
simplify capacitance measuring 

Accurate and sensitive 
Requires no manual balancing 
Takes less than a second to 
measure a capacitor 
Updates changes in capacitance 
automatically 

Wide range of applications 

Send for technical literature and free 
booklet: "Modern methods of capacitance 
measuring" 
Suppliers to: Ministry of Defence, Post Office, 
B.B.C., Government departments and 
Electronic Laboratories world-wide. 

KWPIESP2 7619/ 
WW027 FOR FURTHER DETAILS 

METER PROBLEMS? 

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 

wir 

Phone: 01/837/7937 

WW -023 FOR FURTHER DF: " FAH LS 

(r 
AUDIO LABORATORY INSTRUMENTS 

RADFORD 

or the professional 

LDO3 Low Distortion Oscillator 
A continuously variable- frequency laboratory oscillator with a range 
10Hz- 1.00kHz, having virtually zero distortion over the audio frequency 
band with a fast settling time. 
LD03.B Low Distortion Oscillator, balanced output. 
A LD03 but fitted with an output amplifier and screened balanced 
transformer providing a 600 ohm floating / balanced output, and 150 
ohms unbalanced output. 
DMS3 Distortion Measuring Set (Illustrated) 
Measures total harmonic distortion down to 0.001 % speedily and 
accurately. Direct reading from calibrated meter. 

HSV1 High Sensitivity Voltmeter 
An accurate voltmeter with 16 ranges, 10µV -300V f.s.d. Average 
responding 
HSV2 High Sensitivity Voltmeter. 
As HSV1 but true r.m.s. reading. 

ANM1 Audio Noisemeter 
An accurate voltmeter and noisemeter with 16 ranges, 10µV -300V f.s.d 
Fitted weighting characteristics: Wide band, DIN Audio Band, IEC /DIN 
Curve 'A ",and CCIR. Average responding. 

ANM2 Audio Noisemeter 
As ANM1 but true r.m.s. reading. 

ANF1 Audio Noisefilter 
An active filter to CCIR weighting characteristic for use with external 
voltmeter. (Ref. Dolby Laboratories Inc., Bulletin No. 43, Mar. 76). 

Full descriptive leaflets available from 
RADFORD ELECTRONICS LTD. 
Laboratory Instruments Division 

Ashton Vale Road, Bristol, Avon BS3 2HZ Tel. 0272 662301 

WW -019 FOR FURTHER DETAILS 
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SPECIAL 
LOW PRICE 
ARRANGEMENTS 
FOR VISITING 

TRADE AIS 

I PC Electrical - Electronic Press Ltd., the world's largest publishers 
of computer, electrical and electronic journals, have made special 
arrangements for readers wishing to visit important overseas trade 
fairs. The cost, in most cases, is little more than the normal air fare 
but includes - travel by scheduled airline from Heathrow and 
Manchester * first -class hotel accommodation * arrival and 
departure transfers *admission to the trade fair *services of an 
experienced tour manager. The current programme comprises the 
following tours. 

To obtain a brochure and booking form, tick the box against the tours in which you are interested, complete the coupon and post to the 
exclusively appointed travel agent, Commercial Trade Travel Ltd., Carlisle House, 8 Southampton Row, London WC1. Telephone 
01 - 405 -8666 or 01 -405 -5469. 

Exhibition 

International Fair for 
Household Appliances -- 
DOMOTECHN'CA 

International Audio 
Exhibition - Festival 
du Son 

International Exhibition of 
Electronics Components 

Please send details of the tours indicated above 

NAME 

August 26- 
September 41977 

International Lighting Paris January 12 -17 
1977 

Cologne February 10 -17 
1977 

Paris 

Paris 

Hanover Fair _ Hanover 

International Electric 
Vehicle Exhibition and 
Conference 

March 7 -13 1977 

March 31- 
April 61977 

April 20 -28 1977 

Chicago April 26- 291977 

Computer, Systems & 
Peripheral Exhibition & 
Conference - COMPEC 
EUROPE Brussels May 1 0 -1 2 1 977 

International Radio & TV 
Exhibition Berlin 

International Exhibition of 
Computers and Peripheral 
equipment -SYSTEMS' 

International Exhibition for 
Electron is ProdLction - 
PRODUCT RONICA 

COMPANY 

Munich October17 -21 
1977 

Munich November 22-26 
1977 

ADDRESS Telephone 
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AMBIT international (dept 85) 
The Dynamic Twosome: Signalmaster /Audiomaster 
After long and thorough deliberation, we are proud to 
announce a new unit from Larsholt - the Audiomaster. 
As ever, the instructions are designed to lead the unwary- 
and the inexperienced- through point -to -point steps that 
culminate in a professionally styled and finished amplifier 
to complement the Signalmaster FM tuner. Price £79.00 

JR., Power: 25 +25W RMS 
THD: Less than 0.3% 

- - Dynamic range: an - , - " exceptional 80dB !- -' ,,--7),, ,-T (Signalmaster shown on top 
* * *" of the Audiomaster) 

The Signalmaster Mk.8 is equally simple to assemble, and 
results reflect the superb Scandinavian styling and careful 
electronic engineering. £85.00. 

C1Y t International 
A choice of tuners 

+ VVVV 
for the more exper- 
inced constructors. 

A chassis, cabinet and front panel designed to be used with 
a variety of electronics inside. The standard set, with the 
Larsholt 7253 varicap FM tunerset, plus all necessary parts 
to complete costs £65.00. Alternative modules for the signal 
processing stages are available for the more advanced F.M. 
radio enthusiast /constructor. (EF5800/7030/91196) 

7030 

.4". . /A* 
E F5800 91196 

From left to right, the EF5800 6 circuit varicap FM tunerhead. Two 
MOS RF stages, both with AGC control, and an ultra stable oscillator. 
Next the 7030 Linear Phase 10.7MHz IF. Distortion 0.08 %, muting , 

AGC, meter, auto stereo switch outputs. Finally the new 91196 mpx 
decoder and combined birdy filter. Mono THD 0.05 %, stereo sep. 
55dB at 1kHz, 42dB at 10kHz - the best decoder module yet. 
EF5800 £14.50 7030 £10.95 91196 £12.99 (Built). 
Overall performance of the three modules when correctly assembled: - 
30dB S/N at 0.85uV input. 60dB at 5uV. THD 0.09 %. AFC holds 
THD below 0.2% over 400kHz if required. AGC effective over a 
90dB range. Image rejection -90dB. Noise floor -73dB. 

Components: Coils, ICs Filters, etc. 
Radio ICs: (and modules) Coils and filters: - 
CA3089E/HA1137W FM 1.94 AM IFTs TOKO 
CA3090AQ mpx 3.75 YRCS /YHCS types(lOmm)0.30 
MC1310 /KB440Q mpx 2.20 7MCS types (7mm) 0.30 
HA1196 mpx 4.20 FM IFTs:- 
HA1197 AM radio 1.40 KACS/KALS types(lOmm) 0.33 
TBA120AS FM IF 1.00 94Atypes (10mm) 0.30 
TBA651 AM radio 1.81 AM filters: - 
uA720/CA3123E AM rad 1.40 CFT types ceramic (455) 0.55 
LM380N 2W Audio 1.00 CFU type ceramic (470) 0.60 
TBA810AS 7W Audio 1.09 SFD470 types (470) 0.75 
TCA940 10W Audio 1.80 FM filters: - 
TDA2020 20W Audio 2.99 CFS /SFE ceramic (10.7) 0.50 
LM381N stereo preamp 1.81 SFE6MA (TV sound) 0.80 
LM3900 Quad amp 0.68 3132 linear phase 2.25 
78M12 -20 -24 volt reg ea:1.20* MPX 19 &38kHz notch 
NE550A variable reg 0.80* BLR3107 (4k7 imp) 1.75 
TAA55OB varicap reg 32v0.50* BLR2007 (3k3 imp) 1.75 
NE560 /2B PLL IC ea:2.50 23 or 36mH chokes 0.33 
NE5618 PLL IC 3.50 Tunerheads: (& tunersets) 
NE565A/567V PLL ea:2.50 EF5600 5 gang varicap 12.80 
810k klt for TBA810 amp2.75 EC3302 3 gang varicap 5.50 
2020k kit for 2020 amp 9.35 8319 (Larsholt) 12.00 
92310 kit for mpx decoder5.35 7252 tunerset complete 26.00 
7020 kit for 3089 FM I F 6.65 7253 stereo tunerset 26.00 
971197 kit for varicap AM Standard transistors also kept in 
radio tuner 9.65 stock - see lists for further detail 
7700 built TV sound tuner 27.00 and price information. 

Terms: Vat extra, 12.5% unless marked *, which is 8%, alles 
complete tuners require £3.00 for packing and carriage. The 
standard P &P rate remains at 22p per order. Catalogue 40p. 
Phone (0277) 216029 (After 3pm please). SAE for free price lists. 

Write to: 37a High Street 
Brentwood, Essex : CM14 4RH1 
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Contractors to H. M. Govt. P.O. 

REPAIRS 
OF ELECTRICAL MEASURING INSTRUMENTS 

7 -14 DAYS SERVICE 
MODEL 8 MK.V 

STOCKISTS 
ALSO SUPPLIERS OF GEC 

RISSO AND OTHER 

MULTI -RANGE TEST SETS 

WE SPECIALISE IN ASSEMBLIES, AND IN THE 
REPAIR, CALIBRATION AND CONVERSION 

OF ALL TYPES OF INSTRUMENTS, INDUSTRIAL 
AND PRECISION GRADE 

LEDON INSTRUMENTS LTD. 
GLADSTONE WORKS, GLADSTONE RD, 

FOLKESTONE, KENT. 
TEL: (STD) 0303 57555 
WW -036 FOR FURTHER DETAILS 

Cut /Bend 
Tool 

TP /2A cuts and 
bends component 
leads on PC boards 
in one single- handed 
operation. 

PR /1 accurately bends component 
leads 90° for PCB insertion. Micrometer 

adjustment of spacing. 

LIGHT SOLDERING DEVELOPMENTS LTD. 
97 -99 Gloucester Road, Croydon, Surrey. 
Tel: 01 -689 0574 Telex: 8811945 

WW -033 FOR FURTHER DETAILS 
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When you're Btuck 

* 

just pick liai ' ). ?. 
. 

oo 

01992 

EAST KILBRIDE 

and talk to 
__---- 

RAPID SOUND t VISION PARTS 

'3* it 
' , F1R5 

,I 
ï 

. 

theiame 
..... 

if 

before 
* or any other of nearly 2,000 components and spares. 

Rg 
r__________ 

Send me FREE your RSVP Directory of 
IElectronic Components and Spares. 

_X I 
RAPID SOUND Et VISION PARTS 

Telephone, t elex or return the coupon for your , 
FREE RSVP Directory NOW. 

Rank Radio International Limited, RSVP Service, Watton Road.' 
Ware, Hertfordshire SG12 ODY. Telephone: 0920 3966. Telex: 81344. 

AV IRmeans lsf Class i 

My name is 

Position 

Company 

Address 

Post Code 
Mail today to: Rank Radio International Limited, 

returnv post l gervee `Watton Road, Ware, Hertfordshire SG12 ODY. ______________ 
WW-074 FOR FURTHER DETAILS 
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"He's asking 
for a 

reed relay 
assembly 

with a 30kV 
isolated coil" 

People often bring their need to us. They Know the 
Whiteley speciality. Being helpful! And the item that 
started life as a customer request, joins the Whiteley 
product list, ready to help other designers over a problem. 
You, perhaps? Consider a neat relay assembly - one or 
two dry reed switches with a rating of 25W, housed in a 

mounting tube, with either 'normally open' or 'change- 
over' contacts. Around them, a coil operating from 8, 
12, 24 or 50V supply, 30kV isolated from the contacts. 
The whole unit mounting on a 0.25" insulating plate 
with a couple of 3 way tag strips. I f you're interested, 
ask for a data sheet. But more, keep Whiteley in mind 
as the people who make useful things. 

...manufacturin 
4, A your e %ctrica. ¡, r e - and electronic 

requirements. 

Whiteley Electrical Radio Co. Ltd. 
Mansfield, Notts NG18 5RW, England. Tel: 0623 24762. 

WW -062 FOR FURTHER DETAILS 
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PRODUCTION TESTING * DEVELOPMENT 
SERVICING 

Input 200 -250v 50Hz or 100 -120v 60Hz to order. Output 1 

0 -30v 25A DC. Output 2: 0 -70v 10A AC. Output 3: 0 -250v 4A 

PRICE: £201.35 excluding VAT 
Regulated and unregulated outputs with output voltages of 
12, 24, 50, 110 or 220v DC are also available at very 
competitive prices. 
Send for further details of these versatile units to:- 

BROWELLS LANE, FELTHAM, MIDDX. 
TW13 7EN 

PHONE: 01 -890 4242 or 4837 
WW -034 FOR FURTHER DETAILS 

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. 

CRYS I AL. ( )A L N 
OP! (RAIIN( \NI 1I. 
I\4Y1T((NI I.( :UL £670 1.2 GHz 
Sensitivity 10mV. Stability 5 parts 10.'' 

Resolution ± 1 Count 
301M 32MHz 5 Digit £85 401 32MHz 6 Digit £125 
501 32MHz 8 Digit £178 701A 80MHz 8 Digit £195 
801A /M 300MHz 8 Digit £305 901M 520MHz 8 Digit £375 
8018/M 250MHz 8 Digit £265 1001M 1.26Hz 8 Digit £670 

Start /Stop versions plus £12 Memory versions available if not 
suffixed M £25 extra 

Type 101 1MHz 100KHz 10 KHz Crystal Standard £85 
Type 103 Off /Air Standard £85 

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

R.C.S. ELECTRONICS 
6 WOLSEY ROAD, ASHFORD 

MIDDX. TW15 2RB 
Telephone: Ashford (Code 69) 

53661/2 

WW -018 FOR FURTHER DETAILS 
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T If 
THE 

WH 

Britain's biggest and best»known 
exhibition of home entertainment, 
audio and hifi. 
41 UNIQUE - for reputation and scope. This is our 23rd year, and no other 

fair offers such a comprehensive showcase for home electronic entertainment, 

plus the traditional appeal to audio and hi -fi specialists. 

LONDON'S OLYMPIA - the industry's favoured location, where the 

people and the money are ... and the only venue with the size, scope and 

facilities for this great trade and public festival. 

SEPTEMBER 12 to 18, 1977 - the preferred pre - 

Christmas selling -time period ... and opening with 
a day and a half for the trade only. 

BACKED by major IPC specialist, trade and 
consumer publications, commanding a 

combined readership of 1,750,000. 

ORGANISED by the IPC Business 
Press specialist exhibition company, with 
a remarkable record and reputation for 
handling specialist fairs. 

21 

To : Audio Fair, 
Iliffe Promotions Ltd, 
Dorset House, 

I 
I Stamford Street, 

London SE1 9LU 

YES, I MUST find out more , 
Il about the 1977 International I 

Audio Festival aed'Fair. 
Il Please send me an exhibitor's 

II 
brochure right away. I 

IName 
I Position in firm I 
IAddress _ , 
IllProducts we want to exhibit I . ............. a 
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MADE IN BRITAIN? 
You could be forgiven for being 

surprised. 
After all, the market is flooded with 

Japanese equipment. 
But now, for the first time, a tape deck, 

with full solenoid transport function is 
available from a British manufacturer. 

It's the MK 7S from Brenell. 
A sturdy machine of studio quality, 

that includes features like front panel bias. 
accessibility and dual standard 
equalisation. 

It can be seen and heard at our demo 
studio. Pembroke House, Campsbourne 
Road, Hornsey, London N8. 

Or for more information call Andrew 
Stirling 340 3291 

Also available -a complete range of 
multi- channel recorders, to customers 
own specifications. 

b 
WW -068 FOR FURTHER DETAILS 

PRECISION PETITE LTD. 
119a HIGH STREET, TEDDINGTON 

MIDDX, U.K. TEL. 01 -977 0878 
(24 -hr. enquiry service) 

NOW PRESENT THEIR 

NEW DRILL! 
(MODEL P 2) 

WITH OUR CURRENT MODEL P.1 
"THE PERFECT PAIR" 

SPECIFICATIONS 

MODEL P2 
(Illustrated) 

Diam. 170 x 40mm 
Weight 300g. 
Torque 320cmg. RPM 

12,000 
4 collets 0 -3.5mm 
3 Amp 12v. D.C. 

Price inc VAT £16.50 p.p 
65p 

MODEL P1 
(As per previous 
advertisement) 

Diam. 33mm 
Length 125mm 
Weight 160g 
3 collets 0 -2.5mm 
R.P.M. 10,000 
Torque 1 20cmg 
2 Amp 12V DC 

Price £8.79 incl. VAT. p.p. 
35p 

STAND AVAILABLE FOR P1 

P2 STAND SOON' 

Model P2 

SAE 9" x 4" for Leaflets and 
Order Form 

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 

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

BOSS INDUSTRIAL MOULDINGS ITO 
Higgs Industrial Estate, 2 Herne Hill Road, London, SE24 OAU, England 
Telephone 01 -737 2383 Telex 919693 



Wireless World, January 1977 23 

Unique full-function 
8-digit wrist calculator... 

available only as a kit. 
A wrist calculator is the ultimate in common -sense portable 
calculating power. Even a pocket calculator goes where your 
pocket goes - take your jacket off, and you're lost! 

But a wrist -calculator is only worth having if it offers a 

genuinely comprehensive range of functions, with a full -size 
8 -digit display. 

This one does. What's more, because it is a kit, supplied direct 
from the manufacturer, it costs only a very reasonable £9.95 
(plus 8% VAT, P&P). And for that, you get not only a high - 
calibre calculator, but the fascination of building it yourself. 

How to make 10 keys do the work of 27 
The Sinclair Instrument wrist calculator offers the full range of 
arithmetic functions. It uses normal algebraic logic ('enter it as 
you write it'). But in addition, it offers a % key; plus the 
convenience functions >/T, 1/x, x2; plus a full 5- function memory. 

All this, from just 10 keys! The secret? An ingenious, simple 
three -position switch. It works like this. 

1. The switch in its normal, central 
position. With the switch centred, 
numbers - which make up the vast 
majority of key- strokes - are 
tapped in the normal way 

2. Hold the switch to the 
left to use the functions to 
the left above the keys... 

3. and hold it to the right to 
use the functions to the 
right above the keys. 

The display uses 8 full -size 
red LED digits, and the 
calculator runs on readily - 
available hearing -aid 
batteries to give weeks 
of normal use. 

Sinclair Instrument Ltd, 
6 Kings Parade, Cambridge, 

Cambs., CB2 1SN. 
Tel: Cambridge (0223) 311488. 

Assembling the Sinclair Instrument 
wrist calculator 
The wrist calculator kit comes to you 
complete and ready for assembly. All 
you need is a reasonable degree of 
skill with a fine -point soldering iron. 
It takes about three hours to 
assemble. If anything goes 
wrong, Sinclair Instrument 
will replace any damaged 
components free: we 

:..... 
want you to enjoy 
assembling the kit, 
and to end up with a 

valuable and useful 
calculator. 

;,... .. .. .., 

Contents 
Case and display 
window. 

Strap. 
Printed circuit board. 

Switches. 
Special direct -drive chip 

no interface chip needed) 
Display. 

Batteries. 

Everything is packaged in a neat plastic 
box, and is accompanied by full instructions. 

The only thing you need is a fine-point soldering iron. 

All components are fully guaranteed, and any which are 
damaged during assembly will be replaced free. 

The wrist -calculator kit is available only direct from 
Sinclair Instrument. Take advantage of this 10 -day money - 
back undertaking. 
Send the coupon' today. 

To: Sinclair Instrument Ltd, 
6 Kings Parade, Cambridge, Cambs., CB2 1SN. 

Please send me ... (qty) Sinclair Instrument wrist -calculator 
kits at £9.95 plus 80p VAT plus 25p P&P (Total £1 1). 

I enclose cheque /PO /money order for £ 

Complete as applicable. 

Name 

Address 

(Please print) 
I understand that you will refund my money in full if I return the 
kit undamaged within 10 days of receipt. WWI] 
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N 
! For home 
.constructor 

FREE BLOB BOARD! 
BLOB BOARDS 
Circuit diagram to circuit board in minutes. Layout circuit plan on .1" graph paper. 
Select Blob Board, lay components out with leads on copper strip. Blob of solder onto 
lead and your circuit is complete. Blob Boards normally half price of competitive boards. 
Roller tinned to solder components directly. No drilling or mounting. Modifications in 
seconds. Blob Board is re- usable. 

Blob Boards are circuit boards designed exclusively for the home constructor and proto- 
type engineer and are normally half the price of competitive boards. Blob Boards are 
roller tinned for ease of soldering, most require no cutting or breaking of contact rails. 
HALF PRICE AND RE- USABLE. That is NEW! 

Blob Board .1" or .15" 
All approx. inch sizes 
ZB1V 2.5 x 5 
ZB2V 2.5 x 3.75 
ZB3V 3.75 x 5 
ZB4V 10 x 6 

Discrete Blob Board 
ZB5D 3.6 x 2.4 
ZB6D 2.4. x 7.3 
ZB7D 4.9 x 7.3 
ZB8D 9 x 7.5 

1 off 

£0.30 
£0.23 
£0.46 
£1.51 

1 off 
£0.20 
£0.42 
£0.69 
£1.62 

3 off 

£0.75 
£0.57 
£1.14 
£3.78 

3 off 
£0.51 
£1.05 
£1.75 
£4.05 

Dip Blob Boards 1 off 3 off 

ZB11C 4.5. x 3 £0.36 £0.90 
ZB21C 4.8. x 3.2 £0.40 £0.96 
ZB41C 4.75 x 7.5 £0.85 £2.13 
ZB81C9.5x7.5 £1.70 £4.26 

Sample pack: 1 off ZB1V + 1 off ZB8D + 
1 off ZB21C normally £2.32 only £2.00 + 
freè Blob Board. 
Many other sizes and patterns available add 
30p post + 8% VAT to all orders. 

S -DeC 
Take an S -DeC, take a small 
stock of components. Plug 
components into S -DeC, no 
soldering, make a radio 
receiver, light operated switch, 
3 stage amplifier. When circuit 
is made unplug components 
and use them again to make a 
morse practice oscillator, LC 
oscillator, binary counter and 
any other discrete circuitry. 
See Practical Wireless for new 
series of S -DeC projects. 
S -DeC + step by step instruc- 
tions to build above projects 
and 3 more + which compon- 
ents to use + free control 
panel for mounting switches, 
lamps etc. + free Blob Board. 
S -DeC only £1 .98 + 37p (VAT 
+ post) send only £2.35. 

T1', DRILLSAW 
GRIND -BURR 
BRUSH POLISH 

PB announce a precision British built drill for the home constructor. 
Works better than most bigger drills and can be used for fine detailed 
work. Drills through any circuit board, need to break copper strip 
simply grind it off. 
9000 RPM Drill + 20 Assorted tools £11.20 ( +VAT + post) 
Send £13.00. 
9000 RPM Drill only £5.22 + post + VAT send £6.00. 
Multi-purpose Drill stand £10.60 + Post + VAT send £12.00. 

c 

If you are using IC's to build 
circuits use T -DeC for 1 chip 
circuits and U -DeC A for 2 
chip circuits. Draw circuit on 
graph paper, plug IC into 
Adaptor and plug into DeC. 
No soldering, no bent leads, 
no wasted IC chip. Lines on 
DeC show contact rails, plug 
discrete components in. Cross r overs, connections are made 

- using different coloured leads. 
Circuit completed and working 
unplug components and use 
for next circuit. No soldering, 
no damage to components. 
Use your DeC and small 
stock of components over and 
over again. T -DeC send £4.30. 
U -DeC "A" send £4.60. 
Adaptor send £2.30. 

PB Electronics Scotland Ltd. 
57 High Street, Saffron Walden, Essex. CB10 
For leaflets and further information please 
send stamped addressed envelope. 

POT LUCK 
Off cuts of fibre glass 
circuit board 5 sq. ft. 
Double sided fibre glass p.c.b. 5 sq. f 
Ferric chloride 5 litre mix 
Negative developer 1 litre 

Add £0.75p. to all above for 
Post + VAT. 

£1 .50. 
t. £2.00. 

£2.00. 
£1.50. 

,eti c O 
c0 e`e\ +ora \eay ac5 

\a¢ J ° C Iaaac o. ' 

t 
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SHEET 
METAL 

PUNCHES 
for quick,clean holes 

-111- 

Easiest and 
quickest way of 
punching holes in 
sheet metal (up to 
1 .625mm) 

Simple operation 

100% British 
Burr -free holes - 
no jagged edges 

57 Metric 
and Linear 
sizes (Lists on 
application) 

Used all over the world by Government services - 
Atomic, Military, Naval, Air, G.P.O. and Ministry of 

Works; Radio, Motor and Industrial manufacturers; 
Plumbing and Sheet Metal Trades, Garages, etc. 

Wholesale and Export enquiries to: 

"Q-MAX" ( ELECTRONICS) LTD 
44 PENTON STREET LONDON N190A Tel 01.2782500 

WW -021 FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

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 -on Hi" measures from + 100° C to + 500° C £20.00 
(VAT 8% EXTRA) 

Write for further details to 

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

('Phone 01 -837 7937) 

WW-024 FOR FURTHER DETAILS 
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HiFî Systems 
that GROW 
with you 

At last someone has come up with a flexible approach to quality 

hi -fi that doesn't become obsolete as you become more 

discerning. 
Take an initial standard 20W r.m.s. + 20W r.m.s. stereo and 

with simple modifications this can be expanded to give a 

powerful 40W -F 40W stereo system together with additional 
multi frequency rumble, hiss and stereo image width controls 

Currently available from stock: - 
Stereo Pre -Amp Module CP -P1 

2 channel pre -amplifier. 
` Ideal for use with record player, tape, microphone, tuner inputs etc. 

No external components required other than potentiometers for bass, treble, 

balance, volume controls and input selector switch. 
The CP -P1 is internally protected against accidental reverse power connection. 

PRICE £13.30 
+£1.66VAT 

Specification 
Input Sensitivity Signal /Noise 

Magnetic 3mV >70dB 
Tuner 100mV >70d8 
Tape 100mV >70dB 
Auxiliary 1 -100mV 60d8-70dB 

Impedance 
47kß 
10kR 
10kR 

200kR 

Magnetic i/p overload: 33dB; 
Distortion:0 04% at 1kHz; 
Output: 1V r.m.s. into 10kß; 
Supply voltage: ± 18V nominal; 
Tone controls: Bass ±12d8 at 100Hz, 
Treble ±12d8 at 10kHz. 

Stereo Amplifier Module CP2 -15 -20 
The CP2 -15 -20 is designed to give either a 20W +20W stereo amplifier or 

alternatively a 40W single channel amplifier. 
No external components required. 
Safety features include built -in protection against accidental reverse power 

connection and thermal shut down facility to prevent over dissipation. 

PRICE £12.85 +£1.61 VAT Specification: 
Power output: 
40W r.m.s. into 8R. 1 channel; or 
30W r.m.s. into 1511, 1 channel; or 
20W r.m.s. + 20W r.m.s. into 40, 2 

channel; or 
15W r.m.s. + 15W r.m.s. nto 8R, 2 

channel 
Input sensitivity: 1V r.m.s.: Frequency 
response: 201-1z- 20kHz. at -3d8; Dis- 
tortion: 0 04% at 15W; Supply Voltage: 
+ 18V nominal; Size: 5' 1 x 4 x 1 25in. 
(130 x 102 x 32mm). 

Also available: - 
Audio Function Module CP-FG1 
For those requiring a wider range of facilities this module provides.- 
- Bass and treble filter controls including switchable cut -off frequencies for 

rumble and hiss reducnon PRICE £11.75 
Stereo separation control. 
Complete except for switches and potentiometers. + £1.47 VAT 

Power supply: Module CP -PS 18/2D 
Suitable for one 20W + 20W complete system. A 40W +40W system can be pro- 

duced using 2 power supplies. 
PRICE £5.75 +72p VAT 

These products carry a 2 -year guarantee / 
Cffp8k1 a 

d /\e 
DEPT W/W ka 

Ò, 13 HAZELBLRY CRESCENT / 
LUTON, BEDS. LU 1 1 DF / da 

OS 

Prices include full / ide` `t 
application data,/ /Sa`° 
post and <.e 

\P .( 
packaging. Ii etpSácreaed\o 

QeG\\v \Pcc 
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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 Millivohmeter 
,t 20 ranges also with variable control permitting easy reading of 

relative frequency response £60.00 

Sí452 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 -039 FOR FURTHER DETAILS 

Switching problems? 
Rely on Zettler. 

Producing 30 basic types Our product range 
of relay and 15.000 variants comprises. 
with regard to contact Low profile (flatform) 
stacks, terminals, energizing Timing Miniature Low 
current and contact contact capacity Herme- 
material, Zettler Is among tically sealed Stepping 
the largest manufacturers Mains switching Latching 
of electro- mechanical 
components. 

Contact stacks - Solenoids 

Impulse Latching Relay 
AZ 340 

- . - I I- Make contacts 
Resistive load 10 A, 240 V AC 

( 
. ¡.) Lamp load 8A:240 V AC. 

Compensated fluorescent tubes 

o i 
37A;240VAC 
Break contacts 

0.. ti'l'l .7_ Resistive load. 8 A;240 V AC. 
Lamp load 5 A; 240 V AC. 
Compensated fluorescent tubes 
3.7 A/240 V AC. 

) 
We resolve your switching problems rapidly and expertly Please 
contact us for further details. 

ZETTLERUK 

Zettler 

Brember Rnad 
Harrow, Mlddx. HA2 RAS Tel (01) 422 0061 

A member )f the worldwide ZETTLER electrical engineering group. ent 18 /1 
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DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35 40 

TermiNet 30, 300 & 1200 (30 and 1 20 cps) 
Teleterm,1 132 and 1200 series (portable /fixed 30 cps) 

with integral coupler and RS 232C) 
Other page printers (by Siemens, ITT Creed, etc.) 

* Spares, repairs, overhauls and maintenance * Other types and models available 
* Refurbished units also available 

* Short and long period rentals 
* Minicomputer interfaces 

* Quantity discounts 
* Immediate delivery 

TELEPRINTER EQUIPMENT LTD. 
70 -80 AKEMAN STREET 

TRING, HERTS., U.K. 

Telephone 0442 -82 -4011 8111 
Cables RANNO Tring .... 
Telex 82362 
A/B Batelcom Tring 

WW -014 FOR FURTHER DETAILS 

Auc io versatiliy by TWEED 
The Tweed Twin -100 Monitor Power 
Amplifier - designed for a high peak 
output capability, this robust amplifier 
delivers 100 watts per channel into 8 
ohms. Full performance specification on 
request. 

If you require superb quality, top performance, proven 
reliability and electronics designed with music in mind, 
write or phone: 

TWEED AUDIO 
ROSEWOOD INDUSTRIAL ESTATE L ISO 
ROXBUROHSHIRE SCprLAND PROM- 1983 SrOOS »2 

Specialists in Audio Control Equipment for the Broadcast and Sound Recording Industries 
WW -015 FOR FURTHER DETAILS 
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RADFORD 
HIGH PERFORMANCE AMPLIFIERS 

for the enthusiast and professional 

ZD22 Stereo Pre -amplifier Control Unit 
A stereo pre -amplifier of virtually zero distortion. Inputs for disc, tuner, and 

two tape machines, providing comprehensive recording and reproducing 
facilities. Sensitivities: Disc 1mV, and Auxilliaries 50mV., for 1V output. 
Exceptional signal /noise ratio. Output at clip level 18V r.m.s. 

ZD5O Power Amplifier 
A stereo power amplifier of all aluminium construction. Output of 110 
watts per channel into 4 ohms and 70 watts into 4 ohms at typically less 

than 0.002% distortion. 

ZD100 Power Amplifier 
A stereo power amplifier of all aluminium construction with high thermal 
mass and designed for continuous operation at high output level. Provides 

150 watts per channel into 4 ohms and 90 watts per channel into 8 ohms 

at virtually zero distortion. 

ZD200 Power Amplifier 
Characteristics as ZD100 amplifier but provides an output of 250 watts per 

channel into 4 ohms and 150 watts per channel into 8 ohms. 

H0250 Stereo Integrated Amplifier 
Uses ZD22 pre -amplifier with a power amplifier having a power output in 

excess of 50W per channel into 4 -8 ohms. Distortion: less than 0.02% at 

rated power, typically less than 0.01 %. True complementary symmetry 

output. Headphone output. Inputs: Disc, tuner, and two tape machines. 

Sensitivities: Disc 1 mV. Auxilliaries 50mV for 20W output. 

Full descriptive leaflets available from: 
RADFORD ELECTRONICS LTD. 

Audio Division 
Ashton Vale Road, Bristol, Avon BS3 2HZ. Tel: 0272- 662301 

WW -020 FOR FURTHER DETAILS 
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745 COUNTER TIMER 

DC -32 MHz 

FREQUENCY, PERIOD, TIME & TOTALISE 

±5ppm STABILITY @ 25°C 

- 745 COUNTER TIMER £88 + £2 p &p WW078 
Other products include: 

744 Counter Timer £79 WW 079 
643 Function Generator £95 WW 080 
643A Function Generator £79 WW 081 

631 Filter Oscillator £98 WW 082 

Delivery is normally ex -stock - telephone for confirmation 

Prices correct at time of going to press, subject to change without notice 

OMB electronics, Riverside, Eynsford, Kent. Tel: 0322 863567 

TICK THE APPROPRIATE REPLY NO. FOR DETAILS 

TEAC, 
TEAC A3340 (S) 
4-CHA\\EL 
RECORDER 

Industrial version upgraded to studio requirements, 
with increased signal to noise performance and 

improved reliability. Four totally independent channels 
each with sel sync, input mixing, switchable VU's and 

all the facilities for easy multitracking. This industrial 
model is in more studios than any other version. 

Available only from ITA 
(Semi -pro version also available) 

IMMEDIATE DELIVERY 

Industrial Tape Applications 
WW - 072 FOR FURTHER DETAILS 

REVOX 
REVOX A-700 SERIES 

The new big 
Revox - lib. V ideal for all 
studio re- 

'. quirements. ' - Highly so- 
phisticated 
design fee- 

_ 
. 

lures in- 

clude servo 
tape tension, - 

full deck 
nests mass M-W logic, crystal 

controlled 
servo elec- 
tronics. 3 
speeds, tape 
footage 

,counter 

i 
s11111110s 

- 

IMMEDIATE DELIVERY 

A77famhas A-77 SERIES Mk4 
been consis- 
tently im- 
proved over 
the past 8 
years and 
is now avail- 
able in the - 
latest Mk. 4 
version. 
The wide 
choice of 
specifications 
includes 
versions for 
duplicating 
and logging 
applications. 
Backed by 
UK's latest 
fastest ser- 

ITA 10 4 
MODULAR MIXER 

Ten balanced inputs; four output groups, 4 limiters 

bass mid and treble EQ, modular construction.. 
headphone monitoring. Extremely high quality 
construction only matched by mixers costing around 

£1,000. 

10-4 

20-4 

EIGHT OUTPUT 

Hire service. Check our prices 

IMMEDIATE DELIVERY 

£690 
£1190 
£1260 

IMMEDIATE DELIVERY 

Also available for hire 

PRICES EXCLUSIVE OF V.A.T. 

5 Pratt Sheet, London NW1 OAE 
Telephone: 01 485 6162. Telex: 21879 
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this 25MHz dual traòe, dual sweep ,clear 
display, 

al performance atile scope 
The D67A 
a WORLD PREMIERE 

Capable - that's our scope 

If you use oscilloscopes, you should know 
about the D67A, one of the newest in a strong 
cast of star performers from Telequipment. 

Superbly engineered, elegantly styled, this 
robust and compact oscilloscope captures the 
spotlight with its 25MHz bandwidth, its dual 
trace dual time base versatility and an extensive 
repertoire which includes delayed and mixed 
sweep routines. Sensitive, (up to imV /div) yet 
without a trace of temperament, due to F.E.T. 
input circuitry. High speed presentation, (up to 
.}ons /div) with excellent timing ( ±3% to +5 ° ) -a blending of talent and technical expertise 
that could come only from a Telequipment 
production. 

You will applaud it on performance and encore 
it on price. Secure your front row seat today, ask 
us for a brochure and a demonstration. 

Tektronix U.K. Limited, 
P.O. Box 69, Beaverton House, Harpenden, Herts. 
Tel: Harpenden 63t4i Telex: 25559 

TELEQUIPMENT 

WW - 050 FOR FURTHER DETAILS 
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Morse keyboard 
Amplifier distortion 

Front cover, by Paul Brierley, 
shows a Tektronix B32 
oscilloscope with modules 
opened out for servicing. 

IN OUR NEXT ISSUE 

Viewdata, the Post Of- 
fice's textual information 
system using the telephone 
line and the tv set. First of a 

series explaining how it 
works. 

Transient intermodula- 
tion distortion. An article 
by Bert Sundqvist argues 
that use of a very large 
bandwidth in a power 
amplifier is not the only 
way to avoid transient 
intermodulation distortion. 

Nickel cadmium cells. 
Reviving these re- charge- 
able cells, which are some- 
times found to be unreliable 
and short -lived. 

Iibpal 
8oartv 

ABC 
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New portable DMMs. 

Only Fluke make them- 
only ITTsell them. 

New Fluke DMMs Fluke have 
introduced two new digital 
multimeters. That is big news in 
itself, because when you are already 
producing the best selling 
instruments on the market, how do 
you bring off another success? 
The answer has been to take an 
outstanding specification and shrink 
it into a truly portable instrument. 

True RMS a.c. This is the most 
important feature - especially when 
you realise that it is incorporated 
in a battery operated instrument that 
measures less than 6 x 5 x 2'1/2 in. and 
weighs only 2' lb. It means that you 
can take lab. quality measurement 
out in the field, free from the shackles 
of size, weight and power points. 

Two versions - 8030 & 8040 
Both models offer five ranges over 

five measurement functions and 
include autozero. The 8030 is a 311/2 

digit instrument with a useful diode 
test facility. The 8040 has 4',2 digits 
and incorporates autoranging. 

The only way to buy Both 
these briefcase sized DMMs are 
available from ITT Instrument 
Services; and from nobody else, not 
even from Fluke. Which brings 
together the best sellers among 
portable DMMs and the biggest 
name in the instrument distribution 
business. That means no -delay 
telephone ordering, streamlined 
internal processing, and delivery 
from stock. 

Ask for a spec. sheet now. Or 
better still, get ITT to arrange a demo. 
You will be more amazed by the 
performance than the price! 

ITT 

1 Fill in this coupon for your copy of ' 

the data sheet on the 8030 and 
8040 and send it to: 
ITT Instrument Services. 
Edinburgh Way, Harlow, Essex. 

Name 

Company 

Address 

Tel No J 
instrument services 

The only way to buy. 
Harlow (0279) 29522. 
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The case for Citizens' Band 

Over the past year we have published many letters arguing for and against the 
establishment of Citizens' Band radio in the UK. In this issue is an article which 

explains and interprets the current attitudes of the interested parties including 

the Home Office. One thing that emerges clearly from all this is that the decision 

whether or not we should have CB in Britain will not be a technical decision, 

although technical facts are being used to support various points of view. It will 

be a decision based on value judgments of the public's presumed needs and 

wants. If an overwhelming case could be made that the public wants CB, then 
the technical means (frequencies, transmission mode etc.) would be found 

without much difficulty. 
It is, of course, the Home Office that decides. At the moment their attitude is 

that CB would be seen as "a luxury we can ill afford" when it is already difficult 

to meet all the frequency requirements of public services and commercial users 

(March 1976 issue, p.54). That CB is a luxury is clearly a value judgment. We 

must accept this view in so far as the Home Office makes its judgments under the 
aegis of a democratically elected government. But we do not have to agree with 

it. In the first place, one of the public services with which the Home Office is 

concerned is broadcasting, and in so far as much of this is entertainment, it, too, 

is a luxury. Why can we afford broadcasting, with its hundreds of megahertz of 

spectrum occupancy, and not CB? 
The radio spectrum is a natural resource, like air and water, and it is a 

fundamental principle that all members of the public should have access to it 

under properly regulated conditions with policing as necessary. We all have 

access in the case of public broadcasting. That access is permissible by personal 
radio communication is already accepted as a principle in the case of the radio 

amateurs and those who have radio telephones in their cars. There is no reason 
why access by Citizens' Band personal radio communication should be denied. 

The fact that CB as we know it in the United States is predominantly a "fun 

thing" and can be criticized as frivolous is beside the point. After all amateur 
radio is basically a hobby, a form of entertainment, and much of broadcasting is 

undoubtedly frivolous. If it can be shown that a substantial number of people in 

the UK want Citizens' Band radio then the means should be made available for 

them to have it. At the same time, one cannot but agree with the Radio Society of 

Great Britain that the administration must be able to exercise complete and 
effective control. 
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The citizens' band debate 
Reporting the attitudes of the UK protagonists 

By John Dwyer 

If citizens' band radio is never heard 
of again at least it will have given us 
something other than Denis Healey to 
remember 1976 by. In America the 
growth in the c.b. market, worth S1.5 
billion in 1975 if accessories are 
taken into account, has left its 
administrators breathless. As a 
comparison the entire US record 
industry was worth $ 1 billion. On this 
side of the Atlantic the interest in c.b. 
has been largely expressed by news- 
papermen and television pundits: 
what the man in the street thinks 
about it, or whether he would even 
know what it was, remains obscure. 
More certain is that those who 
supervise radio here aren't keen to 
see his interest develop. The Home 
Office regard c.b. as a kind of 
electronic hula hoop, a vulgar catch- 
penny diversion, the pressure for 
which will evaporate as soon as it 
becomes clear that they intend to 
adhere to a strictly -controlled, high - 
quality communications service. 
Those the Home Office descry across 
no- man's -land are just as determined 
that this time the bureaucrats will be 
routed. 

The protagonists in the controversy are 
the Radio Regulatory Division of the 
Home Office (the successor to the 
Ministry of Posts and Telegraphs, itself 
the successor to the Postmaster Gener- 
al's office); the Radio Society of Great 
Britain, which is the largest body 
representing amateurs; the manu- 
facturers (whether those who would 
like to supply for or make c.b. equip- 
ment, or those who already make other 
kinds of communications equipment, 
generally represented by the Electronic 
Engineering Association); the mobile 
radio users; and the general public. 

At the moment there are two Acts 
which prevent the use of citizens' band 
equipment: Section 1 of the 1949 
Wireless Telegraphy Act prevents the 
installation and use of any piece of any 

wireless telegraphic apparatus without 
a licence; and Section 7 of the 1967 
Wireless Telegraphy Act gave the 
Postmaster General powers to intro- 
duce prohibiting orders at any future 
time to prevent the spread of equipment 
that caused interference to licensed 
users of other apparatus. It was as a 
result of this latter Act that, on April 1, 
1968, the Postmaster General, Mr Ed- 
ward Short, issued Statutory Instru- 
ment 61:1968, the Radiotelephonic 
Transmitters (Control of Manufacture 
and Importation) Order 1968. This 
prohibited the making or importing of 
radiotelephone equipment which trans- 
mitted on any frequency between 26.1 
and 29.7MHz and 88 and 108MHz. It was 
aimed at 27MHz walkie- talkies from 
Japan which had begun to appear as a 
result of the introduction of the Class D 
citizens' band on that frequency in the 
United States ten years before. In 
addition to these two Acts the Post 
Office Act, 1969, gives the Post Office a 
complete monopoly of electromagnetic 
communication. If the letter of this Act 
were ruthlessly pursued one presumes 
that it would make illegal, among other 
things, the red rear lights on cars and 
bicycles. 

Note that there is no provision 
preventing the sale of c.b. equipment. 
5161 dealt with the immediate problem 
but took no account of the fact that c.b. 
sets with a 29.8MHz channel crystal in 
them could be imported, then sold with 
a 27MHz channel crystal in them. It is 
probably safe to say that that is how 
most of the c.b. sets freely available in 
shops came to be there, and equally 
justified to assume that the Home Office 
wished there were some effective 
method of preventing their sale. 

Any introduction of c.b. in the UK 
would bring these sets back into legal 
use, especially if 27MHz a.m. were to be 
adopted. Once you admitted the legal . 

use of two way radios it would be 
difficult to tell which were new, 
approved sets and which had come in 
before or during the ban. 
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The Home Office view 
There is a further legal flaw in the 
Wireless Telegraphy Act in that, alth- 
ough it is illegal to use equipment 
without a licence, the Act requires that 
an offender be caught in the act of using 
it, something that makes the Act quite 
difficult to enforce. 

Students of official inconsistency 
should note that despite our prohibition 
of the import, manufacture, installation 
or use of even the 100mW walkie- 
talkies that need no licence at all in 
America, Customs and Excise have 
overcome their distaste sufficiently to 
issue a notice (VAT News No 8) 
showing that walkie- talkie radios "of a 
kind suitable for domestic or recrea- 
tional use" would attract the higher rate 
of value -added tax. 

The Home Office view is that at the 
moment the 27MHz band cannot be 
used for c.b. because it is already 
occupied by model controllers and 
paging systems, including some in 
hospitals, as well as all sorts of other 
non -speech devices. More important, 
the frequencies just aren't available to 
put either them or c.b. elsewhere. The 
performance of the transmitters would 
have to be good if they were not to 
cause gross interference and over- 
crowding, as they say has happened in 
the United States. That would put the 
cost of the sets up to the point where the 
system defeated its own object. There 
had been gross overcrowding in the 
United States and a lot. of illegal use, 
both in the sale of unlicensed sets and in 
the way the sets were used. The use of 
the radio spectrum had to be ordered 
and the Home Office would have to 
agree the use of any unallocated 
frequency with France, Holland, Ireland 
and Scandinavia. With all the chaos in 
America, they say, it would need an 
army to police the thing properly. "We 
don't want to deprive people at all," a 
spokesman said. "It's the art of doing 
what is possible." Even for business use 
there was a limited amount of space 
available, saturation might be reached, 
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and "business use is more important 
than private chit -chat." 

Citizens' Band Association 
Indeed a recurring theme in the opposi- 
tion to citizens' band was that somehow 
the use of radio was justified for 
commerce but not for mere private. 
communication. C.b. is thought a 
"trivial" use of radio, even though 60% 
of the spectrum between 30 and 
1000MHz is taken up by broadcasting, 
mostly used for entertainment. But 
Redifon managing director John Brink- 
ley found the argument about over- 
crowding shaky: "Experience hasn't 
shown this. People are going for this in a 
big way and they don't spend the money 
unless they are getting use and enjoy- 
ment out of it." The secretary of the 
Mobile Radio Users' Association, which 
represents commercial users of private 
mobile radios, Alan Ford, thought that if 
the bands allocated to c.b. became 
overcrowded this would be "self -cor- 
recting" and might encourage the use of 
more sophisticated radio. Speaking of 
the illegally imported c.b. sets already in 
use he said, "We have so far not had a 
complaint of interference from any of 
these devices from any of our mem- 
bers." Although J. O. Stanley, chairman 
of the Air Call radio telephone 
answering service, is opposed to the 
introduction of citizens' band radio, he 
said it "wouldn't affect our paging 
service ", and Brinkley agreed that the 
problems with the hospitals could be 
overcome. Not so easy to deal with 
would be the radio modellers, whom the 
Home Office says number 40,000, but 
this assumes that any British c.b. 
service would be on 27MHz a.m. 

James Bryant, applications manager 
of Plessey Semiconductors, said he 
formed the Citizens' Band Association 
because "I saw that the other groups 
were campaigning for 27MHz and I felt 
that this was a mistake. I became very 
worried about the Home Office attitude. 
They would dig their heels in until 
forced to change their minds by a 
change of government or a change of 
minister, even, and would go for 
27MHz." 

He proposed 40, 25kHz channels at a 
power of 2W on f.m. with an audio 
bandwidth of 3.4kHz and specified tight 
tolerances on maximum deviation and 
spurious emission. Where would the 
frequencies comé from? "There are gaps 
between some of the tv channels. The 
v.h.f. channels are no longer very 
heavily used. There is 6MHz between 
channels that is allocated and not used 
. .. We are not broadcasting in this 
country between 100 and 108MHz. The 
police are there but they're moving out 
and there would be no harm if they kept 
back a megacycle there, but broadcast- 
ing will hold on to that on the basis that 
what you have you keep." 

Why not f.m.? 
What was his objection to 27MHz? 
"27MHz has lots of long -range radiation 

problems, and it would put hundreds of 
thousands of pounds' worth of model 
control equipment out of service. He 
advocated a strict licensing policy. 
"Each set would have a built -in station 
identification signal. It would be the 
duty of the person selling the equipment 
to copy the auto ident from the bottom 
of the set on to a form which he has for 
sending off to the Home Office." The 
person responsible for the set would be 
the last registered owner. If you didn't 
register the new owner you were liable. 
There would be penalties for the sale of 
non- type- approved sets without the 
auto ident. 

It has frequently -been said that the 
American Federal Communications 
Commission, given the chance again, 
would go straight for their proposed 
Class E system. This, at 220MHz, would 
provide 80 f.m. channels designated for 
specific uses. The 27MHz band, which 
the FCC hopes will eventually be turned 
over entirely to 80 single -sideband 
channels, is being expanded from 23 to 
40 a.m. channels from January 1, 1977. 

Pye Telecommunications, in their 
Pannell report suggesting mobile radio 
frequency allocations for the 1979 
World Administrative Radio Confer- 
ence, say that for any c.b. system set up 
in the UK, "a likely solution may be that 
section of the band currently being 
considered by the USA, namely 220 to 
225MHz," but add that there may be 
some advantage in the use of a lower 
portion of the v.h.f. band "and that part 
of the band just above 100MHz would 
seem to offer a compromise between 
range, interference possibilities, anten- 
na size, etc ". 

The Japanese 
One of the Home Office's comments on 
all this was that any c.b. set which had 
all the features Mr Bryant wanted to 
incorporate would cost "more than 
personal mobile radio." Mr Bryant 
doesn't think so: "High or low band, you 
could do it for under £80. In the US, a.m. 
sets meeting the FCC spec (which is 
tough) are imported f.o.b. for under $40. 
They sell for about $100. In some 
respects it's easier to make an f.m. set 
than an a.m. set. Less tuning is needed. 
Land mobile sets have to be made 
broadly tuned and then specially tuned 
individually to the frequency allocated 
to the customer. C.b. sets are all the 
same." 

But there are those who think, as 
John Brinkley does, "that it might be 
quite wrong to do it on a pattern 
different from the American pattern." 
Alan Ford of MRUA agreed: "I'm not 
convinced of the objections to 27MHz," 
and his view was even echoed by a 
Home Office source who said, "I don't 
know that the American way of doing it 
isn't the right way ". Brinkley thought 
there were sound commercial reasons 
for sticking to. 27MHz which would 
,outweigh any threat from Japanese 
imports: "I'm against getting up some 
grotty special that we sell to nobody. 
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We could become a prime exporter, and 
I would hope that if an intelligent and 
constructive view of c.b. is taken by the 
administrators and industry we could 
get a good result without creating a 
spec that you can't sell elsewhere." 

The threat of Japanese imports looms 
large in the thoughts of those who have 
considered c.b. Bryant suggested that a 
c.b. service on f.m. in the v.h.f. band 
would preserve us from the worst 
effects of Japanese competition and 
would make sure that the sets used here 
were of a high standard. Others who 
have been to America say, on the 
contrary, that the standard of Japanese 
sets, which account for up to 90% of the 
market, is very high. "We are con- 
cerned," said Roy Pierce, managing 
director of mobile radio communica- 
tions equipment makers Burnd t, 
"that if we do establish a new type f 
market that UK industry has at least a 
equal chance in supplying this market 
This can be achieved either by tari 
barriers, to which I am generally 
opposed, or by specifying the 
requirement in a way which starts our 
development off on an equal basis." 

Does allocation equal use? 
Elsewhere it has been suggested that 
the specification for the type -approval 
of sets might be used, as safety regula- 
tions already have been, as a trade 
barrier. J. O. Stanley didn't think this 
was either a good idea or that it would 
work. "The Japanese would get type - 
approval, the good Japanese anyway." 
More fundamentally, our World of 
Amateur Radio columnist, Pat Hawker, 
wondered, "How are we justified in 
saying we don't want Japanese equip- 
ment in ?" Brinkley thought public 
access was much more important: "In 
considering whether there should be 
c.b. or not the most important thing is 
whether it would be useful and valuable 
to the public. It's important but it's not 
the first consideration as to whether 
imported equipment should be eligible." 

There was widespread agreemeiít 
that the spectrum was poorly used and 
that the Home Office had confused the 
availability of frequencies with the fact 
that they were "allocated ". However, 
our Home Office spokesman did admit 
that "there are parts of the spectrum 
where allocation is not entirely satis- 
factory." Also recurrent was Bryant's 
and Pye's suggestion that the allocation 
of Band I might be transferred to 
two -way radio. It appears that we are 
one of the few countries in the world 
that uses television channel I, which 
often turns up under freak conditions in 
Australia and South Africa. J. O. 
Stanley feels strongly about Band I: "To 
have 405 -line channels warming the 
ether for the benefit of a couple of 
thousand sets that are mainly in the 
Western Isles is indefensible." 

The amateur view 
The Home Office have tried to make 
clear that the only frequencies that 
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could be used for any future citizens' 
band would have to come from the radio 
amateurs. They must know that this is 
untrue, but it would be considerably 
easier to nip the c.b. fad in the bud if the 
amateurs thought they might suffer 
from c.b. and so mobilised themselves 
against it. The amateurs are very 
influential and have considerable pres- 
tige. 

British amateurs seem to have mixed 
feelings about c.b. I have yet to meet 
one who is opposed and one even wrote 
to this journal to suggest that his 
colleagues ought to give up some space 
to it, but others have said that some 
amateurs are bitterly antagonistic to 
c.b. In the United States they formed a 
"Save 11" campaign to oppose their 
being moved from the 27MHz (11m) 
band. A similar feeling is developing 
over amateur space above 200MHz. 
Amateurs are all too aware that there 
are 250,000 of them sharing 42MHz of 
American radio space, while around ten 
million c.b. enthusiasts have only 
250kHz. 

Some ill- feeling was also caused in 
the early days when misdemeanours by 
c.b. users were attributed by ignorant 
journalists to radio amateurs. Coupled 
with this is a notion shared by a number 
of amateurs here that they are an elite, a 
select group who, unlike others, have 
earned by their knowledge and exe- 
rience the right to transmit and take a 
pride in doing so responsibly. The 
thought of anyone being allowed to use 
radio without having to take a test and 
for such trivial matters as seem to 
preoccupy its American users appals 
him because he feels it lowers his own 
status. 

But many amateurs already use their 
licences just as a citizens' hand licence 
would be used. Such amateurs are not 
interested in radio any more than was 
necessary for them to get their licences. 
They are less often inclined to join in 
what they regard as the esoteric chatter 
about technical matters that tends to 
preoccupy other users of the amateur 
bands. By law amateurs are not allowed 
to transmit business messages or infor- 
mation for or: about third parties. They 
also have to keep a log. The introduc- 
tion of c.b. would be the excuse for a lot 
of these amateurs to abandon their 
licences and many of the rest would not 
be opposed to their departure since the 
general level and status of the true 
amateurs who remained would be 
enhanced. There is also the hope that a 
generally- available, two -way or multi - 
way radio service might encourage 
those who had not had any previous 
contact with radio to find out more 
about it. 

In many European countries the 
relationship between the amateurs and 
the c.b. fraternity is said to be very 
close. In the German Federal Republic 
the amateur and c:b. magazines eman- 
ate from the same publishing house in 
Stuttgart. 

The Radio Society of Great Britain, 

with a membership of 19,000, about V3 of 
whom are listeners -only, out of a 
possible 20,000 or so, claims to represent 
all UK radio amateurs. When interest in 
c.b. first began to be shown in this 
country the RSGB wrote an editorial in 
their journal, Radio Communication, 
saying that "At the present time the 
opinion of the council is that no support 

- can be given to the establishment of a 
communications band in this (27MHz) 
part of the spectrum." The editorial 
reflected closely the present Home 
Office view, confining its discussion 
entirely to the impracticality of using 
27MHz, taking no account of the 
possibility of moving elsewhere, and 
pointing to the violations that had 
taken place in the US. No attempt was 
made to draw any comparison between 
the numbers of violators prosecuted 
and the total number of those using c.b., 
or to point to the occasions when c.b. 
radio had helped the police catch 
criminals or had saved life. 

During the months since that editor- 
ial was published last April, however, 
the RSGB has considerably changed its 
stance. The November editorial repeat- 
ed a statement issued by the Society at 
the beginning of October. "The RSGB is 
aware of the numerous items that have 
appeared on this subject in various 
journals both as correspondence and as 
feature articles. It is apparent that much 
of this material has been generated by 
those who will profit financially from 
the introduction of the facility rather 
than by potential users." 

The RSGB was "not opposed to the 
introduction of a short-range personal 
communications facility ", provided that 
its frequency and the equipment used 
for it were suitable - 27MHz was not 
because it was too near the 28MHz 
amateur band, it allowed long distance 
propagation and consequent increased 
interference during the sunspot cycle, 
and it interfered with television recep- 
tion in Band I. 

Significantly the editorial, unlike the 
statement said: "Having regard to 
equipment now available it would 
appear that a v.h.f. or u.h.f. f.m. service 
with power limitation, crystal control 
and type -approved apparatus could be 
suitable." 

One reason for the change slight 
though it may seem, is that, as RSGB 
General Manager and Secretary George 
Jessop explained, the Society might 
benefit financially from the introduc- 
tion of c.b.: "The administration of c.b. 
could be serviced by us out of which we 
could take money to support the 
amateur." The RSGB was not supported 
by any industry or organisation or by 
the government, he said, despite the 
charity work it did. No other organisa- 
tion was as well suited to ministering to 
the needs of future c.b. users, and the 
Post Office counter staff were already 
so overloaded that it was unlikely they 
would accept the extra burden of 
handing out c.b. licences. He thought 
27MHz was bad because with the 
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powers some of the Americans were 
using they could be picked up over here. 
As to where the service could be put he 
was non -committal: "Somebody has got 
to do a lot of homework; somebody 
needs to think about it, about whether 
it's going to be a useful thing." He was 
emphatic, however, that the spectrum 
wasn't full, and that the allocations, 
particularly those for the military, 
needed looking at. He would choose 
somewhere between 300 and 400MHz. 
"Between a quarter of a million and 
400,000 people would want this, facility 
and this would be a dreadful thing 
unless it were properly controlled, but I 
can't see how you can stop people 
having access to a legitimate develop- 
ment." 

The military 
The Home Office has no control over 
frequencies used by the military, and so 
any mention of these is notably absent 
from discussion of possible candidates 
for a c.b. slot. But it was surprising how 
often those who might have been 
expected to defend the amount of space 
the military has access to suggested, 
without prompting, that the military 
were not using their frequencies pro- 
perly. From other sources it is widely 
known that the forces leave 10MHz of 
the 225 to 400MHz band fallow because 
these frequencies are also used by 
countries signatory to the Warsaw Pact. 

Our forces operate their allocations as 
what one observer called "a mobile 
radio right of way ", meaning that as 
long as they were used once a year or so 
the military had established their right 
to keep them. In the case of the "red" 
10MHz, when it is used, usually on an 
exercise, the arrangements are agreed 
secretly in advance with the Warsaw 
Pact. The Ministry of Defence will not 
confirm or deny any of this information 
on the grounds that it is classified, but 
their NATO allies across the Atlantic 
have publicly acknowledged that, apart 
from objections by Canada and Mexico, 
one of the difficulties about establishing 
a Class E service in America was that 
the US Army used it for radar installa- 
tions and tracking stations. There is no more depressing contrast between 
American ' government and our own 
than that, in June, the acting assistant 
director of the American Office of 
Telecommunications Policy, Edward 
Probst, announced the OTP's intention 
to examine all federal government 
frequencies between 50 and 900MHz as 
a direct result of the pressure for more 
space for citizens' band. 

Since the technical objections to 
citizens' band could, on balance, be so 
easily overcome, why is the Home 
Office so steadfastly refusing to allow 
it? One suggestion, made only half - 
facetiously, was that most of those 
concerned with such matters are due to 
retire in 1979 and don't want to face the 
effort of introducing c.b. before their 
successors take over. There's no doubt 
that a lot of work would be involved, 
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but one is forced to ask who pays for it 
to be done. 

Security 
The real reason for the Home Office 
attitude may be a concern for internal 
security. Many of those opposed to c.b. 
see it being used for bank robberies and 
other capers, and one explained: "I can't 
see the army in Northern Ireland being 
all that pleased if everybody over there 
had walkie- talkies, can you ?" One 
informed commentator noted that in 
Northern Ireland the Wireless Tele- 
graphy Act was a dead letter even for 
the security forces. Deeper down is a 
political worry. It hasn't escaped the 
notice of civil servants that the begin- 
ning of the c.b. boom was its use to 
block roads during a strike. 

Many are worried about its use at 
demonstrations. The magazine Autocar 
said in August: "Naturally, it is an 
opening to what some would call misuse 
of radio, warning other drivers of police 
speed traps - with which we are in 
sympathy - in another, lone case, to 

co- ordinate a riot, with which we are 
not." 

Others argued that if rioters killed as 
many people as motorists did then we'd 
be under martial law. As to the illegal 
use of c.b., Redifon managing director 
John Brinkley said, "Bank robbers and 
people like that are going to have 
two -way radios anyway, whether 
they're legal or not. Two things would 
prevent their use for such things if you 
had a citizens' band: firstly the polite- 
ness and formality of the operators; and 
secondly you're on an open circuit and 
everybody can hear everybody else." 
The police in America were in favour of 
c.b. and put sets in their cars, he said., 

The Home Office believed that the 
police in the United States didn't like 
c.b., partly because it interfered with 
their communications. On the other 
hand, according to Tom Graham, editor 
of Canadian Transceiver, writing in 
Electronics Today International, the 
Ohio police have done a survey which 
"proved conclusively that c.b. mobile 
operators are a positive benefit to the 
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general public." The state of Mississippi 
has installed c.b. transceivers in 140 
patrol cars and one report, in The 
Sunday Times, has said that their police 
rapidly caught 21 fugitive lawbreakers 
and 221 other offenders as a result of 
tip -offs from c.b. users. The state of 
Missouri has installed c.b. radios in all 
750 patrol cars. In Atlanta, Georgia, a 
man with c.b. in his van spotted a car 
that c.b. messages had told him was 
carrying three men who had just killed a 
policeman. He rammed it, causing the 
three to be arrested. The New York 
police are reported to be working with 
the local Radio Emergency Action 
Citizens' Team (REACT). 

Social effects 
A visitor to the United States even 

noted a profound change in social 
attitudes: "If you want to pass on a 
message people relay everything for 
you. Everyone's falling over themselves 
to be helpful to each other. And you 
know what motoring is like. The motor 
car itself is a selfish thing. Drivers used 

Growth in applications for licences 
to run citizens' band radio stations. 
Source: Federal Communications 
Commission. 
The astonishing growth of CB iii 
the United States is usually 
attributed to the oil crisis of late 
1973. This led to fuel shortages and 
55 m.p.h. speed limits on the 
inter -state highways. For the 
truckers, who had already been 
subjected to a price and wage 
freeze at a time of rocketing costs, 
the speed limit was the last straw, 
and they went on strike. 
Millions of Americans saw news 
bulletins showing truckers with 
two -way radios mobilising their 

blocking of the tollgates and 
inter -state highways, and 
motorists bought CB sets to hear 
the truckers telling one another, 
after the strike was over, where 
scarce petrol and predatory patrol 
cars could be found. Our graph 
shows that the reduction in the 
licence fee also had a pronounced 
effect at a critical time, and the 
significance of this is unlikely to be 
lost on the administrators of any 
citizens' band service that is 
established here. In America there 
is already talk of putting the fee 
back to the original $20. 
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not to care about one another, but a 
friend of mine said to me, `We're all 
talking to each other now'." An article 
in the New York Times Color Magazine 
predicted, "If the people who regulate 
its use can prevent it from becoming a 
monster, it might well have a cultural 
and social impact on American life 
almost as profound as the last electronic 
communications gadget to sweep the 
country - the television set." 

One of the most compelling weapons 
that the pro -c.b. lobby has in its 
armoury is that it would provide 
farmers, doctors and others with a 
method of continuous communication. 
The Home Office counter this by saying 
that such people already qualify for 
personal mobile radio, since they can 
prove a case for using it for business. 

Those in the mobile radio industry 
have little but praise for the way the 
Home Office administers mobile radio: 
"It's not that bureaucratic," said Roy 
Pierce. But the difficulty with p.m.r. is 
that you have to prove your case for 
having it, you need to spend a great deal 
of money on the equipment, and, even 
more important, no real effort is being 
made to encourage its use. The Post 
Office radio telephone has a similar 
drawback in that it is not widely 
advertised in Post Offices. The advan- 
tage of citizens' band would be that the 
sets would be so cheap and so easy to 
get that nothing need stop the district 
nurse, the pensioner, the doctor, and the 
housebound from getting them; for the 
last in the list the telephone is no use 
unless you have someone to phone or 
are phoned. C.b. would enable them to 
talk to the outside world, not just 
members of their own circle. Getting 
p.m.r. is so difficult, several sources told 
me, that very often the supplier has to 
fill in all the forms for the customer. 

Selling p.m.r. seems quite difficult. 
With another product a customer is 
usually reacting to having seen 
someone else using it and wanting to try 
it out. The p.m.r. salesman can't let the 
customer near the set until a frequency 
has been allocated by the Home Office. 
Mobile radio frequencies are so short 
that the authorities have to work out 
complicated regional variations which 
take account of the greater demand for 
frequencies in areas that are already 
congested. This can take nine months. 
All of this applies equally, of course, to 
the amateur, who has no opportunity to 
try radio out before he has been through 
all those tedious exams. 

But who can use it? 

If c.b. were allowed there is a danger 
that the big users of mobile radio, from 
taxi firms to the electricity, gas and 
water authorities, British Rail, large 
petrol companies and, to a lesser extent, 
the fire and ambulance services, might 
in these inflationary times turn to c.b. 
rather than carry on with p.m.r. This 
explains the reticence of some of those 
in the industry. For the users Alan Ford 
said: "We can see problems and we can 

see advantages. Over 80% of mobiles in 
this country are owned by our 
members, on our estimate. Anything 
that harms them we are against. But if, 
as I suspect, the introduction of citizens' 
band in the UK were to make the public 
generally more radio conscious then 
this could clearly be an advantage, and 
could only be a good thing for radio 
users and the industry." 

The chief concern of the mobile radio 
industry is the effect it would have on 
their businesses. Mr Stanley thought 
c.b. "about as likely to happen as the 
nationalisation of the banks." He 
wouldn't welcome its coming because 
of the shortage of frequencies and the 
need, with mobile radio growing at 15 to 
20% a year, for p.m.r. to get more. He 
agreed however that "there are a lot of 
channels that have got to be utilised 
better," and that a lot of groups, the 
newspapers, the Post Office and so on, 
"have generous allocations that they 
are using less efficiently than they 
could." But he said he was against 
anything that gave radio a bad name. 
"The amount of damage c.b. does and 
the bad reputation it gets is worse than 
the amount of selling it would get." 

Pye Telecommunications said they 
had not committed themselves one way 
or the other. "We are taking a consi- 
derable interest in what's happening in 
America," sales promotion manager Bill 
Wheel told me. "If it were to come in 
with a bang we would want our share of 
it, but whether we would actively 
campaign for its introduction is another 
matter." Like Mr Stanley he was 
worried that it might "give the wrong 
impression of mobile radio." It was a 
totally different business, as demon- 
strated by the high Japanese interest in 
it: "They want something that can be 
made in thousands and put in a box with 
their label on it, and they have no 
interest for what use that is put to after 
they sell it. C.b. falls into that category. 
They're looking for mass production 
goods that can be sold over the counter. 
That's not our business because we as 
professionals provide a professional 
service in the design, installation and 
maintenance of whole systems." 
It's not on 
Paradoxically there are many, many 
reasons why c.b. will never be allowed 
here and just a few, though they are 
compelling ones, why it is inevitable. As 
we have seen, the technical objections 
can be overcome, if the will is there. The 
greatest obstruction is that the will is 
absent. To begin with, although the 
American and European citizens' radio 
services take advantage of the 27MHz 
spot frequency assigned by the ITU to 
"industrial scientific and medical" use 
on the condition that users accept any 
"harmful interference that may be 
experienced," there is no mention of 
citizens' band radio or anything like it in 
the document published after the last 
conference in Geneva in 1959. As far as 
the international control of radio is 
concerned, therefore, Citizens' band 
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radio does not exist. The countries that 
operate a service are taking advantage 
of another agreement made in Geneva 
that countries may use frequencies 
allocated elsewhere provided such use 
has no effect outside their own borders. 
It was because of this provision that the 
FCC had to shelve their plans to 
introduce a Class E service on 220MHz. 
Canada and Mexico said it would 
interfere with their television services. 

It is not entirely realistic to say that 
because other countries can operate a 
citizens' band service there is no reason 
why we should not. There are several 
important differences between condi- 
tions in Europe and the United States. 
Nearly all of the European "Public 
radio" services are run by small busin- 
essmen and are not as generally avail- 
able to the public as is believed. 

The social and political differences 
between the United States and the 
United Kingdom as they affect radio 
communications are not generally 
realised. The most elementary is that 
the United States has a written consti- 
tution, the first amendment to which 
forbids congress to pass any law 
restricting freedom of speech. The 
second amendment allows citizens to 
carry guns, and there would be 
something absurd about a national law 
which allowed its populations to carry 
0.45s and not walkie- talkies. America 
also has a Freedom of Information Act 
and a civil service which resigns upon 
the election of a new president. Conse- 
quently the government is more 
accountable than here. 

More fundamental even than these 
things, however, is that there had never 
been a government monopoly of radio. 
Planning of any kind, notably town 
planning, is suspect, and state owner- 
ship is anathema. This also applies to 
the American telephone service, which 
is shared, generally speaking, between 
the Bell Telephone Company and 
AT &T. Like our own telephone service 
it is profitable but, unlike our own, it 
does not have to support a costly postal 
service. For that reason, in many cities 
in the US, local telephone calls up to a 
certain number are free. Thus there is 
no reason to fear the undermining of the 
telephone service by c.b. in the States 
because the service is cheap enough to 
be accessible to everyone anyway. 

It must be remembered that until a 
year ago 15 of the 23 c.b. channels in the 
US were set aside solely for the use of 
calls between different transceivers 
belonging to the same station. These are 
the calls that would compete directly 
with the telephone service. The rule 
change by the FCC allowing intersta- 
tion calls to be made on any c.b. channel 
may be as much a reflection of the effect 
on the telephone service as on the need 
to ease some of the congestion on the 
other channels and the fact that, since 
so many people have them, fewer c.b. 
stations are now bought for intra -sta- 
tion communication. 
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The Post Office block 
What may worry the Post Office as 
much as the loss of local calls is that so 
much of its revenue is derived from 
recorded information services, which 
receive hundreds of millions of calls 
a year. If the American evidence is any 
guide at all, the motoring information 
service would be severely hit; 
information from a motorist travelling 
north along the M1 would be more 
reliable than anything the Post Office 
could manage. 

In addition the Post Office has just 
announced the extension of its own 
Radiophone service to Scotland. It now 
covers London, South Lancashire, the 
Midlands, East Pennines, Severnside, 
South East Wales and the North East of 
England. Motorists in these areas can 
call anywhere in the UK, principal 
towns in Ireland, the Isle of Man and the 
Channel Islands and most of Western 
Europe, the United States and the Far 
East. The cost of a local call, however, is 
8p a minute with 'a three minute 
minimum, and a trunk call costs 6p a 
minute over normal rates. These 
charges do not include v.a.t. 

This service is far too expensive for 
the normal "I'll be home in 20 minutes" 
type of message that the public could 
easily pass on with present technology. 
Even more significant perhaps is that 
the Post Office's Viewdata will, if it is 
ever introduced on a large scale, provide 
just that. Callers will be able to leave 
messages which will appear on the 
television screen. On present form the 
service is unlikely to be cheap, to us at 
any rate, and c.b. would affect it badly. 

The Post Office and the Home Office 
are likely to receive substantial support 
in their objections to c.b. from the BBC, 
who are now pressing for their own 
radio motoring information service and 
who wish to retain their Band I fre- 
quencies either for a "re- engineered" 
625 -line tv service or a dedicated 
teletext service. The broadcasting 
organisations in the USA have present- 
ed some opposition to the expansion of 
c.b. there on the grounds of excessive 
television interference, and Senator 
Barry Goldwater, no less, has retorted in 
congress that the trouble was not the 
poor quality of the transmitters but the 
poor standard of television set manu- 
facture. More worrying for the broad- 
casters here, perhaps, are US reports 
that local radio stations have been 
losing audiences since the c.b. explo- 
sion. 

Who wants c.b.? 
Another difference between here and 
America, and indeed between here and 
Europe, is that road distances are so 
much shorter. While it is true that the 
last twenty years have seen a massive 
motorway building programme, pro- 
viding less opportunity for drivers to 
have the company of hitch- hikers, the 
American trucker can travel for days in 

an unchanging landscape. It has also 
been said that Englishmen can be 

travelling in the same train for years 
and never talk to one another, that the 
Ameicans are more garrulous than we 
are, and that we are "too conservative" 
to make use of c.b. And social class is 
not based on the spoken word in the 
United States; one view was that a lorry 
driver and an executive would have 
nothing to say to one another. Yet 
another difficulty that occurs to people 
is that if you are one of the first people 
to have a c.b. set you will have very few 
to talk to. After all, c.b. had been 
dormant 27 years in the United States 
before it made any impact, although for 
much of that time it was available only 
on 456MHz. 

All these difficulties are insuperable 
unless public pressure for citizens' band 
radio becomes so intense that the Home 
Office is no longer able to resist it. There 
seems very little evidence that public 
pressure has reached anything near that 
point, and it is difficult at the moment to 
see how it ever could. Although the 
Citizens' Band Association had been 
going for something like four months 
when I spoke to him, James Bryant told 
me that he would get his hundredth 
member by the middle of the following 
week. That doesn't seem to show 
overwhelming public interest in c.b.: as 
one comment had it, "Last week I heard 
that a club had been formed for people 
who had walked from John O'Groats to 
Lands End. In a week 600 people had 
joined." 

The precedents for changes in 
telecommunications policy aren't all 
that numerous. One was the introduc- 
tion of commercial television and the 
other was the introduction of commer- 
cial local radio. In both cases the 
campaigns took a long time even 
though they were conducted on a 
massive scale by powerful industrial 
and financial interests who saw the 
money that could be made from adver- 
tising. There is no money to be made 
from advertising in citizens' band since 
the only possible form of advertising 
would be a sort of swop -shop on one 
channel. Even that might upset local 
newspaper and publishing interests, 
who have the ear of the Home Office 
because most use some personal mobile 
radio frequencies. 

Another crucial point is that in both 
those previous cases, as in most other 
things, the public were willing to back 
the lobbyists because they had seen the 
product and wanted more. In the case of 
commercial television they wanted a 
second channel to compete with and 
destultify the one they already head, 
and in the case of commercial radio they 
had heard the pirates and wanted more 
of the same. Until mobile communica- 
tions and two -way radio become so 
plentiful through normal p.m.r. use then 
the public will now know what they are 
missing. It was noticeable in America 
that it was not until people bought c.b 
sets to find petrol and dodge speed. 
limits, that they discovered they had 
other uses. 
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It is noteworthy too that after pirate 
radio began to operate in 1964 succes- 
sive Postmaster Generals, Bevins, Benn, 
Short and Stonehouse, were told that it 
was interefering with vital services. One 
comment on this was, "Had [the 
Postmaster General] known anything 
about it he would have known that this 
wasn't the case, but the same people 
that advised him are still advising at the 
Home Office." 

Distrust of the media 
At the moment there are some factors 
that may worry the Home Office into 
changing its position. The first is that 
the Home Office is split over attitudes to 
its entire policy, and its resistance to 
public accountability may not be as 
solid as its official statements suggest. 
Another sign that may help the" pro 
lobby is that many who expressed 
serious reservations for the record told 
me as soon as our interview was over: 
"Mind you, if it does come in I can't wait 
to get a set." Some of the mobile radio 
industry are already falling off an 
already- crowded fence; Pye's Pannell 
reports, their submission to the Home 
Office on frequency allocation, is 
broadly quite favourable to c.b. Last of 
all, though they sometimes seem to 
behave like it, those at the Home Office 
are not totally unameable to argument. 
The murrain that grips this civil service 
is that they do not understand, never 
mind sympathise with, the view that it 
is up to them to prove their case, and 
not up to us to prove ours. So far, on the 
arguments they have advanced, they 
could be said to have failed. What is 
wrong is that this will make no differ- 
ence. 

Citizens' band reflects a growing 
distrust in popular sources of informa- 
tion, a desire to tell one another what is 
going on without the intermediary news 
editors or tv chat experts. No less 
important is that the so- called triviality 
of the messages that are passed belies 
their importance. This is not just true of 
c.b. When a lorry driver is told over 
p.m.r. "There's a load of fish'eads 
waiting to be collected from Billings- 
gate," the deeper meaning of the 
message is "Do this and we'll make 
some money." The c.b. lobby cannot see 
why that is more important than giving 
a man or woman in a lonely community, 
which can exist in the middle of a city or 
in the unwelcome gregariousness of a 
traffic jam, the opportunity of talking to 
someone they haven't met, and going 
away feeling that the other person is 
just the same as they are. 

Whoever seeks to deny them that 
contact in a world that gets more 
difficult and dangerous by the minute 
had better have a good reason. 
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News of 
the Month 

Analogue quarts into 
digital pint pots 

The BBC is examining a digital 
frequency- division multiplex compand- 
ing process which may save enough bits 
to allow a 7kHz speech channel to be 
coded into a 64kbit /s bit rate. This is the 
bit rate for a single telephone channel in 
the national and international digital 
communications networks now being 
introduced, "and access to such chan- 
nels for data links and other purposes 
may ultimately be possible," say the 
BBC. 

The companding process, one of 
many the corporation is looking at, 
digitally compands programme com- 
ponents in three separate bands: up to 
1.75kHz; 1.75kHz to 3.5kHz; and 3.5kHz 
to 7kHz. Six bits are transmitted for 
each of the first two ranges and three 
for the third, "a near -instantaneous 
companding technique enabling 
moderately good speech quality to be 
achieved. Only a single 
analogue -to- digital converter is 
required, acting on the three audio 
bands in time -division multiplex." 

The sampling rate for the top two 
bands need not be twice the maximum 
frequency of the band concerned. Since 
they are only an octave wide, sampling 
each band at its maximum frequency 
yields alias components which meet but 
do not overlap the wanted part of the 
spectrum and which can therefore be 
eliminated by filtering. A similar effect, 
say the BBC, can be obtained less 
economically by frequency- shifting 
each band down to baseband before 
coding and restoring to correct fre- 
quency after decoding. 

Teletext and cable 

The Home Secretary has authorized the 
BBC and IBA to continue the transmis- 
sion of teletext services up to July 31, 
1979. (When started, BBC's Ceefax in 
1974 and IBA's Oracle in 1975, the 

services were intended to run only for 
an experimental period of two years.) 
Announcing this at the annual lun- 
cheon of the Cable Television Associa- 
tion, Lord Harris, Minister of State for 
Home Affairs, said: "We shall, of course, 
have to look again at the position in the 
light of any recommendations made by 
Lord Annan's Committee. But I hope 
that the extension of the authority I 
have just announced will encourage 
industry rapidly to provide equipment 
which can be put within the reach of 
members of the public at large." 

Lord Harris also said that, as a result 
of discussions between the CTA and the 
Home Office, it had been agreed that 
telext services will be available in 
decoded and modified form on some of 
the cable networks. This statement was 
in fact an authorization of what has 
been going on experimentally for some 
time at Swindon, Brighton and Hull. At 
the last- mentioned two towns, for' 
example, Rediffusion decode the tele- 
text signal at the distribution centre and 
put it out in analogue form on their h.f. 
network, using the BBC2 channel in 
those hours when the BBC is not 
transmitting programmes. Of course 
the subscribers cannot select pages 
themselves, and Rediffusion are using 
an automatic "page turner" which 
presents selected pages at about one per 
minute. 

In a statement issued after Lord 
Harris's announcement, the BBC said 
that television sets with integral Ceefax 
decoders would be available to the 
public during 1977 and at / least two 
manufacturers were beginning limited 
production of add -on adaptors which 
would enable viewers to receive the 
service on their present sets. 

Doping an amorphous 
semiconductor 

A p -n structure has been made from 
non -crystalline silicon by a group at the 
University of Dundee. This 
demonstrates that amorphous material 
can be doped by impurities, an achieve- 
ment not previously thought possible. A 
silicon film was made either p -type or 
n -type by the addition of boron or 
phosphorus, although more dopant was 
needed for this "amorphous" (glassy or 
disordered) film than would have been 
the case for the ordered, crystalline 
silicon used in present transistors and 
solar cells. The Dundee workers, under 
Professor Walter Spear and Dr P. G. Le 
Comber, deposited the silicon films by 
glow- discharge decomposition of silane 
(silicon hydride) on glass, using phos- 
phine or diborane as dopant gases. This 
is a well -known technique but this is the 
first technologically successful study of 
the product. 

They found that the conductivity of 
the films could be controlled in 
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unprecedented fashion. For amorphous 
materials, conductivity values could be 
varied over five orders of magnitude. In 
the past, amorphous semiconductor 
films, which can be deposited very 
cheaply, were not very useful because 
they would not conduct well enough for 
use in a device (excepting the abortive 
"Ovshinsky devices "). This new ability 
to control conductivity could open up 
the technological uses of thin film 
amorphous silicon, a very desirable 
thing because of the cheapness and 
large possible areas of such films; even 
thin film tv displays have been talked 
about. 

However, some formidable funda- 
mental and technological barriers may 
need to be surmounted before devices 
which compete with those made from 
single -crystal , silicon can be manufac- 
tured. The efficiency of doping as it 
affects conductivity is still quite poor, 
because many carriers are immobilised 
in a class of energy states special to 
amorphous semiconductors, the so- 
called "mid -gap states ". The achieve- 
ment of Spear and LeComber is to 
reduce these states until at least a small 
proportion of the electrons and holes, 
freed from the dopant atoms, appear in 
conduction states. Further research 
may show how to free more carriers and 
also answer some fundamental ques- 
tions about this new "second genera- 
tion" of amorphous semiconductors. 

Carter wants "better 
use of mobile radio" 

President -elect Jimmy Carter says 
telecommunications represent perhaps 
"the greatest potential area of applica- 
tion for space research and techno- 
logy." The effective use of telecom- 
munications technology - including 
the telephone, mobile radio, television, 
satellites and computers - were an 
important part of a comprehensive 
energy conservation programme. 

Carter had been asked, in the journal 
of the American Society of Mechanical 
Engineers, what he saw as the future 
role, priorities and funding of NASA, 
and what importance he attached to 
aeronautical research and development, 
space science and space applications. 
"In a time of widespread inflation and 
high unemployment telecommunica- 
tions is one of the few sectors of the 
economy which has consistently pro- 
vided more jobs with increased 
productivity. 

"I am pleased to note the efforts at 
NASA and a number of universities and 
research institutes to evaluate the 
potential of telecommunications for 
increasing the efficiency of energy -in- 
tensive activities such as travel. New 
ways of using telecommunications - 
such as telephones linked to computers 
or video conferencing via satellite - 
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bring the promise of substantial time, 
money and energy savings in the use of 
transportation. In other areas we can, 
for example, make better use of mobile 
radio or satellites and computers for 
on- the -spot diagnosis of heart attacks 
and delivery of emergency medical 
services. The technology is here today. 
What we need are the institutional 
mechanisms and commitment in both 
the public and private sectors to make 
best use of our assets." 

Asked how he intended to use the 
Office of Science and Technology, he 
said: "It is crucial that the advice of the 
scientific and engineering community 
of this nation be actively and perman- 
ently sought by elected officials in the 
evolution of national policy dealing 
with the complicated, unpredictable 
and rapidly changing technological 
problems of this modern world. The day 
when political leaders could make 
effective policy decisions independently 
and turn to the scientific community 
only for assistance in implementation 
has long passed. 

On engineering education he said 
imaginative reforms were needed to 
strengthen colleges and universities in 
times of financial difficulty. 

Carter said he felt that one of the 
greatest failures of national leadership 
in the USA had been the failure to 
convince Americans of the urgency of 
the energy problem. The national policy 
for energy must combine energy con- 
servation and development. Ironically, 
in view of his remarks about mobile 
radio, his list of conservation measures 
included "rigid enforcement of 
energy- saving speed limits." 

Waveguide go-ahead 

The Post Office have decided to install 
their first main line millimetric wave - 
guide between Reading and Bristol, a 
distance of 123km, to come into revenue 
service by 1982. 

Announcing this decision at the 
opening of the IEE November confer- 
ence on millimetric waveguide systems, 
Professor J. H. H. Merriman of Post 
Office Telecommunications HQ made it 
clear that this was still subject to Post 
Office Board approval, which probabili- 
ty one source put at 80 %. (Amounts over 
£11/2 million require board approval.) 
Value of the work is thought to be 
around £41/2 million, with Marconi 
Communication Systems supplying 
terminals and repeaters (worth about a 
third of the value) and a joint P.O. -BICC 
venture providing the waveguide, 
which will be similar to that used in the 
P.O. Research Centre field trial (see 
report on page 69). BICC have recently 
mentioned a price of £20 per metre for 
their waveguide but the Post Office say 
this figure is based on developmental 
quantities; they are "certainly hoping to 
pay much less for production quan- 
tities" said a spokesman. 

Ten women leave England in January to 
film and study the great Atrato Swamp 
in Columbia. They will be away about, 
three months. Tony Wright of 
Racal -Tacticom (left) shows Carolyn 
Oxton (second right), the leader of the 
expedition, and two other members of 
the team, how to work the Syncal radios 
which will link them with a base camp 
which may be up to 500 miles away. 

Work over the last decade by the Post 
Office, culminating in the '14km field 
trial from the P.O. Research Centre at 
Martlesham Heath to Wickham Market 
in Suffolk, has "been extremely suc- 
cessful in demonstrating that the 
design, construction and installation of 
an operational waveguide system could 
be achieved" said C. A. May, director of 
research at the centre. 

And with the Post Office belief that 
their system is the most cost -effective 
they are naturally hopeful for its export 
potential. The high density nature of the 
system limits the market of course and 
the USA, Japan, France and Italy have 
made their own investment and deve -, 
loped systems tailor -made to t heir own 
requirements. Nevertheless the Post 
Office -industry team (Marconi and 
BICC) believe its features are attractive 
enough to interest Middle Eastern 
countries and some smaller European 
countries. And now the conference has 
finished and the international scene 
appraised the team will be starting to 
sound -out the market. 

One of the attractions of the system is 
its modular basis; a basic capacity of 
approximately 60,000 voice circuits 
could be provided initially and further 
'capacity added later at little extra cost. 
Another feature is the repeater spacing, 
of the order of 20km compared to the 
2km of cable systems. The waveguide 
itself is simple to make, light in weight, 
easy to handle and joint, and is cheap to 
make, say the Post Office. More details 
on page 69. 
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Europe a net 
electronic importer 

European electronics production should 
reach $39,536 million in 1977, an 
increase of 12.9% over the previous year, 
according to the latest edition of the 
Mackintosh Yearbook of West Euro- 
pean Electronics Data 1977. Output 
increased only 4% during 1975 com- 
pared with the previous year, compared 
with a mean growth rate of around 14% 
in previous years. During 1974 total 
European production was $31,239 mil- 
lion, while Japan produced $16,400 
million, and the US $39,000 million. The 
following year the European figure was 
$34,068 million and even that was 
inflated by a 5% devaluation of Euro- 
pean currencies against the dollar. 
Mackintosh have prepared a table from 
the previous four editions of the year- 
book which eliminates currency fluc- 
tuations and shows the real growth of 
European electronics output: taking 
1972 as the base at 100, the production 
figures given for the following five years 
are 104.7, 106.2, 97.5, 110.8, 125.1. 

In 1975 Europe exported $15,878 
million, an increase of $2,101 million 
over the 1974 figure, but imports were 
$16,380 million, up $1,337 million, a 
trade deficit of $502 million. Every 
country in Europe had a deficit with the 
exceptions of West Germany and 
France. 

The deficit in computers was $1,020 
million, with imports running at $3,396 
million; video and audio consumer 
goods with imports of $3,475 million had 
a deficit of $976 million; and active, 
passive and audio components had a 
deficit of $741 million with imports of 
$5,394 million. 

France became a net exporter of 
electronics products for the first time in 
1975, with a surplus of $32 million on 
imports of $2,523 million. Mackintosh 
point out that French government 
heavily subsidises the electronics 
industry. West Germany, however, has 
been in surplus since the first edition of 
the yearbook in 1972. In 1975 the West 
Germans had a $1,264 million surplus on 
imports of $2,974 million. 

In communications, telecommunica- 
tions and control and instrumentation 
equipment Europe is a net exporter, 
with exports of $6,350 millions com- 
pared with imports of $4,115 million in 
1975. The United Kingdom, however, 
has a positive trade balance only in 
communications and telecommunica- 
tions. In 1975 exports, at $2,370 million 
were $137 million less than imports. 

Turning to the electronics market, 
video and audio consumer goods show 
the smallest increase, 17 %, projected for 
the period from 1976 to 1980, while 
components, the largest market, is 
expected to increase 41 %. 
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Who is warden over the 
Wardens? 

The International Telecommunication 
Union will, if it keeps its present 
membership, have delegates from 152 
countries at the World Administrative 
Radio Conference in Geneva in 1979. 
The latest country to claim membership 
is the People's Republic of Angola, 
which registered with the ITU on 
October 13 last. The unwieldiness of 
such a gargantuan talk -fest beggars the 
imagination, and the obstacles of 
procedure and language will be such 
that, while a little matter like indepen- 
dence for Rhodesia can take only a few 
weeks, sorting out the world's demands 
on the electromagnetic spectrum is 
expected to take two and a half months 
from the September 24 opening date. 

Those interested in telecommunica- 
tions policy also expect results to 
depend on the demands of the newly - 
independent nations such as Angola. 
Some have said that their views will not 
affect Western Europe much. Others, 
notably our own Home Office, are 
saying that the distribution of the whole 
spectrum could look vastly different as 
a result of the emergence of countries 
that hardly mattered when the last 
conference was held in 1959. 

The Agenda includes a review, and 
where necessary, revision of the pro- 
vision of the regulations relating to 
terminology, the allocation of fre- 
quency bands and the associated regu- 
lations (articles 1 to 7); a review and, 
where necessary, revision of the pro -. 
visions applicable for the co- ordination, 
notification and recording of frequency 
assignments (articles 9 and 9A), except 
those articles relating to a single 
service; a review and, where necessary, 
revision of other regulations applicable 
to services in general (articles 12 to 20); 
and a review and report on the activities 
of the International Frequency Regis- 
tration Board. 

The Internatiónal Radio Consul- 
tative Committee (CCIR) is now study- 
ing recent technical advances, new 
services, more intensive use of the 
frequency spectrum and the use of 
higher frequencies than those now used 
so that the information will be available 
to the conference. A special joint 
meeting of the CCIR study groups is 
expected to be convened next autumn. 

In the United States the process of 
public consultation is well under way. 
In March the Federal Communications 
Commission issued a 127 -page public 
notice tabulating the non -government 
requirements submitted to it for 1979. 
"These requirements stem from com- 
ments and reply comments to the 
second notice of enquiry," said the first 
page of the document, released Sep- 
tember 19, 1975; ... Additional formal 
notices of inquiry regarding prepara- 
tory work for the 1979 WARC, includ- 

ing proposed changes to the interna- 
tional allocations table will continue to 
be issued wherein comments will be 
solicited from the general public ... " 

In the table of frequencies and 
present allocations, each frequency 
band shows the requirements placed on 
it by interested parties, and a key shows 
the source of the request, any of 17 
categories including citizens' band 
(category 35), even though c.b. does not 
yet exist in the eyes of the ITU. 

In Britain there is no consultation 
and, at the moment, there are no plans 
for any. Two years ago an engineer in 
the Radio Regulatory Division of the 
Home Office, James Warden, was asked 
to begin a series of reports which would 
form the basis for briefing delegates to 
the 1979 WARC. The delegates will be 
instructed by the minister, now Lord 
Harris, who in turn is responsible to the 
Home Secretary. In reality the instruc- 
tions will be delivered, and indeed 
drawn up in their final form, by the 
minister's permanent secretary, who 
receives reports from a number of 
committees he has formed to agree 
policy on various aspects of telecom- 
munications. The committees brief the 
permanent secretary after discussing 
their proposals with a selected group of 
those outside the Home Office who 
have a direct interest in each com- 
mittee's subject but who can be trusted 
to be discreet, for the reports are secret. 
The basis for the secrecy is that in 
theory the delegates are told what 
"Britain's attitude" is to be at the 
conference by the Home Secretary 
himself, and we cannot learn anything 
of what our officials will say on our 
behalf because to do so would be to 
break Cabinet secrecy. 

Warden has now finished two of his 
main reports, as well as a number of 
minor ones, and is at present engaged 
on a third. The first was on the largest 
activity within the Home Office's 
jurisdiction, broadcasting. The second 
was on mobile radio, and was presented 
to the Mobile Radio Committee of the 
Home Office about a year ago. The 
information we have been able to 
gather about this report is an interest- 
ing example of how telecommunica- 
tions policy is decided. Like the others, 
it was restricted to ten or 20 numbered 
copies. Some of these were passed out to 
the mobile radio industry for comment, 
and this meant the senior officials of the 
Electronic Engineering Association, 
which represents nearly all the mobile 
radio equipment manufacturers. The 
Home Office Mobile Radio Committee is 
not composed entirely of full -time civil 
servants, and the joint secretary of the 
MRC is also secretary of the Mobile 
Radio Users Association, Alan Ford, 
who can give the users' view. 

The Warden report on suggested 
allocations for mobile radio frequencies 
contained 16 recommendations. The 
EEA agreed with some of these, dis- 
agreed with others, and were unable to 
agree among themselves about the rest. 
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The report had reached the conclusion 
that the growth in mobile radio use was 
small or static and that there was 
therefore no further need for any 
allocation above what it had already 
got. Any further channels that did 
become available should go to the Post 
Office, and any unforeseen growth in 
the demand for mobile radio could be 
handled by new technology, particular- 
ly digital techniques, already evident in 
the United States. Here Warden may 
have been influenced by technical 
developments he had seen in America 
when he stayed for two months as a 
guest of the FCC. 

It is fair to say that the report 
astonished those in the industry who 
were privy to it. They had minor 
reservations about its lack of detail, as 
they saw it, but they could not accept 
the major conclusions about the growth 
in their industry. To begin with, of the 
portion of the spectrum from 1000MHz 
down to 30MHZ, broadcasting takes 
60% of the available space, the military 
another 30% and mobile radio has a 
mere 3% share. Even a member of the 
Home Office telecommunications dir- 
ectorate, Wiliam Nicol, had to admit in a 
speech at the Communications '76 
conference at Brighton in June that the 
allocation "would scarcely reflect very 
strong interest or a fair share of the 
frequency spectrum for mobile radio..." 

The Post Office's own estimate of the 
growth of the market is that the number 
of mobiles will double to over 500,000 by 
1985, rising to about 1.5 million by the 
year 2000. J. R. Humphries of Marconi 
Communications Systems wrote in 
Electronics Weekly recently: "It is 
generally agreed that the growth of land 
mobile radio services in the United 
Kingdom will mean an expansion in the 
number of users by at least 2.5 times 
within ten years." The rest of the article 
showed that, like everyone connected 
with mobile radio, he was aware of the 
pressing shortage of frequencies for 
mobile radio. 

In addition to all this the industry has 
the evidence of the American Frost and 
Sullivan report, which predicted a rise 
in the mobile radio market in the US 
from $900 million in 1975 to over $4.2 
million by 1984, and asserted that digital 
techniques would supplement existing 
radio signals and channels, not replace 
them. 

Another irritant was that mobile 
radio users had accepted channel 
reductions from 100kHz to 12.5kHz in 20 
years and that now there was talk of a 
further reduction to 6.25kHz while Post 
Office channels were still 25kHz. 

The result of all this was that the 
report was sent back for further work to 
be done on it in consultation with the 
industry's representatives in the EEA. It 
would be interesting to know what else 
the Home Office is preparing to take 
away to Geneva, and fascinating to 
discover how different it would look if 
we did. 
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Non -linear distortion in 
audio amplifiers 
Why do some amplifiers pass static distortion 
tests but fail listening tests? 

by M. Otala, Technical Research Centre, Oulu, Finland 

The debate about amplifier distortion 
and especially its audibility has always 
been an interesting subject. Most of us 
still remember the battle over triodes 
and pentodes, and a few years ago such 
epithets as "transistor sound" were 
discussed intensely. Right now we are in 
the middle of "operational amplifier 
sound ", and although these negative 
attributes may seem ridiculous at first 
glance, there really seems to be some 
clearly audible differences. These dif- 
ferences must be "distortion ", whatever 
that may then mean. 

It is a commonplace to divide distor- 
tion in amplifiers into two classes: linear 
distortions, i.e. linear departures from 
straight frequency or phase character- 
istic, and non -linear distortions, i.e. 
distortions caused by non -linear ampli- 
tude relationship between the input and 
output signals. This article concentrates 
on the last -mentioned form of distortion 
and divides it into two groups according 
to their dependence on the signal 

static non -linear distortion, depen- 
dent solely on the amplitude of the 
signal, and 

dynamic non -linear distortion, 
dependent not only on the amplitude 
but also on the time properties or 
frequency composition of the signal. 

Historical perspective 
In the early valve era the cost of gain 
was high. This led to the use of few 
active devices and careful design to 
yield acceptable harmonic and inter - 
modulation distortion figures. When 
the benefits of feedback were disco- 
vered, it was applied mostly locally. The 
presence of an output transformer with 
its stray reactances made the amplifier 
transfer function so complicated and 
dependent on the momentary signal 
and load conditions at high frequencies 
that heavy overall feedback could not 
be used without loss of stability. The 
average overall feedback varied 
between 15 and 30dB, and the static 
harmonic and intermodulation distor- 
tion were the primary sources of audible 
amplifier quality impairment. 

The introduction of transistors and 
especially the transformerless amplifier 
circuits permitted the use of heavy 

overall feedback. This led to the 
unwarranted myth of the amplifier 
being the better, the higher the feed- 
back. The following advantages were 
attributed to the use of feedback 
-static distortions decreased to practi- 

cally zero 
-bandwidth of the amplifier increased 
-output impedance of the amplifier 

decreased and hence the damp - 
ing factor increased 
The decreasing cost of components 

and the trend toward monolithic inte- 
gration made possible the use of 
almost -unlimited gain resources, and 
consequently the main trend in the 
design philosophy has been the use of 
very high open -loop gain and high 
values of feedback. 

This trend has been further intensi- 
fied by the use of operational amplifiers, 
which more and more are finding their 
way into audio equipment as low -level 
amplifiers and power amplifier drivers. 
The need to minimize the size, weight 
and power dissipation of amplifiers also 
led to another trend: the minimization 
of the class A operation region of an 
amplifier. The result is cross -over 
distortion, which sounds ghastly and is 
difficult to eliminate with feedback or 
any circuit tricks. 

Those two effects, the overdose of 
feedback, causing dynamic non -linear 
distortion, and the almost class B 
operation causing near -incurable 
cross -over distortion, seem to be the 
main distortion problems of present -day 
audio amplifiers. 

Static non -linear distc, ction 
Every stage of an amplifier has a more 
or less non -linear transfer function. Fig. 
1 shows the typical static non -linearities 
usually encountered in audio amplifiers, 
namely s -type, cross -over and clipping 
distortions. 

S -type non -linearity. There are numer- 
ous reasons for the s -type non- linearity. 
In the case of transistors it may, for 
instance, be caused by the non -linear 
dependence of current gain, versus 
collector current and voltage, by the 
non- linear base -emitter voltage charac- 
teristic, or by possible avalanche -type 
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Fig. 1. Different kinds of static 
non -linear distortions (a) s -type, 
(b) clipping and (c) cross -over. 

n 

collector current non -linearity due to 
collector- emitter voltage. In the case of 
vacuum tubes, the list of sources for 
non -linearity includes the space- charge 
effects around the control grid, the 
change of mutual conductance and 
anode resistance as function of voltage, 
the possible negative impedance con- 
tribution of screen grid in beam tetrodes 
and pentodes, etc. 

On the circuit side the most notable 
method of minimizing the non -linearity 
is the choice of interstage resistors to 
ensure that the stage interface transfer 
function is as linear as possible. If 
transformers are used, their non- linear- 
ities are important too. All of these 
sources of s -type non -linearity are well 
understood and design rules exist for 
their minimization. The effects are, 
however, too numerous to be consi- 
dered here. Furthermore, the remaining 
s -type non -linearities can easily be 
decreased with the use of local or 
overall feedback. 

Cross -over distortion. The operation of 
power amplifiers in class B presents 
some important special problems. The 
first is cross -over distortion, and the 
second the time asymmetry of the 
amplifier halves, Fig. 2. Both occur 
around the class B transition from one 
circuit half to another. The source of 
these distortions is the decrease of the 
gain of each half to almost zero at 
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almost zero collector current, and the 
different transition frequency beha- 
viour of each half. In the cross -over 
region, therefore, the open -loop gain of 
the amplifier drops drastically. Feed- 
back has little effect on this type of 
distortion, as there is no open -loop gain 
available for the feedback. The only 
possibility is to allow sufficient quies- 
cent current to ensure the full gain at all 
times. These two forms of distortion are 
very clearly audible, probably because 
they generate harmonic and intermo- 
dulation products of high odd order. In 
the case of harmonic products, the high 
order components are non -musical and 
therefore annoying. In the case of 
intermodulation products, a high order 
means a multiplicity of products falling 
within the audio band. Being non -musi- 
cal, the musical masking of these kinds 
of products is small. However, the 
sensitivity of the ear may also stem 
from the strong phase modulation they 
introduce in heavily feedbacked ampli- 
fiers. The details of this effect are 
outlined later in the section on dynamic 
non -linear distortion. 

Clipping occurs when an amplifier is 
overloaded. Therefore it is not an 
operational non -linearity in the proper 
sense of the definition. However, as 
overloading peaks do exist in usual 
programme material, the amplifier 
overload performance becomes impor- 
tant. The audibility of clipping is 
dependent on the clipping mechanism, 
soft s -type clipping being less audible 
than hard limiting, which may be 
aggravated further by saturation reco- 
very effects. This increased audibility 
depends again on the generation of 
higher -order harmonic and intermodu- 
lation distortion products. 

It would be desirable to "soften" the 
clipping. The problem is, however, that 
the overall feedback effectively 
linearizes the clipping, making it hard, 
and may also cause an internal excess 
drive signal within the feedback loop 
during the clipping, thus aggravating 
the saturation problems and delaying 
recovery. The desire for a soft clipping 
and the present use of feedback are 
therefore incompatible, and it remains 
to be seen which one will be considered 
more important in the future. 

Static distortion versus feedback 
Suppose that in a given circuit all the 
possible means for minimizing distor- 
tion in situ have been used by selecting 
linear active devices, by choosing 
optimum load and generator impe- 
dances for all stages, and by careful 
selection of the working points. Sup- 
pose further that so far no feedback has 
been used. The interesting question 
then arises: whether one should use 
local feedback stage by stage, or overall 
feedback around the whole amplifier to 
reduce remaining static distortion. Most 
present -day amplifiers seem to be 
constructed according to the last men- 

Fig. 2. Cross -over distortion caused by 
time asymmetry of the class B 
amplifier halves. 

Fig. 3. Division of a feedback amplifier 
incorporating the driver A,, the output 
stage A, the compensation network 
RC and the feedback network(3. 

Fig. 4. Bode plot of the feedback 
amplifier. 

tioned principle, i.e. the main design 
objective has been to realize as high 
(and often very non -linear) a gain as 
possible and to rely on overall feedback 
to make the amplifier behave correctly. 

The use of local feedback has some 
drawbacks which make its use unpopu- 
lar 
-it increases the number of parts in the 

amplifier 
-if the amplifier uses i.cs, linear 

unbypassed emitter resistors may 
be difficult to manufacture 

-local feedback often limits the avail- 
able voltage swing of the stage 
(Crucial at driver stages and may 
necessitate separate power supplies 
for them) 

-large unbypassed resistors at the 
output transistor emitters may 
severely limit output power 
However, local feedback has some 

advantages: 
-it linearizes and stabilizes each stage 

separately, eliminating certain diffi- 
cult cross -coupling linearity and 
stability troubles between stages. 

-it decreases the effect of individual 
device tolerances, which may cause 

some working point problems, espec- 
ally in d.c.- coupled multi -stage 
amplifiers. 

-it increases the cut -off frequency of 
the stage 
The last remark is important. For the 

same total gain, the use of overall 
feedback alone yields the same distor- 
tion figures as the use of local feedback 
alone but with one significant excep- 
tion: whereas local feedback increases 
the usable frequency range of the 
amplifier, the overall feedback usually 
decreases it. This apparent 
contradiction may be explained as 
follows: 

To ensure stability, the amplifier 
open -loop frequency response must 
have a -6dB /octave roll off. For heavy 
overall feedback, the amplifier must 
then be frequency compensated to 
eliminate the influence of the second, 
third, etc. poles of the transfer 
function'. If overall feedback is 
increased, this compensation must be 
made proportionally heavier, resulting 
in the closed -loop small -signal fre- 
quency response remaining the same. 
The generally held belief that overall 
feedback increases the small- signal 
frequency range is thus invalid in the 
case of multiple -stage amplifiers. How- 
ever, the large -signal frequency range 
usually decreases with increasing feed- 
back. This is caused by the heavier 
frequency compensation requiring 
more error signal headroom from the 
driver stages. If there is not much of this 
headroom available, and such is usually 
the case, the driver stages will clip at 
proportionally lower frequency as the 
compensation is made heavier. High 
overall feedback therefore has the 
tendency of decreasing the power - 
bandwidth of an amplifier. 

The optimum choice with present - 
day components is probably to use all 
the possible local linearization methods 
available, and thereafter to use local 
feedback until the open -loop large -sig- 
nal total harmonic distortion is around 
0.2 to 2 %. Moderate overall feedback is 
then added, the optimum value being 
around 20 to 40dB. It seems possible 
with this kind of technique to obtain 
harmonic distortion figures as low as 
0.05% without increased risk to dynamic 
non- linear distortions. 

Dynamic non -linear distortions 
If the frequency content or the time 
properties of the input signal affect the 
transfer function of the amplifier, the 
resulting non -linearities may be called 
dynamic. We know at present of at least 
one dynamic distortion of this kind, 
namely the transient intermodulation 
distortion (t.i.m.) which has been 
described in detail elsewhere'. It stems 
from overall feedback in the following 
way. 

Consider an amplifier with heavy 
feedback, and consequently heavy 
compensation, shown in Fig.3, having 
the Bode plot of Fig.4. The raw, 
open -loop gain is Ao and the corre- 
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sponding open -loop upper cut -off fre- 
quency is coo, typically 5 to 500Hz. The 
open -loop transfer function of Ao is 
shown in Fig.5. 

Now consider an input signal con- 
sisting of a transient and a sinusoid. The 
error voltage V2 is proportional in 
amplitude to the frequency of VI (Fig.6) 
due to the compensation network RC. 
Suppose that the input transient has 
sufficiently low rise time to let VZ 

excurse to V2'. The incremental open - 
loop gain now drops to A0', also shown 
in Fig.4 with a dashed line. If the 
feedback is large, the closed -loop gain A 
is not affected, but the closed -loop 
upper cut -off frequency w (typically 20 
to 200kHz) drops momentarily one or 
two decades to u,' during the rise of the 
transient. This causes phase modulation 
of the sinusoid if it is smaller in 
frequency than uc' , and combined, 
amplitude and phase modulation of the 
sinusoid if it is between uc' and uc in 
frequency. In both cases, the phase and 
amplitude modulations give rise to 
interference components between the 
transient and the sinusoid, thereby 
creating non -harmonic audible com- 
ponents in V4, the output signals. In an 
extreme case, driver Al is driven into 
saturation and Ao drops to zero. This 
corresponds to momentary 100% inter - 
modulation distortion of the sinusoid. 

This effect is phenomenologically 
equivalent to intermodulation distor- 
tion caused by rapidly sweeping the 
upper cut -off frequency of the amplifier 
in synchronism with the frequency 
content of the input signal. Whereas 
t.i.m. is principally caused by the overall 
feedback, similar effects occur with the 
so- called dynamic noise limiters, alth- 
ough there the speed of the sweep is 
limited. A similar effect occurs in power 
output transistors, where the cut -off 
frequency f13 depends on the instantan- 
eous collector current and collector - 
emitter voltage. 

Heavy cross -over distortion causes 
almost identical phase and /or 
amplitude modulation effects to those 
produced by t.i.m. although in principle 
it is a static non -linearity. This is due to 
the fact that it causes the same kind of 
momentary variation in the open -loop 
gain. 

Amplifier distortion budget 
The distortion compromise that a 
designer must make in designing an 
amplifier consists of at least the follow- 
ing p rts: 
1. Thb smooth, s -type non -linearity of 
the transfer function caused by device 
and circuit non -linearities. These are 
easy to correct to a certain extent by 
local feedback, optimum load and 
generator impedances and by overall 
feedback. Usually this type of distortion 
is neither difficult to handle nor severe- 
ly audible, the only prerequisite being 
the necessity of a few extra stages to 
compensate for the losses of gain 
caused by the corrections mentioned 
above. 

V2 

V2' 

>v1 

Fig. 5. Open -loop transfer function of 
the amplifierA0 is the incremental gain. 

v2 A 

wo 

Fig. 6. Error voltage V2 as function of 
frequency. 

f 

2. The abrupt distortion such as cross- 
over distortion. These are difficult to 
cure, sound very bad and usually overall 
feedback has little effect on them. The 
possibility is to allow operation deeply 
enough in class A, a practical target 
specification being 14 to 20dB below 
maximum output power4. As compared 
to many present designs, this leads to 
higher quiescent power losses and 
consequently a larger heatsink. 
3. The dynamic non -linear distortions. 
As the dynamic distortions are princi- 
pally effects caused by poor frequency 
behaviour of an amplifier, they can be 
cured completely by following certain 
simple rules in the design'' 5, and not by 
using too much overall feedback. 
4. Some presently unknown dynámic 
distortion mechanisms such as the clear 
effect of loudspeaker load on the 
audible sound quality of some ampli- 
fiers. 
-phase modulation effect, probably 
caused by power transistor cut -off 
frequency sweeping with the output 
power 
-possible importance of reproducing 
faithfully the higher derivatives of the 
signal. 

Of these distortions, cases 1 and 2 

may be made very small with good 
design of the amplifier, and by a 
readiness to meet the cost of added 
components and a larger heatsink. Case 
3 is easy to eliminate totally by proper 
design with practically no increase in 
parts cost. Case 4 remains to be studied 
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but at least until it has been solved, the 
final sound quality measuring instru- 
ment must be the ear. 

Conclusion 
Dynamic distortions were unknown 
until recently. There seems to be some 
correlation with the phenomenology 
presented above and subjective listen- 
ing tests. It is commonplace to find an 
amplifier having a good harmonic and 
SMPTE intermodulation distortion spe- 
cification (and thus probably high 
overall feedback) which fails in the 
listening tests. It has also been shown 
that irrespective of unmeasurable har- 
monic and SMPTE intermodulation 
distortion, an amplifier may produce 
dynamic intermodulation products 
having amplitudes of tens of percent3. 
The t.i.m. seems to explain a part of this 
dilemma but, certainly, there must be 
other similar effects. 

With the static non -linearity mea- 
surements, we have only stated that an 
amplifier must be capable of reproduc- 
ing the absolute value of the signal 
correctly. What the dynamic non -lin- 
earity considerations show is that the 
amplifier must in addition be capable of 
reproducing faithfully the first and the 
higher -order derivatives of the signal as 
well. The t.i.m. is part of the non- linear- 
ity of first derivative reproduction. 
What the other parts are and what 
requirements the higher -order deriva- 
tives of the signal impose on the 
amplifier remains to be discovered. 

At this moment we are living through 
a very exciting phase in electro- acous- 
tics, the challenge of explaining the 
clear contradiction between our mea- 
surements and our subjective sound 
quality sensation. I forecast lively 
activity in this field in the near future. 
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World of 
Amateur 
Radio 

Second thoughts 
The Home Office is to be congratulated 
on having "second thoughts" on the 
double -sideband suppressed- carrier 
mode (see "World of Amateur Radio" 
October 1976). It has reversed its 
decision to ban this mode which will, it 
seems likely, be made available to all 
British amateurs under the terms of the 
new consolidated licence due to be 
introduced during 1977 -a sensible and 
generous decision to think again. 

The RSGB has modified its official 
attitude towards the introduction of 
Citizens' Band facilities in the UK (now 
legally available in most European 
countries including several in East 
Europe). In a recent statement of 
attitudes, the Council of the Society 
insists that anything less than the 
ability of the administration to exercise 
complete and effective control would 
not be acceptable. However, it is no 
longer opposed to the introduction of a 
short -range personal communications 
facility with power limitation, crystal 
control and type- approved apparatus 
on v.h.f. or u.h.f. The Society urges that 
this should not be within or close to any 
existing amateur allocation, but in a 
part of the spectrum sufficiently remote 
from any amateur frequencies as to 
discourage illegal operation of CB 
equipment in the amateur bands. 

Here and there 
1976 will long be remembered by v.h.f. 
and u.h.f. enthusiasts. Apart from the 
10GHz 521km record (November issue) 
other notable contacts included Norfolk 
(G4BYV) to Sweden (SK6AB) on 
1296MHz; East Suffolk (G3LQR) to 
Denmark (OZ90R) on 2.3GHz; Scotland 
(GM30XX /P) to Northern Ireland 
(GI30LK /P) on 10GHz. In the United 
States the use of "moonbounce" tech- 
niques has enabled Allen Katz, K2UYH, 
to gain the first -ever 432MHz "worked 
all continents" award (contacts over 
three years with C3LTF, VE7BBG, 
JA1VDV, ZE5JJ, VK2AMW and 
HKITL) while Dick Hart, KOMQS, has 
completed a 7 -year task of achieving the 
first "Worked All States" on 144MHz. 
There were also more California -to- 

Hawaii contacts on the 144MHz and the 
first USA to Bermuda contacts on that 
band. Unusual "openings" also 
occurred on 28MHz, not accountable by 
scatter or double -hop sporadic E, and 
usually in the evening rather than the 
noon peaking of m.u.f. 

Lord Wallace of Coslany is being 
installed as the 1977 presidenct of the 
RSGB on January 22 ... F. J. ( "Dud ") 
Charman, G6CJ, made a big impact on 
Australian and New Zealand amateurs 
with his new 3.3GHz solid -state "aerial 
table" which he uses to demonstrate 
techniques from dipoles to circularly 
polarized helical aerials ... Although 
most British amateur direction- finding 
contests are on 1.8MHz, the U.K. FM 
Group (London) recently held a suc- 
cessful 144MHz "fox hunt" won by M. 
H. Tooley, G8CKT in 1 hour 23 minutes. 
J. F. C. Johnson, ZL2AMJ, has suggest- 
ed that there is need for a new "award" 
that does not show merely that an 
operator has had time on his hands. He 
wants to see one that combines operat- 
ing skill, technical skill and experience 
and suggests that the award could be 
based on the ability to work the 
antipodes (e.g. Europe from New Zea- 
land) "using a station of own design and 
construction ". He feels this would show 
the recipients have enough technical 
knowledge to build a transmitter, 
receiver and aerial from scratch; 
enough code experience to obtain a full 
operating licence; and enough operat- 
ing experience to put out an effective 
signal on the right frequency at the 
right time to achieve the ultimate "long 
distance" contact. 

With the closing of the American 
"Milliwatt" publication, "Sprat" - the 
newsletter of the G -QRP -Club - 
appears to be the only specialist publi- 
cation concerned exclusively with low 
power operation. One member, Bruno 
Settinger, OE1SBA, after working all 
continents with 2 watts s.s.b. from his 
home in Vienna is now concentrating 
on low -power mobile operation. 

In the 1976 All -Asian Contest, c.w. 
section, participants are expected to 
indicate their age in the form of a "serial 
number ". An analysis of the first 20 
Asian stations heard indicated an 
average age of 29 years, with a range of 
17 and 44 years. 

Power f.e.ts 
Over the past decade, amateur radio has 
been absorbing a large number of new 
semiconductor techniques such as 
small- signal f.e.ts, digital, linear c.m.o.s. 
integrated circuits, Schottky double - 
balanced diode mixers and the like. But 
of late it has seemed as though the pace 
of development of entirely new devices 
may have slowed down. However, this 
year has seen the appearance of verti- 
cal- structure power r.f. mosfets (such as 
the Siliconix VMP -1 and VMP -4 series) 
opening the way to greater use of 
mosfet devices in transmitters. Exam- 
ples of designs using this approach 
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include a transverter providing 10 -watt 
p.e.p. output on 144MHz when driven by 
ImW 28MHz ssb input (described in 
Ham Radio and using a pair of VMP -1 
devices) and a broadband driver 
extending from 40 to 265 MHz using a 
single VMP -4 device (Siliconix note 
TA76 -1 by Ed Oxner). These devices 
appear to have some useful advantages 
over bipolar rf power devices in not 
being subject to thermal runaway or 
secondary breakdown and having no 
minority carrier storage time. Apart 
from transmitter applications such 
devices also provide receiver front -end 
amplifiers of wide dynamic range and 
low noise. 

The next OSCARs 
Although the prospects for an early 
launch of the next phase of Amsat -Os- 
car satellites seem to have receded to 
1979 -80, a recent bulletin from Amsat- 
UK suggests four launch possibilities 
over the next few years: (1) the ITOS 
launch around June, 1977 may be able to 
carry an Oscar 6 type satellite; {2) the 
new National Space Translocation 
Systems (the new name for the "Shut- 
tle" reusable vehicles) may be able to 
carry communications satellites into low 
orbit; (3) military synchronous com- 
munications satellite launches, alth- 
ough it is recognised that the problems 
presented by a truly synchronous 
satellite (particularly the need for good 
operating discipline) are formidable; (4) 
European "Ariane" launches from 
French Guiana. 

Several active transposers are cur- 
rently being planned or built, including 
a 21 -to -29 MHz unit by the British 
group, although much work and exper- 
ienced assistance is still sought; a 
Japanese "Jamsat" unit for 70cm to 2m 
has been built and is currently being 
tested on a mountain site; the highly 
sophisticated "Phase 3" long -life, high - 
orbit satellites with output powers of up 
to 50 watts p.e.p. for 70cm /2m and 
2m /70cm are, as indicated earlier, 
unlikely to be launched before 1979 -80. 

RTTY - the easy way 
The British Amateur Radio Teleprinter 
Group has been very active recently 
promoting more extensive use by 
amateurs of radio teleprinter tech- 
niques and has recently published an 
entirely new edition of a useful 32 -page 
(plus parts list) booklet "RTTY - the 
easy way" by Brian Hodgson, G3YKB, 
with contributions from G2FUD, 
G3LLZ, G3NTT, G3VDB and W6FFC. 
This includes, a good deal of down -to- 
earth information on available surplus 
machines and the construction design 
and alignment of terminal units, afsk 
oscillators and fsk circuits, operating 
practices, some recommended further 
reading and a glossary of terms. Copies 
are available from Brian Hodgson, 
BARTG, 234 Gillingham Road, Gil- 
lingham, Kent (85p post free). 

PAT HAWKER, G3VA 
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Letters to 
the Editor 

CITIZENS' BAND I N UK? 

One small organization campaigning vigor- 
ously for CB is the Citizens' Band Associa- 
tion, which advises its members to write to 
government ministers, Members of Parlia- 
ment and magazine editors to presumably 
create the illusion that there is massive 
public support for CB. No doubt there are 
other vested interests doing the same thing. 
However, have any of these groups commis- 
sioned a proper, professional, unbiased 
survey to discover the true demand? If not, 
then on what evidence do they base their 
assumptions? 

The proponents of CB suggest that cheap 
two -way radio would be an asset to hikers, 
mountaineers, bored or lost motorists, lonely 
people and those living in remote areas. As so 
succinctly reasoned by Mr Friel (September 
1976 Letters) they could become radio 
amateurs with very little effort, thus having 
at their disposal a number of frequency bands 
and a network of v.h.f. and u.h.f. repeaters. 

Crowd control and marshalling at public 
functions have been cited as instances where 
CB would be useful. At the numerous 
amateur radio mobile rallies and exhibitions 
in the UK, amateur radio operators often 
provide excellent "talk -in" for visitors. There 
is no reason why other organizers of fêtes 
and shows should not contact a local 
amateur radio club to invite them along to 
assist. It need not necessarily be an infringe- 
ment of the licensing conditions to pass 
information about crowds. 

A recurring theme is that a CB service in 
the UK would create big business for the 
British electronics industry. However, we 
should recall that in the mass market for 
radio, tv, hi -fi and amateur radio, foreign. 
exporters have a king -size slice of the action. 
Even Mr Bryant, the president of the 
Citizens' Band Association, himself an 
employee of a large British electronics 
company, only names Japanese firms as 
potential suppliers (June 1976). As to cost, 
the prices of Post Office approved v.h.f. or 
u.h.f. transceivers are bound to be higher 
than those of comparable, single mode 
amateur products. 

Let nobody fool themselves into thinking 
that the Home Office could take in its stride 
the processing of a large number of CB 
licences without a considerable increase in 
staff. Some time ago, the Radio Regulatory 
Division stopped the issue of a few 
special amateur callsigns and says it cannot 
contemplate the re- writing of the amateur 
licence for some time, due to pressure of 

work. One has visions of another white 
elephant like the Vehicle Licensing Centre in 
Wales being created. 

Mr Jenkins (May 1976 Letters) stated it 
was not too costly to track down illegal 
operators. In many cases in the amateur 
bands, the identities of illegal operators or 
those breaking the rules are known. The 
problem is to catch them in the act and this 
can be very time consuming, all the more so if 
mobile stations are involved. One can 
envisage a huge increase in Post Office 
engineering staff to cope with similar 
situations on the CB band, in dealing with 
both deliberate and unintentional interfer- 
ence. It would be revealing to learn if the 
Home Office has looked into the costs overall 
of licensing and monitoring say, half a million 
CB sets, all over the realm. 

So far in this correspondence, the question 
of law and order has not been mentioned in 
the CB context. There can be no disputing 
that many crimes can be more effectively 
perpetrated if two -way radio is used. At 
present, any non- uniformed person using a 
walkie- talkie is regarded with curiosity and 
suspicion. Should the use of walkie- talkies 
become commonplace, the police could be at 
a disadvantage in spotting and preventing a 
wages snatch, for example. Furthermore, it is 
inconceivable that the military and police 
forces in Ulster should be faced with this 
situation. 

Perhaps it is time that those who oppose 
CB in the UK, for whatever reason, formed 
an association as vociferous as those 
supporting the idea. Meantime, they should 
adopt the advice the CBA gives to its 
members and bombard MPs, ministers, 
magazine and local paper editors with letters 
opposing CB by reasoned argument in reply 
to any published support for it. 
Norman Fitch, 
Purley, 
Surrey 

SHORTWAVE BAND 
CONGESTION 

As an h.f. user, may I be permitted to 
comment on Jim Vastenhoud's article in the 
November issue? His solution appears to be 
based on the long- established creed of 
expansionism: if something you have is 
running out, go out and grab someone else's 
instead of making the best use of your own 
resources. A glance through a list of 
broadcasting stations is enough to indicate 
that a few organisations in particular use 
several frequencies in the same band for the 
same broadcasts, and a listen across the 
bands will verify this. 

Accepting, reluctantly, that the majority of 
current stations will continue, there is still an 
important factor in the inefficiency of s.w. 
broadcasting. Seventy -five per cent of the 
information and fifty per cent of the 
frequency -space of an a.m. signal is redun- 
dant and in a lot of cases is detrimental 
because of selective fading. It must not be 
beyond the skills of the manufacturing 
companies to produce and market cheap, 
reasonable equipment for h.f. s.s.b. reception. 
And once that step has been taken, it cannot 
be beyond the budgets of government 
propaganda departments to convert a.m. 
transmitters to cope with s.s.b. This will 
immediately lighten the pressure on h.f. 
broadcasting allocations by about a third. 

I also feel concerned about the wish of the 
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broadcasters to remove restrictions in the 
use of the 41m broadcasting band. The 40m 
amateur band is in a bad enough state with 
Radio Tiran6 and Radio Pekin every 10kHz in 
the world -wide section and European sta- 
tions "illegally" beaming to the Americas 
above 7.1 MHz, but to allow broadcasting 
stations, now, to beam to America is likely to 
increase friction between two traditional hi. 
users. 

Mr Vastenhoud hopes that the broadcas- 
ters can settle their differences by WARC 
1979. I hope they do. I also hope that the 
broadcasters, amateurs, aeronautical and 
maritime services and the various security 
services can settle their differences, and if not 
before 1979 then at least I hope they won't 
turn the conference into a slanging and 
grabbing match. 
P. V. Rose, G3ZZA, 
Manchester 

PHASE AND 
QUALITY 

SOUND 

I write in response to the letter from Paul 
Furindle in the July issue. Mr Furindle 
described an experiment in which he listened 
to two tones nearly an octave apart and was 
unable to hear beats. He conducted the 
experiment to see if his ear could tell the 
difference as the phase relationship between 
two sinusoids changed. He reported a 
negative result except when gross intermo- 
dulation was deliberately caused "by 
introducing a diode across the loudspeaker 
terminals." 

I was interested in, and concerned by his 
negative result, particularly as he tried it at 
"various levels and ratios of level." 

In a paper in the Journal of the Acoustical 
Society of America in September 1954, 
entitled "Onset and growth of aural har- 
monics in the ovefloaded ear," M. Laurence 
and P. A. Yantis describe a very similar 
experiment. Their aim was to measure 
distortion in the ear by listening for beats 
between a harmonic born of aural distortion 
of a low frequency note. They found that the 
beats were detectable over a wide range of 
"levels and ratios of level" indicating that 
there is significant distortion in the ear 
detectable at sound pressure levels as low as 
60dB. 

These results seem to be very significant to 
the high fidelity enthusiast. What's the point 
in setting up a system that can go to 115dB 
s.p.l. without significant distortion if your 
little pinkies are going to muck it all up? 

Another hint that aural distortion is 
significant was picked up by a local audio 
engineer who was given the task of elimin- 
ating some gross distortion in the sound 
system during the run of the rock opera 
"Hair" in Melbourne. He fixed the distortion, 
but arranged for the levels to be as before, 
only to find that some of the teenage, 
audience found the comparatively distor- 
tionless signal to be "not loud enough." It 
appears that distortion in low level signals 
reminds us of the aural distortion we 
experience with louder ones, and makes us 
think the sound we hear is louder than it is. 

The moral appears to be: Unless you have 
distortionless ears of the "Furindle type ", 
listen to reproduced music at the same level 
that you would hear it in real life. Perhaps 
"loudness" controls should add distortion as 
well as bass and treble boost at low settings. 
R. Schürmann, 
Hawthorn East, 
Victoria, 
Australia. 
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THE VU METER 

In his article "Low- noise, Low -Cost Cassette 
Deck" (May 1976) Mr Linsley Hood describes 
a "VU meter." It is clear from the description 
that the device concerned is very far from 
being a VU meter, particularly in respect to 
its impedance and ballistic response. It could 
properly be referred to as á "recording level 
meter" or "level indicator," but never as a 
"VU meter." 

A VU meter has its properties rigorously 
defined by the relevant American Standard, 
and it is very bad practice to use this name 
for signal level indicators which do not meet 
that standard. While it is to be deplored that 
commercial organisations are regularly 
guilty of this mistake, it is tragic that a 
quality journal such as Wireless World either 
does not know what constitutes a VU meter, 
or does not bother to ensure that the term is 
used correctly. 

It is ironic that this apparent carelessness 
occurs in the issue with an editorial headed 
"Plain words to the word -bound." 
E. G. Warren, 
West Ryde, 
N.S.W., Australia. 

SURROUND SOUND 

In his review of the Harrogate exhibition 
(November issue) J.T.D. mentioned the 
decline and possible demise of four -channel 
sound. In the scramble for recognition of 
alternative surround sound systems, I 

wonder if adequate consideration has been 
given to priorities among the various 
requirements. 

Excessive emphasis has been placed on the 
exact positioning of individual sound sources 
and their distribution completely around the 
listener, while neglecting far more important 
factors such as clarity and cleanness of 
sound, depth perspective and natural rever- 
beration. 

The advantage of 60° stereo 'over mono is 
that it separates individual sources from each 
other and from the reverberation. For small 
groups of performers it would be quite 
adequate provided the reverberation was 
extended to 360 °. For large orchestras, big 
bands and particularly choral music, opera 
and drama an extended spread of sound 
images to 180° would be a considerable 
advantage and quite adequate provided full 
use was made of depth perspective and 360° 
of reverberation. The further spread of sound 
images to 360° would only give a marginal, if 
any, advantage. 

The problem with two -channel matrices is 
in getting a satisfactory compromise 
between relative phase shift; evenness of 
sound image distribution; cross -talk and 
compatibility. 

The relative phase shift between speakers 
has no great significance for reverberation as 
it has random phase. On the other hand, if 
sound images have too much relative phase 
shift between speakers and image becomes 
blurred and less distinctive from the rever- 
beration, listening position and other factors 
which influence phase become more critical; 
compatibility deteriorates; positional distri- 
bution and balance are affected. 

If the principle of restricting sound images 
to 180° in the front sector while allowing 360° 
of reverberation could be accepted, a 
two-channel matrix could be chosen, which, 
should have relative phase balance between 

right and left. The whole of the front sector 
could then be shifted in relative phase after 
encoding to provide optimum phase condi- 
tions for compatibility. If required the in- 
coming signal would again be shifted in 
relative phase to provide the conditions 
required for decoding each of the four output 
channels. After decoding the four output 
signals would be finally adjusted in relative 
phase to provide optimum subjective results 
for images in the front sector. 

Such a system could give a better combin- 
ation of performance and compatibility than 
any two -channel full surround system. 

Although at the time of writing the BBC 
have not yet published details of their "H" 
matrix, if one may assume that the "H" refers 
to the shape of its relative phase /relative 
amplitude characteristic, then it would 
probably be an ideal matrix for the suggested 
purpose. 
D. Kirkman, 
Ifield, 
Crawley. 

Editor's note: The H matrix was described in a BBC 
Research Department report dated November 1974. 

ADVANCED RADIO 
MONITORING 

Those of your readers who have ever been 
interested in h.f. surveillance, either profes- 
sionally or as amateurs (for amateur radio 
has much in common with this facet of 
communications), will have read "Advanced 
radio monitoring" (November 1976) with 
great interest - but a little sadness and 
puzzlement. 

It is no criticism of this interesting 
computer- enhanced system to regret that 
according to the authors, h.f. surveillance has 
become if only in part "a soul destroying, 
time consuming and very boring task." Or to 
wonder how it becomes less so by taking 
away from the operators the responsibility 
for tuning to the correct frequency at the 
correct time with the correct aerial etc. 

In the wartime days when "ultra" and 
"pearl" and the intercept stations and 
voluntary interceptors feeding Bletchley 
Park - as revealed in recent books - made a 
significant contribution to military intelli- 
gence, such work was not usually regarded 
as particularly "soul destroying" but rather 
an interesting, often exciting, responsible 
and highly skilled form of radio operating. If 
it has since become "boring" then may not 
that be a question of how the work is 
organised and rewarded, and whether the 
operators are able to feel that they are not 
just human -computers still carrying out 
those functions for which the computer 
proper is unsatisfactory: signal identifica- 
tion, knowledge of h.f. propagation and the 
ability to read bad morse from a possible 
drifting, weak, fading and interfered -with 
signal? . 

The work of Geoffrey Perry and his team of 
schoolboys at Kettering Grammar School is a 
recent example of how much information 
can be obtained by diligent monitoring and 
the intelligent evaluation of results, using 
just the basic tools of the trade to unravel 
much information about the Cosmos space 
satellites. 

The authors state "the existing pool of 
highly skilled operators has begun to dry up 
and it is proving difficult to find replace- 
ments." This may well indeed be true, not 
only for surveillance but for other forms of 
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radio operating. This is the inevitable result 
of many years of neglect and down grading in 
this country of the skills of manual tele- 
graphy and the radio communicator, and the 
long -term efforts of industry to de -skill all 
such systems, rather than to encourage the 
use of human as well as electronic skills. 

This is very far from suggesting that 
surveillance, and other forms of radio 
communication, should not take full advan- 
tage of modern technology, as in CERES. But 
rather it is a mild protest at the implication 
that h.f. c.w. reception or monitoring is 
necessarily any more "boring, time- consum- 
ing or soul destroying" than computer 
operating. 
Pat Hawker, 
London SE22. 

CITIZENS' BAND I N THE 
USA 

In my Letter from America in the September 
issue, I said "the average CB mobile 
transceiver has 23 channels selected by a 
rotary switch and it would most likely use 
four crystals in a synthesis circuit." This 
should read "fourteen crystals" and the extra 
"synthesized" frequencies are obtained by 
heterodyning two crystals together to 
produce a third frequency. Some designers 
use only 11 crystals - a triumph of 
ingenuity! However, the more recent models 
with p.1.1. circuitry need only 3 or 4 crystals 
and those now at the drawing board stage 
designed for use with the Siemens S187 
digital frequency synthesizer require only a 
single crystal - which make the makers of 
these items very unhappy. 
G. W. Tillett, 
Seminole, 
Florida, USA. 

HARROGATE SOUND 
DEMONSTRATION 

Contrary to your statement that Sansui were 
demonstrating four -channel equipment 
through two speakers, in the article "Alive 
and just kicking," in the November issue, I 

would point out that at the Harrogate 
exhibition we did not in fact demonstrate any 
four -channel equipment, due to the limita- 
tions on space available. Most people would 
agree that an area of 10 ft by 18 ft would not 
allow adequate definition of position to 
warrant demonstration to the public. 

We therefore demonstrated our stereo 
equipment only. The four -channel equip- 
ment was on show only and not in use. 
Peter Gibson, 
Vernitron Ltd 
Southampton 

Correction 

In the article by J. H. Cook on the Remote 
Control Servo published in our December 
issue a number of errors appeared. Fig. 2 and 
4 became transposed and line 9 of the centre 
column of page 60 should read "the 
conditions in Fig. 2 prevail ". The caption to 
Fig. 4 should refer to I3G2, not Cy. 
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Weather -satellite picture 
facsimile machine -2 
Sample- and -hold detector and line dividers 
by G. R. Kennedy 

Video detector and amplifier. Unlike the 
case of modulating an oscilloscope 
c.r.t., as described in the previous 
article4, the 2.4kHz signal cannot be 
applied directly to the light source 
because the light beam needs to be 
bright for a low signal and dim for a high 
signal to give a positive print. A 
conventional diode- capacitor detector 
has a certain inherent time constant, 
but to demodulate a 2.4kHz signal, this 
would need to be rather long. The 
sample- and -hold detector used in this 
machine has a time constant or inte- 
gration period of one cycle of the 2.4kHz 
waveform and can virtually change 
from a low to a high modulation level in 
one cycle. Its bandwidth then extends 

from zero to approximately the carrier 
frequency. Although a little complex to 
arrange, it is an ideal detector for 
relatively fast modulation of a slow 
carrier. The principle is shown in Fig. 6. 
A modulating waveform is applied to a 
carrier and the resulting modulated 
carrier is sampled at each peak. The 
amplitude of each sample is held until 
the next sample, which then holds that 
value, and so on. Assuming the settling 
time of the holding circuit is very short, 
then even with a slow carrier a 
squarewave demodulated waveform is 
possible. In practice the settling time 
will not be infinitely short and there will 
be some leak or droop of the holding 
level from one peak to the next. 

mom wpm mum 
ifimirmti 

(a) 

(b) 

) 

(cl 
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However, the frequency response of this 
type of demodulator is much higher 
than that of the simple diode -capacitor 
detector. Fig. 6 shows actual sample - 
and -hold detector waveforms. 

Fig. 6. Diagrams show the basic 
principle of the sample- and -hold 
detector, see text. (a) - original 
modulating waveform. (b) - modulated 
carrier. (c) - sampling pulses. (d) - 
idealized demodulated waveform. 
Photographs show actual detector 
waveforms. Upper traces are from the 
light source monitor (200m V /div. 
inverted). Lower traces show the 
2.4kHz modulated carrier input 
(5V /div.) Horizontal scale is 
30ms /div. 
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Fig. 7. Sample- and -hold detector and 
light- source drive amplifier. S5 is the 
crater tube on /off switch. 

The detector circuit and the following 
amplifying stages are given in Fig. 7. 

The 2.4kHz input signal is applied to the 
sample- and -hold section Tr2, 'Tr3, Tr4 
(Ref. 7). Tr2 and Tr3 form a voltage 
follower which drives the store capaci- 
tor C7. The input bias network R22, RV5, 

R23 set the zero input following level and 
in practice set the brightness level of the 
final picture. Tr4 is a switch which, 
when off, allows Tr2 and Tr3 and hence 
C7 to follow the input voltage. When Tr4 
turns on due to a positive sample pulse 
via R2R, diodes D5, D6 and D7 reverse 
bias; Tr2 turns off, turning Tr3 off 
isolating C7. If the internal and external 
leakage paths of C; are of high resis- 
tance and the holding period is not long, 
the voltage across C7 will remain 
virtually constant until the next input 
voltage following period. Since the 
circuit driving C7 has a low output 
impedance, it is capable of conducting a 
high current in and out of C7, and 
therefore the circuit is able to rapidly 
follow changing sampled levels. Diode 
D5 ensures that the input transistor 
base -emitter voltage is not exceeded 
when Tr4 switches on: D7 balances the 
forward voltage drop of D5. D8 is a 
speed -up diode to stop Tr4 saturating 
during fast following. The maximum 
input signal is approximatel3 
9Vpk -pk. The sampled voltage 
on C7 is followed by the very high 
input impedance stage Try and 
voltage amplified by Tr6. Transistor Try 

is the light source modulator which is 

current driven by the d.c.- coupled 
emitter follower Tr,. The gain is set by 
the un- decoupled 5052 10 -turn potentio- 
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meter RVs in the emitter of Tr6, and the 
maximum safe drive to the light source 
is set by RV7 in the base feed to Tr9. C8, 
C9, R36 and LI prevent high- frequency 
ringing of the light source signal, and 
the transistor by -pass R38 provides a 
"keep- alive" path for the light source, 
once struck. The light source current is 
monitored by a 50mA meter in series 
with its supply, and is protected against 
mishap by the 60mA fuse F1. This has 
appreciable resistance and forms a 
small resistive collector load. The 
light- source modulating waveform is 
monitored across the 1052 resistor R37 in 
the emitter line of the output transistor 
Tr9. Tr7, which is a shunt switch 
controlled by the ILL-level strobe pulse, 
keeps the light source at very low drive 
during the off period, when it is fully on, 
and allows light source modulation 

Fig. 8. Sample pulse generator. 
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during the strobed -on period. The 40V 
supply which is used for the later stages 
is dropped by R39 and partially stabilized 
by D9 and C10 to form a + 10V supply for 
the input stages. The light source 
supply is + 165V and Tr8 and Tr9 have 
very high voltage ratings to allow for 
all contingencies. 

Since a positive print is required from 
the bromide paper - Lself a reversing 
medium - the sample- and -hold detec- 
tor and light- source drive circuit 
reverse the sense of the signal modula- 
tion. A high (white) signal virtually cuts 
off the light beam, whereas a low 
(black) signal turns the light source 
fully on. Typical waveforms are shown 
on the circuit diagram. 

The sample -pulse generator, see Fig. 
.8, uses two integrated circuit monosta- 
ble chips. Monostable IC6 is triggered by 
the 2.4kHz clock -rate signal, producing 
a delay pulse, the duration of which is 

+5V 

C14 

Sample pulse 
Output 

C15 
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Fig. 9. Block diagram of SR line divider. 
Divide -by -5 and divide -by -2 dividers are 
paired, each pair being derived from a 
7490 i. c. 

set by RV8 and C12. The trailing edge of 
this pulse triggers IC7, which produces 
the sample pulse, the duration of which 
is set by RV9 and C13, from the Q output 
terminal. The supply rail is decoupled by 
C14 and C15 to prevent power supply 
transients from falsely triggering the 
monostables. 

A low frequency drive for the drum 
and traverse motors is generated by the 
SR Line divider. The drum rotation is 
then locked to each SR line so that 1/3, 
1/4 or 1 /5th of the line is printed, 
according to the setting of the line 
division switch. The traverse is driven 
from the same frequency as the drum so 
that the correct aspect ratio (index of 
co- operation) of the final picture is 
maintained. Drive frequency generation 
for the 1/3 and the 1/4 lines is difficult to 
arrange since a simple division of the 
satellite sub -carrier or clock frequency 
of 2400Hz is not possible. For a 
synchronous druid motor giving 
240rev /min at 48Hz drive, one drum 
revolution takes 250ms, which is 1 /5th 
of an SR line period. For the same 
motor, the frequencies are 28.8Hz for 
the 1/3rd line and 38.4Hz for the 1/4 
line. Fig. 9 shows how these rather 

7492 

o 
38.4Hz 
1/4 line 

552 

2 4kHZ 

-5 

o 
48.0 Hz 
1/5 line 

awkward frequencies are produced so 
that SR picture magnification can be 
achieved. A phase- lock -loop, with a 
28.8kHz v.c.o., is arranged with a 
divide -by -12 circuit inserted in the loop 
between the v.c.o. and the phase- sensi- 
tive detector (p.s.d.). This compares the 
phase of the divided oscillator with the 
clock signal and keeps the v.c.o. 

Fig. 11. Picture slip oscillator. A 
squarewave signal generator which, 
when switched into the motor drive 
chain divider, may be used to adjust 
the drum rotation speed for setting the 
picture edge position. 

D10 

c2j 
L 

RVt0 

phase- locked to the clock frequency. 
The 28.8kHz v.c.o. frequency is divided 
by 125 giving 230.4Hz, which is then 
divided in parallel by 8 and 6 to give 
28.8Hz and 38.4Hz for the 1/3 and the 
1/4 lines respectively. The 1/5 line 
frequency is obtained by simple division 
of the 2.4kHz clock signal by 50. Details 
of the 1/3 and 1/4 line division circuitry 
are shown in Fig. 10(a). C16 couples the 
clock signal to the phase -lock -loop chip 
ICs. The v.c.o. output at 28.8kHz is 
buffered to t.t.l. level by Tr10 and taken 
via C22 to IC9, the divide -by -12 stage, 
and via C22 to IC10, one of the 
divide -by -10 chips. The divided signal, 
at 2.4kHz, is fed back to the loop via C21 

to the p.s.d. These are arranged as a 
divide -by -5 and a divide -by -2 on each 
chip. The divide -by -5 output of IC10 is 
connected to the subsequent stages in 
IC11 and IC12 and the 230.4Hz thus 
obtained is then passed through the 
divide -by -2 stages in IC10, IC11 and IC12 
to give the 1/3 line 28.8Hz output from 
IC12. The 230.4Hz is also divided by 6 in 
IC13 to give the 1/4 -line 38.4Hz output. 
Since the final stages of both IC12 and 
IC13 are bistables, the outputs are 
square waves of equal mark -space. 

The 1 /5th line division circuit is 
shown in Fig. 10(b). Here, an alternative 
divide -by -5 circuit is shown, which can 
also be used in the previous section if 
more convenient. It uses two synch- 
ronous modulo -5 unweighted up- 
counters, ICI,, IC15 and IC16, and IC17, 
IC18 and IC19, and a divide -by -2 toggle 
IC20. It is shown in generalised form for 
utilizing any cheap surplus J -K flip -flop 
integrated circuits. The feedback of 
each modulo -5 counter modifies the 
count of the three bistables to give 5 
instead of 8. As before, the final stage 
gives a 1:1 mark -space ratio square 
wave. It should be noted that the 1 /5th 
line 48.0Hz output is used when printing 
APT and WEFAX. 

Picture slip oscillator. A square -wave 
signal is generated, which can be 
switched into the motor drive chain 
divider to give a slightly different drum 
rotation speed for setting the picture 
edge position. The signal cannot' be 
derived from the 2.4kHz clock signal 
since servo action of the whole circuit 

,MM 
R50 

R49 

ST 

IC21 (halt chip) 

2.3kHz 
output 
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Fig. 10. Top - SR line divider for 1/3 
and 114 -line division. Bottom - SR 
line divider for 115 -line division. 

keeps the drum locked to the picture, 
wherever the edge happens to be. 
Almost any multivibrator would be 
adequate, with fine adjustment to bring 
the frequency near to 2.4kHz. A suitable 
circuit, given in Fig. 11, uses half a dual, 
Schmitt trigger i.c. as a feedback 
square -wave oscillator. The action is as 
follows: assuming the output of the 
Schmitt trigger to be high, C23 charges 
through R49 and RVIO until the voltage 
across it equals the Schmitt rising 
trigger level and the circuit switches 
turning the output low. The potential 
across C23 falls until the falling trigger 
level is reached, when the circuit 
switches and the output goes high 
again, and so on. Diode D10 prevents the 
circuit from being reverse biased at the 
moment of switching, and also ensures 
that the output has an approximately 
1:1 mark /space ratio. The frequency is 
determined by the time constant of C23, 

R49 and RV10. 

Correction 
In the list of capacitors, published last 
month, C31 should be 0.1µF not 211F /25V 
as stated. 

28'8Hz 0 0 38'4Hz 

1j31ine 1j41ine 
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48 0Hz 
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CRANFIELD 

AUDIO 

WEEKEND 
Wireless World, in association with 
the Cranfield Institute of 
Technology, will be holding an 
Audio Weekend at the Institute on 
Saturday, 1st and Sunday, 2nd April, 
1978. Designed for those involved 
in the manufacture, sale and use of 
the highest quality audio equipment, 
the event will make use of the 
unique resources of Cranfield, the 
national postgraduate university for 
advanced technology and 
management. The programme will 
cover the complete sound 
reproducing chain, turntables, arms 
and cartridges, amplifiers and 
tuners, loudspeakers, tape cartridge 
and cassette recorders, microphones 
and headphones and programme 
sources. 

Lectures and demonstrations will 
be given by internationally known 
experts. A live versus recorded 
sound demonstration will form part 
of the programme. An associated 
exhibition of equipment will run 
throughout the weekend and 
delegates will have full opportunities 

to assess and inspect equipment 
and to discuss their requirements 
with experts, not only during formal 
sessions but informally. 

A special social programme will 
include a recital of discs and tapes, 
a "live" musical recital and a buffet 
dance. Also planned is a 

non - technical alternative ladies' 
programme. 

All meals and refreshments will be 
provided and will be included in the 
fee. Limited accommodation in 
single study bedrooms will be 
available at Cranfield for an 
additional charge. 

Cranfield is in a pleasant country 
situation mid -way between London 
and Birmingham, ten miles from 
Bedford. It is four miles from the 
11!11 motorway, and is approached 
from junction 13 or 14. 

The Cranfield Audio Weekend 
provides a unique opportunity to 
study in a perfect environment the 
present and future of sound 
reproduction. If you are interested in 
participating, please write to the 
following address and full details 
will be sent to you as soon as 
possible: 

The organisers, CRANFIELD 
AUDIO WEEKEND, IPC Business 
and Industrial Training Limited, 
Surrey House, Throwley Way, 
Sutton, Surrey SM1 4QQ. 
(Tel. 01 -643 8040.) 
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Logic design 
1- Boolean algebra and Karnaugh maps 

by B. Holdsworth and L. Zissos Chelsea College, University of London 

Up to 1969, when the Boolean 
sequential equations were developed, 
the design of sequential circuits was 
achieved through an empirical choice 
of unrelated informal techniques 
paying little attention to engineering 
constraints until, in most cases, the 
implementation stage. The advent of 
the sequential equations has made 
possible the development of clear -cut 
step -by -step design procedures in 
which realistic circuit constraints are 
taken into account at the design level. 
No engineering or other specialist 
knowledge is necessary to use these 
design procedures. 

The design philosophy adopted in this 
series is one that allows the emphasis to 
be placed on optimal rather than 
minimal design. This is to enable 
technicians, users with no specialist 
knowledge of electronics, and the less 
experienced designer, to produce sound 
and economical designs, while at the 
same time providing the means where- 
by the specialist designer may improve 
his technique in dealing with more 
sophisticated assemblies involving such 
devices as r.o.ms, r.o.ms, microproces- 
sors, and so on. 

The primary design objective is to 
produce sound and reliable digital 
systems which are meaningful not only 
to the designer but also to the user. 

Basic concepts 
As in conventional algebra, so in 
Boolean algebra variables are combined 
into expressions with operators that 
obey certain laws. The Boolean varia- 
bles, denoted by letters of the alphabet 
such as A,B,C etc., are binary variables 
and may assume one of two values, 0 or 
1, or they may be alternatively read as 
'false' and 'true' respectively. They are 
not the 'zero' and 'one' of arithmetic and 
the operations that can be performed on 
them are somewhat different and more 
limited than the normal arithmetical 
processes. 

Although there exists a wide number 
of Boolean operators, such as NAND, 
NOR, etc., we need only consider three 

operators at this stage - all other 
operators can be expressed in terms of 
these three. They are: 

Boolean addition, 
Boolean multiplication, 
Boolean inversion. 

The addition operator is written as + 
and may be interpreted as 'OR'. A + B 
may be read 'A or B' or 'A plus B'. It is 
true if either A is true or B is true or both 
are true, otherwise it is false. Thus, 

0 +0 =0 
0 +1 =1 
1 +1 =1 
1 +0 =1 

The multiplication operator is written 
as . or X , or omitted when its factors are 
variables denoted by single letters, and 
may be interpreted as 'AND'. A.B (or 
AB) may be read 'A and B' or as 'A times 
B'. It is true if A and B are both true, and 
false otherwise. Thus, 

0x0 =0 
0x1 =0 
lx1 =1 
1 x0=0 

The inversion operator is written as a 
bar over the variable and the bar may be 
interpreted as "NOT ". For example, A 
may be read as "NOT A ". 

If A =1 then A = 0 
and if A =0 then A= 1 

Boolean theorems 
Redundancy. 

A+AB =A 

Fig. 1. The redundancy theorem 
implemented in a relay circuit. From 
the three relays giving f =A +AB is 
derived the single -relay circuit giving 
f= A, since AB contains A and is 
therefore redundant. 

A T B 

Proof: A +AB = A.1 +AB 
= A(B +B) +AB 
= AB +AB +AB 
=AB +AB 
= A.1 
=A 

This theorem states that in a sum - 
of- products Boolean expression, a pro- 
duct that contains all the factors of 
another product is redundant. As a 
consequence it allows the elimination of 
redundant products in a sum- of -pro- 
ducts expression. For example, in the 
Boolean function f = AB + ABC +ABD, 
the products ABC and ABD can be 
eliminated, because each contains all 
the factors present in AB. 

The application of this theorem to a 
relay circuit is shown in Fig. 1. 

Race -hazards. The main interest of the 
logic designer in this theorem is in its 
use in logic circuits for the suppression 
of race -hazards, which result in the 
generation of unwanted spikes. For 
example consider the Boolean function 
f =AB +.AC. Following changes in A, 
there is a race -hazard when B = 1 and 
C =1, since the function then reduces to 
f =A +A. The use of an inverter to 
generate A from A implies a delay 
between the waveforms of A and A as 
shown in Fig. 2. This leads to the 
generation of a transient signal as 
indicated in the same diagram. 

The unwanted transient can be 
averted by the introduction of an 
optional product, that is a Boolean 
product whose presence in an expres- 
sion does not affect the value of the 
Boolean function. A suitable optional 
product for the function f = AB + AC is 
formed by taking the product of the 
coefficients A and A. 
Hence, AB + AC = AB + AC + BC 

P A Q 
O o o O 
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1 

A 0- 
1 

ñ 
0 

A-I-A 
1 

0 

Fig. 2. A race hazard. A is obtained by 
inverting A and is subject to a delay, 
resulting in the interval during which 
neither A nor A is 'up.' The output 
f =A +A is therefore not true, or 'down' 
during this time. 

Proof: AB + AC + BC 
= AB + AC + (A +A)BC 
=AB+ AC + ABC + ABC 
= AB(1 + C)+ AC(1 + B) 
=AB +AC 

The product BC is optional so long as 
its parent products, AB and AC remain 
in the expression. Should, however, one 
of its parent products be eliminated (by 
applying the redundancy theorem), 
then such a product is no longer 
optional and cannot be removed from 
the expression. 

If now B =C =1 the expression 
f= AB +AC +BC reduces to 
f= A +A +I, which always has the 
value 1 irrespective of the values of A 
and A. 

The use of optional products will now 
be demonstrated with the aid of three 
examples. 
(1) Elimination of parent product. 

f = A +ABC, 

Form the optional product BC: 
f =A + ABC +BC, 

Eliminate parent product ABC using 
theorem of redundancy: 

f =A +BC. 
(2) Elimination of non -parent product. 

f= AB + AC + BCD 

Form the optional product BC: 
f=AB+AC +BC+BCD. 

Eliminate non -parent product BCD 
using theorem of redundancy: 

f= AB +AC +BC. 
But BC is an optional product and is 
redundant, hence 

f = AB + AC. 
(3) Elimination of non -parent product 
and parent product. 

f =AB + ABC +BCD 

Form the optional product BC: 
f= AB + AB( +BCD +BC. 

Eliminate non -parent product BCD and 
parent product AI-HC using theorem of 
redundancy: f A!' +BC. 

De Morgan's theorem. The complement 
of a Boolean expression can be obtained 
by replacing each variable by its 
complement in the corresponding dual 
expression. For example, the dual of 
f =A +BC is obtained by replacing the 

operator + by . and vice versa. 
Hence the dual expression is 

fp= A(B +C) 

f = A(B +C) 
that this is so can be confirmed with the 
aid of a truth table as shown in Fig. 3. 
Examination of columns 8 and 10 of this 
table show that A(B +C) is the 

and 

If there are terms common to both of 
the sums to be multiplied the process of 
multiplication can be further simplified 
by noting that such terms appear in the 
product in their original form. For 
example 

(A +BC) (A + DE) 
= AA +ADE +ABC +BCDE 
= A +BCDE. 

complement of A +BC. Hence, if P =(I +X) and Q =(I +Y) 
where I is the common term, 
then PQ = (I +XY). 
Finally, if P = (Hr + Tr + I) and 

Q= (Hr +T2 +I), 
then PQ = H1T2 +Hr Tr +I 

Boolean reduction 
A Boolean function is said to be 
irredundant, or reduced, if it contains no 
optional For the 

A. B C A B C BC A+BC B+C A(B+C) 

0 0 0 1 1 1 0 0 1 1 

0 0 1 1 1 0 0 0 1 1 

0 1 0 1 0 1 0 0 1 1 

0 1 1 1 0 0 1 1 0 0 
1 0 0 0 1 1 0 1 1 0 
1 0 1 0 1 0 0 1 1 0 
1 1 0 0 0 1 0 1 1 0 
1 1 1 0 0 0 1 1 0 0 

Fig. 3. The truth table shows that 
A(B +C) is the complement of A + BC. 

Example. Find the complement of 
f = A(BC + BC +BCD). 
Apply redundancy 

f = A(BC + BC) 
dualise: fo =A + (B +C) (f1 -FE) 
invert: f = A + (B +C) (B +C) 

f= A +BC +BC 

Fan in. This theorem has its application 
in those logic circuits where there is a 
fan -in restriction placed on the designer 
by the availability of gate inputs. This 
matter will be dealt with more fully in a 
later article. 

It is frequently convenient, when 
multiplying out two Boolean sums to 
refer to one section of the sum as its 
head, H, and to the remaining section as 
its tail, T. The statement of the theorem 
then is: 

(H, +T,) (R, +T2) = HrTZ +H1T1 

Proof: l.h.s. = (H, +T,) (Hr +T2) 
=HrHr +HrT2+H1T1 +'I' 

Now HrHr =0 and 'l'r'l'2 is redundant by 
theorem of race- hazards: therefore 

I.h.s. = Fi1T, + H1T1 

This theorem allows us to multiply out 
two Boolean sums, two sections of 
which are the complement of each 
other, without generating algebraically 
redundant products. 

The partition of a Boolean sum into 
head and tail is arbitrary. For example 
in the case of the Boolean sum A +B +C 
any of the following partitions is 
allowable 

head tail 

A B+C 
B A+C 
C A+B 

4+B C 

AIC B 

R-1 -C A 

Example. f (A- f -B +C) (A +DE +F) 
Let 11, = A and Tr = B+ C 

112 = A and T2 = DE + F, 

then (A +B +C)(A +DE +F) 
= A(DE+F) + A(B +C) 
= ADE +AF +AB +AC 

products. example, 
factor A in the function f = A + AB is 
redundant, since A +AB = A +B. Re- 
dundancies in two -level Boolean 
expressions can be removed in three 
steps, using the theorems of redun- 
dancy and racehazards. If an expression 
contains more than two levels, it is 
converted into its two -level sum -of- 
products form by multiplying out. 

The three steps for eliminating 
redundancies in Boolean expressions 
are: 

(1) Multiply out. 
Consider the Boolean function 

f = BC + (AB + C)C + A 
Apply (1): 

=BC + ABC +CC +A 
=A +BC +ABC 

(2) Apply redundancy theorem: 
In (I) the expression f = A + BC + ABC 
was derived. Step (2) is commenced by 
considering the first product, in this 
case A. Now scan the products to the 
right of A, looking for a product that 
contains the factor A. Here ABC is such 
a product and this is eliminated, result- 
ing in f = A +BC. Since there are no 
products to the right of BC the step is 
not repeated. 

(3) Apply theorem of race hazards: 
The first variable in the first product is 
selected and the remainder of the 
expression is scanned for a product that 
contains the complement of the selected 
variable. When such a product is found, 
an optional product is formed using the 
second theorem. The optional product is 
used to eliminate non -parent products 
and /or to replace parent products as 
previously described. If a parent pro- 
duct has been replaced, the optional 
product is inserted at the beginning of 
the expression and (3) is repeated. If the 
optional product has not been used, it is 
discarded. Step (3) is repeated until all 
first -level optional products have been 
generated. Repeat (3) if necessary using 
higher level optional products'. For 
example: 

f= A +AB +BC +ABD. 
Form the optional product B: 

f= A +1B +BC +ABD +B. 
Eliminate parent product AB and non - 
parent product BC: 

f= B +A +ABD. 
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Form optional product AD: 
f = B + A + ABD + AD. 

Eliminate.parent product ADD: 
f = AD + B + A. 

Form optional product D: 
f = AD + B + A + D. 

Eliminate parent product AD: 
f = A + B + D, 

which is the required result. 

Minimisation 
A Boolean sum -of- products expres- 

sion is said to be minimal if (a) no other 
sum -of- products expression for the 
same function has fewer products, and 
(b) of other sum -of- products expres- 
sions for the same function with the 
same number of products, none has 
fewer factors. 

There are three main methods for 
minimisingBoolean expressions. 

These are: 
The Karnaugh map method. In this 

method the function is displayed on a 
map and by suitable looping arrange- 
ments the minimal form is obtained. 

The Quine- McCluskey method'. In 
this method all irredundant forms of a 
given Boolean function are generated 
and the shortest one chosen. 

A step -by -step algebraic method' 
which does not involve expansion of the 
function. 

In this article the Karnaugh map 
method will be described. 

Consider the Boolean function: 

f = ABC + -ABC + ADC + ABC +AB 
= (A +A, BC +(A +A) BC +AB 
= BC +BC +AB 
= (B +B) C +AB 
= C +AB 

The original expression has been trans- 
formed algebraically into a simpler 
Boolean function which requires less 
hardware for implementation. Certainly 
in the era before the advent of the 
integrated circuit, minimization of 
Boolean functions was a positive 
advantage. In these days of integrated 
circuits the advantages of Boolean 
minimisation at the gate level are less 
obvious and the designer is now think- 
ing in terms of minimizing the number 
of chips, both from the point of view of 
economy of space and cost. However, 
the formal process of simplification 
does lead the designer to a facility for 
handling Boolean equations and in that 
sense it is still useful. 

The simplest and most widely used 
method of simplification employs a 
mapping technique. Maps for two, 
three, four and five variables are shown 
in Fig. 4, and are called Karnaugh maps. 

For the two -variable map there are 
four cells, each of which represent one 
of the four possible combinations of the 
two variables. In the top left hand cell of 
the map A =0 and B =O, that is, the cell 
represents the minterm mo = AB, where 
a minterm may be defined as a Boolean 
product which contains all the variables 
in their true or inverted form. The 
decimal number in a cell is the decimal 
equivalent of the binary representation 

E=0 
CD 

AB00 01 11 10 

00 O 2 6 4 

01 8 10 14 12 

11 24 26 30 28 

10 16 18 22 20 

BC 
(b) 

A\ 00 01 1 1 

0 

1 

10 

0 1 3 2 

4 5 7 6 

CD A\ 00 
00 

01 

(d) 

11 

10 

E=1 

01 11 10 

1 3 7 5 

9 11 15 13 

25 27 31 29 

17 19 23 21 

Fig. 4. Karnaugh maps for two(a), 
three(b), four(c) variables. In the case 
of five variables, two maps are needed, 
as shown at (d). 

Fig. 5. The Karnaugh map for 
f =ABC +ABC +ABC +ABC +AB. The 
ringed 'l's show that the expression can 
be minimized to f =C +AB. 

of the minterm associated with that 
particular cell. For example, the min - 
term associated with the top right hand 
cell of the two variable Karnaugh map is 
AB and its binary representation is 01 
which has a decimal equivalent of 1. 

Any Boolean function of a given 
number of variables can be plotted on a 
Karnaugh map. For example, consider 
again the function: 

f =ABC + ABC +ABC + ABC + AB 
The first term in the expression ABC 

has a binary representation of 001 and 
the cell corresponding to 001 on the map 
shown in Fig. 5 is marked with a 1. It 
follows that the terms ABC, ABC, and 
ABC can be plotted on the map using 
the same method. The remaining term 
AB= AB(C + C)= ÀBC + ABC and the 
binary representation of these two 
terms is 011 and 010 respectively, 
corresponding to cells 2 and 3, but cell 3 
has already been covered by the term 
ABC and it is only necessary to enter a 1 

in cell 2 to complete the plot of the 
function. 

The above example has shown that a 
3- variable term occupies one cell only 
on a 3- variable map, a two variable term 
occupies two adjacent cells on the map 
and a single variable term will occupy 
four adjacent squares on the map. For 
example, the term A would be plotted in 
the cells marked 4, 5, 7 and 6 on the map 
and these four adjacent squares repre- 
sent that term. 
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11 
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5 7 6 

f = ABC + ABC+ ABC + ABC + AB 

The process of simplification there- 
fore reduces to the process of identify- 
ing plotted adjacencies on the Kar- 
naugh map and then looping these 
adjacencies as shown in Fig. 5. The 
four -cell adjacency represents the term 
C and the two cell adjacency represents 
the term AB and the minimal function is 

f =C + AB 
as was previously determined by alge- 
braic methods. 

Clearly to get the minimal form of the 
function the largest possible adja- 
cencies should be chosen. 
Example Minimize the Boolean func- 
tion: 

f =BD + 'AEC +ABC +ACD+ 
ABCS + ABU). 

The function is shown plotted on the 
Karnaugh map in Fig. 6 and the 
adjacencies giving the minimal function 
are shown looped. 

AB \ .00 

Fig. 6. Minimal function of 
f= BD + ABC +ABCABC +ACD + ABC + ABCD 
is shown to be f= BD +AC +AC +BCD. 

00 

01 

11 

10 

01 11 10 

- 11 im® 
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f = BD+4C +AC + BCD 
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From the map 
f= BD +AC +AC +BCD 

orf= BD +AC +AC +ABD 

Example Minimize the Boolean func- 
tion shown plotted in Fig. 7. 

For five -variable functions two maps 
are required as shown in Fig. 7 and the 
minimisation process can then be 
carried out in two steps: 

Step (1): Minimize the functions 
plotted in the E = 0 and E = 1 maps as if 

dealing with two separate four -variable 
problems. 
This gives f, = BDE + ABDE + BCDE 
and f2= BDE +ABDE +ACDE 
Note that in this case there are two 
equally valid minimal solutions for the 
E =1 map, one of which has been 
chosen. 

Step 2: Look for combinations 
between cells on the E= 0 and E= 1 

maps which will lead to the elimination 
of factors from any of the terms in f, or 
f2. 

For example, the term BDE in f,, may 
be written as BDE +ABM and the term 
ABDE can be combined with the term 
ABDE in f2 to generate the term ABD 
thus eliminating the factor E between 
these two terms. The minimal sum is 
then given by the logical sum of f, and f2 

after all possible combinations have 
been made between the two maps. This 
leads to the following minimal solution. 

f =FIDE +BDE +ABD + BCD + 
ABD +.ACDE 

Obviously, the process of minimiza- 
tion using maps becomes more compli- 
cated as the number of variables in a 
problem increases. However, the meth- 
od is readily usable up to six variables. 

It was shown earlier in this article in 
the section on the race -hazard theorem 
that unwanted transient signals can be 
averted by the introduction of optional 
products. For example, for the Boolean 
function f =AB +AC a race -hazard 
occurs, following changes in A, when 
B =C =1, and it is eliminated by intro- 
ducing the optional product BC so that 
the function becomes f = AB + AC + BC. 
The original function is shown plotted 
in Fig. 8(a) and the new function 
including the optional product is plotted 
in Fig. 8(b). 

Before the introduction of the 
optional product the Boolean function 
was irredundant in that it contained no 
loops, when plotted on Fig. 8(a), that are 
already covered by other loops. The 
function was also minimal. However 
with the introduction of the optional 

-iduct a loop BC is formed which is 
a« ,dy covered by the loops for AB and 
AC. The function is now no longer 
minis.. ' in that it contains a redundant 
product ..C. This example shows that 
the introduction of redundancy into a 
Boolean function is necessary to eli- 
minate race hazards and that the 
minimal solution is not always the best 
solution. 

Clearly the possibility of a race- 
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Fig. 7. A further example of 
minimization. 

f=,4B+AC 
(a) 

Fig. 8. The use of optional product BC 
in (b) eliminates the race hazard with 
changes in A. 
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Fig. 9. More elimination of race 
hazards, shown by arrows in (a) by 
optional products shown at (b). 

hazard occurring can easily be spotted 
on a Karnaugh map plot of the Boolean 
function to be minimized. 

The minimal form of the function 
shown plotted in Fig. 9(a) is 
f =AD +ABC +ABC but race -hazards 
will occur at the places indicated by 
arrowheads on the map. To eliminate 
these race -hazards two extra loops 
should be added to the Karnaugh map 

Wireless World, January 1977 

E =1 

01 AB \ 00 

00 

01 

11 

10 

11 10 

illo 
ri IMO 

Di / 
f2 = BDE+ABDE+ACDE 

(b) 

A\ 00 01 

AB 

0 

1 

11 10 

i ME 
1 

i 

...1 

CD 

00 

01 

11 

10 

f= AB+AC+BC 
(b) 

00 

(b) 

01 , 1 1 , 10 
. 

IN 
; ISO 

, 

C1 
i ¡1' 

. _,; 

(( K, 
. 

l 
1/ 
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plot as shown in Fig. 9(b) and the 
minimum hazard -free function becomes 

f =AD +ABC +ABC + BCD +BCD 
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Morse keyboard and memory 
The key to perfect c.w. sending 

by C. I. B. Trusson, M.Sc., M.I.E.E., G3RVM Plessey Semiconductors 

The keyboard- and -f.i.f.o. morse keyer 
uses an RC oscillator to accurately 
control the mark /space ratio of morse 
characters and the duration of inter - 
character and inter -word spaces. The 
keyer also uses a basic oscillator clock 
which is divided down and switched to 
allow morse .code outputs at 6, 12, 24 
and 48 words -per- minute, four discrete 
speeds being sufficient for amateur - 
band operating. Six w.p.m. is suitable 
for sending to very weak DX stations 
and 12 w.p.m. can be used for DX 
stations and novice operators. 24 
w.p.m. is the speed used for 90% of 
QSOs (çontacts) and 48 w.p.m., which 
demands a fair degree of typing skill, is 
only suitable for sending to extremely 
good operators. During sending, the 
c.w. output is fixed at one of these 
speeds while the character input speed 
is controlled by the operator via the 
keyboard. 

When using a keyboard sender 
without a f.i.f.o. memory the operator 
has to monitor the outgoing c.w. 
and accurately synchronise his typing 
to it. However, because c.w. char- 
acters are of very variable length 
and typing speed is difficult to keep 
constant from one character to the 
next, the resulting c.w. can include 
very variable operator- determined 
inter -character spaces. A f.i.f.o. 
memory is incorporated in this design 
so the operator only needs to ensure 
that his typing speed is faster than the 
outgoing c.w. speed. Each character is 
then immediately available at the 
'output of the f.i.f.o. with no operator 
delay. The f.i.f.o. will hold up to 63 
characters, which represents a message 
of about 12 words. A line of five l.e.ds 
on the front panel indicates how full 
the memory is at any time. This 
indication provides the operator with a 
crude method of controlling his typing 
speed so that there are always a few 
characters in the memory, but not 
sufficient to exceed its capacity. As a 
result, there is no need to monitor the 
outgoing c.w. when using this keyer. 

The f.i.f.o. may also be used as a pure 
memory for storing messages of up to 
63 characters for later transmission. 
The message is keyed in with the 
store /send switch in the "store" 
position and is keyed out when the 
switch is returned to the "send" 
position. A reset key is provided for 

This article describes a c.w. keyer 
which enables the operator to send 
perfect morse simply by typing out 
the messages on an alphanumeric 
keyboard. A f.i.f.o. (first in - first out) 
memory is used to store the keyboard 
output before it is converted into 
morse code, suitable for keying a 
transmitter. The prototype keyer was 
constructed by the author who was 
motivated by a desire to send good 
high -speed c.w., particularly during 
amateur -band contests. Despite his 
persevering with an el -bug for eight 
years, perfectly -timed error -free high 
speed c.w. was never achieved. With 
this keyer, however, perfect interna- 
tional c.w. is guaranteed at very low 
error rates, determined only by the 
operator's typing skill. 

clearing the memory of messages 
keyed into the keyboard, but no longer 
required for transmission. Circuitry is 
incorporated to reset the memory 
automatically when the power is 
switched on. 

Fig. 1. Front panel of morse keyboard 
showing the alpha- numeric, 
punctuation, reset, space bar and 
special character keys, the 
four -position switch for the selection of 
morse speed and the store -end switch 
which allows storage of messages for 
later transmission. 

The morse code output, used to key 
the transmitter, is provided by a 
high -speed reed relay having a 400V, 
0.5A, 10W rating, which should present 
no transmitter interfacing problems. A 
second reed relay output is provided for 
automatic transmit /receive switching. 
This relay switches on just before the 
first character of a message is keyed 
out and stays on as long as there are 
still un -sent characters in the f.i.f.o. 
memory. When the memory empties, 
the transmit /receive relay switches off 
just after the last character has been 
keyed out. This relay avoids the need 
for manual transmit /receive switching 
by the operator, which can waste 
valuable seconds in amateur contest 
operating. Alternatively, most 

,s.s.b. /c.w. transceivers use their v.o.x. 
circuitry for automatic transmit /re- 
ceive switching on c.w. These systems, 
which switch to transmit on detecting 
the start of the first morse character, 
tend to cause clipping of the first 
dot /dash which would be particularly 
significant at the high speeds attainable 
with a keyboard sender. Also, to ensure 
that the switch from transmit to 
receive does not occur during inter - 
word spaces at slow speeds, the 
transmit hold time is normally set fairly 
long. As a result, the first few 
characters being sent by the next 
transmitting station may be missed. 
This keyboard sender, with its own 
automatic transmit /receive relay, 
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Fig. 2. Encoder for converting outputs 
from keyboard into a 15 -bit code. 
Typical silicon switching diodes are 
1N914 or equivalent. 

avoids both of these problems. 
In addition to the alphabet and 

numbers 0 -9, morse code characters 
exist for punctuation marks and special 
operating instructions. These char- 
acters are often thought of as normal 
alphabet characters strung together 
without inter- character spaces. Exam- 
ples are IMI. for ? and VA for "end of 
transmission ". The keyboard sender, 
however, automatically inserts inter - 
character spaces so that it is not 
possible to use the alphabet keys to 
generate these characters. Additional 
keys are therefore added to the basic 
alpha- numeric keyboard. On this 
keyboard sender, the following keys 
have been included: VA, AR, BK, IMI 
( ?), XE (I), BT and an eight -dot error 
code. These keys are quite sufficient for 
normal operating on the amateur 
bands, but additional ones are easily 
added if required. In fact the keyer can 
generate any morse character up to 
seven bits in length by suitably 
programming a diode r.o.m. Some 
special logic had to be added to cater 
for the eight -bit error code. 

Having described the basic facilities 
provided by the keyboard sender, its 

operation will now be described in 
detail. 

The basic controls on the front panel 
of the prototype keyer are shown 
in Fig. 1. This includes the keyboard 
containing the alpha- numeric, punc- 
tuation, and reset keys, the inter -word 
space bar and the special character 
keys; a four -position switch to select 
the morse output speed; an on -off 
switch with a I.e.d. indicator; a 

store /send switch to allow the entry of 
messages into the memory ready for 
later transmission, and five l.e.d. 
indicators to indicate the fullness of the 
memory. 

The outputs from the keyboard 
switches are converted into a 15 -bit 
code by means of a diode r.o.m. as 
shown in Fig.2. T_ his code was 
especially chosen for ease of conver- 
sion into serial c.w. characters. The 
upper seven bits, which drive into the 
MP3812B /1, represent the dot /dash 
content of the characters. The lower 
eight bits, which drive into the 
MP3812B/3, determine the length of 
the characters. A diode in the seven -bit 
word corresponds to a dash, with the 
word being read sequentially starting 
at the top. This particular polarity was 
chosen as there are less dashes than 
dots in morse code. For the eight -bit 
word, a diode in the top line corre- 
sponds to an inter -word space, a diode 
in the second line corre. ponds to a 

one -bit long character and a diode in 
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the third line corresponds to a two -bit 
long character etc., up to a diode in the 
eighth line which corresponds to a 

seven -bit long character. The error 
code, which is the only eight -bit morse 
character, uses a special unique code 
with a diode in the first and last bit 
positions of the eight -bit word. As an 
example of the coding, the letter 'A' key 
line contains no diode in the top line of 
the seven -bit word, to represent the 
dot, followed by a diode in the second 
line to represent the dash. A diode in 

the third line of the eight -bit word 
indicates that the character is two -bits 
long. 

The possibility of encoding the keys 
into a shorter code such as a.s.c.i.i. was 
considered in order to reduce the width 
of the f.i.f.o. memory. A keyboard 
encoder i.c. could possibly be used 
instead of a diode r.o.m. This would be 
followed by a f.i.f.o. memory containing 
two MP3812Bs instead of four. How- 
ever, after the memory the code would 
have to be decoded into a line per key 
and encoded into a morse- related code 
similar to the one already proposed. 
The decoder, realised as a diode r.o.m., 
would be enormous and for this reason, 
together with the added complexity of 
the system, the technique was aban- 
doned. 

The logic diagram of the keyboard 
sender is illustrated in Fig. 3. All the 
logic elements are marked with the 
commercial number of the i.c. which 
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contains them followed by a unique 
number and letter. The number repre- 
sents an arbitrary numbering of the i.c. 
packs and the letter represents an 
arbitrary lettering of the elements 
within those packs. For example, the 
c.m.o.s, dual D flip -flop i.c., commercial 
number 4013, pack 2, contains two 
flip -flop elements marked 4013/2A and 
4013/2B. In addition, the pin numbers 
of the i.cs are marked on the logic 
diagram to aid the constructor and to 
make references to the logic diagram 
clearer in the text. A positive logic 
convention is used throughout. 

When the power is switched on, a 
logic 1 is applied to input 6 of gate 
4001/1C via the discharged 1611F 

capacitor which forces a 0 onto the 
output of this NOR gate and resets all 
four MP3812B f.i.f.o. i.cs. The 16µF 
capacitor is charged via the 120kS2 

resistor, while the power supply 
voltages reach their correct level and 
the f.i.f.o. memory reset takes place. 
After approximately 1.5s, the input 
voltage to pin 6 will 'pass below the 
mid -supply voltage and charge to a O. 

This removes the reset signal and the 
keyer is ready to be operated. Input 5 to 
gate 4001/1C is fed directly from the 
reset key on the keyboard to allow 
manual reset of the f.i.f.o. 

The system clock is obtained from an 
RC oscillator which uses two c.m.o.s. 
inverters, gates 4011/2C and 4011/2A, 
and the output frequency is preset to 
80Hz. The oscillator drives into four 
series connected divide -by -2 circuits, 
4013/2A, 4013/2B, 4013/1A and 
4013/1B. The first divider generates 
anti -phase clocks for the memory 
load /anti -bounce logic and also the 
clock to all the logic, which converts 
the 15 -bit characters from the keyboard 
encoder into morse code when 48 
w.p.m. is selected. The second, third 
and fourth dividers generate the clocks 
for operation at 24, 12 and 6 w.p.m. 
respectively. 

Before any keys are operated, the 15 

lines from the keyboard encoder are all 
at a O. When any key is pressed one of 
the eight lines into the MP3812B/3 
always goes to a 1, causing pin 11 of 
gate 4011/2B to go from 0 to 1. On the 
next positive going clock from the Q 
output of 4013/2A this 1 is clocked into 
4013/3A. On the following negative 
edge the 1 is also clocked into 4013/8B 
causing the output of gate 4025/1C to 
go from a 0 to a 1. On the next positive 
clock edge a 1 is clocked into 4013/3B 
which causes the output of gate 
4025/1C to return to a O. This logic 1 

pulse from gate 4025/1C drives the 
parallel load inputs of the MP3812B/1 
and /3 f.i.f.os causing the 15 -bit word to 
be loaded. With the 80Hz oscillator 
frequency, the period of the clock from 
the 4013/2A is 25ms. From the start of a 
key depression, the positive edge of the 
parallel load pulse is delayed between 
0.5 and 1.5 clock periods, i.e. 12.5 to 
37.5ms, depending on the phase rela- 
tionship between the key depression and 

the clock. This delay ensures that 
contact bounce will have ceased before 
the f.i.f.o. memory is loaded. A key 
depression should last for a minimum 
period of 50ms to ensure that the 
memory load logic completes its cycle. 
Following a key depression, there must 
be a further minimum period of 50ms 
before the start of the next key 
depression to allow 4013/3A, /8B and 
/3B to be clocked back to all Os. This 
input timing circuit, despite its simpli- 
city, has been found to operate reliably 
at typing speeds up to the maximum 
necessary for 48 w.p.m. sending. 

The f.i.f.o. memory uses four 
MP3812B 32 x 8 -bit p- channel m.o.s. 
i.cs to make up a f.i.f.o. 15 bits wide and 
63 bits long. The MP3812B/ 1 is operated 
in parallel with the MP3812B/3 and the 
MP3812B/2 in parallel with the 
MP3812B/4. The MP3812B /1 is con- 
nected in series with the MP3812B/2 
and the MP3812B/3 in series with the 
MP3812B/4. The first 15 -bit word to be 
parallel loaded, seven bits into the 
MP3812B/1 and eight bits into the 
MP3812B /3, ripples through them, into 
the MP3812B/2 and MP3812B/4, reach- 
ing their output registers after a few 
microseconds. The output ready signal 
from pin 3 of the MP3812B/4 goes to a 1 

indicating that there is a character 
waiting at the end of the f.i.f.o. memory. 
Subsequent characters queue behind 
the first in order of entry. If the 
store /send switch is in the "store" 
position the data is held in the memory 
for later transmission. If it is in the 
"send" position, the data is serially 
clocked out of the Q7 outputs of the 
MP3812B/2 and MP3812/4. The data 
from the MP3812B/2 is converted into 
morse code dots and dashes until the 
end of the character marker is detected' 
from the MP3812B/4 at which time the 
inter -digit pause is timed, and a parallel 
dump signal is generated. This shifts all 
the data in the f.i.f.o. one row nearer the 
output and the next character is clocked 
into the output registers of the 
MP3812B/2 and MP3812B/4 ready to be 
sent next. The process continues until 
the memory empties and the output 
ready signal returns to a steady O. 

The number of characters stored in the 
memory at any time is indicated by five 
I.e.d.s. The output ready signal of 
MP3812B/4 drives the first l.e.d. to 
indicate when at least one character is 
in the memory and returns to a 0 during 
serial and parallel dump pulses. There- 
fore, when this l.e.d. is flickering it 
provides an indication that the keyer is 
outputting morse code. The second I.e.d. 
is driven from the flag output of the 
MP3812B/4 which goes to a 1 when the 
MP3812B/4 is half full, i.e. when the 
total f.i.f.o. is at least a quarter full. 
Similarly, the third, fourth and fifth 
l.e.d.s are driven from the MP3812B/4 
IR pin, the MP3812B/3 FL pin and the 
MP3812B/3 IR pin respectively to 
indicate when the f.i.f.o. memory is half, 
three -quarters and completely full. 

The remaining logic circuitry which 
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converts the 15 -bit characters from the 
f.ì.f.o. memory into morse code will now 
be described in detail. It has already 
been mentioned that the first character 
arriving at the output registers of the 
f.i.f.o. causes the output ready signal 
from MP3812B/4 to go to a 1. If the 
store /send switch is in the "store" 
position with the switch open, the 
output of gate 4011/1D remains at a 1 

and this inhibits sending until the 
switch is closed. When the switch is 
closed and the output ready is a 1, the 
output of gate 4011/1D goes to a 0 and is, 

then clocked into 4013/8A causing its 
output to go to a 1. This signal operates 
the transmit /receive relay which 
switches the transmitter on and the 
receiver off ready for the first morse 
character to be sent. The inputs 11 and 
13 to gate 4023/IC are at a 1. Input 12 is 
also a 1 for all characters except the 
inter -word space. Therefore, the output 
of gate 4023/ 1C goes to a 0 removing the 
reset to 4013/4B. If the first bit to be sent 
is a dash, input 12 to gate 4011/1B is a 1 

and this also causes the reset to be 
removed from 4013/4A. The two -stage 
serial counter, consisting of 4013/4B 
and 4013/4A, is then clocked through 
states 10, 01, 11 and back to 00. Gate 
4011/1A gives a 1 output for the three 
states 10, 01 and 11 which corresponds 
to the period of a dash. For a dot, input 
12 to gate 4011 /1B is a 0 so that the 
second stage of the counter, 4013/4A. is 
held reset. Therefore, in this case, a 
pulse of one clock period width is 
produced at the output of gate 4011 /1A. 
The keyer, therefore, generates the 
correct 1:3 ratio between the width of a 
dot and that of a dash, to comply with 
the requirements of international morse 
code. 

The dot and Gash pulses were gener- 
ated on the negative edge of the clock 
from the w.p.m. switch. On the positive 
clock edge the output from gate 
4011 /1A is clocked into 4013/6B and the 
Q output of this D- element then drives 
the morse output relay via an interface 
circuit. The output of gate 4011/1A also 
feeds a gate 4025/1B together with the 
Q output of 4013/6B such that, on the 
negative edge of the logic 1 pulse from 
4011 /1A, a half clock -period pulse is 
generated to drive the serial dump 
inputs of MP3812B /2 and /4 ready to 
start the generation of the next dot/ 
dash. 

The serial dump following the last 
dot /dash in a character causes the end 
of character logic 1 marker to be 
clocked to the Q7 output of MP3812B/4. 
This inhibits the dot /dash counter by 
applying a 1 to input 9 of 4011/2D which 
in turn puts a 0 into 4023/1C and resets 
4013/4B and 40134A. At the same time 
the output of gate 4023/1B goes to a 0, 
removing the set input to 4013/7B and 
4013/7A and enabling the space 
counter. The special logic used to 
generate the error code will be 
described later, but for all other 
characters 4013/5A and 4013/5B remain 
in the 10 state so that input 2 to gate 
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4025/1B remains at a 0, and input 8 to 
gate 4011/2D and input 2 to gate 
4023/1B remain at a 1 during the above 
logic sequence. The 0.22µF capacitor on 
the output of gate 4025/1B was added to 
ensure that decoding spikes from gate 
4011/1A, during the generation of a 
dash, do not cause spurious serial dump 
signals to be generated. 

The space counter is enabled by a 1 

from the Q7 output of MP3812B/4 
which is applied to input 8 of 4023/1B 
after every character has been keyed, 
out and also when a space character 
occurs. The space counter is a 
divide -by -3 feed -back shift -register 
consisting of 4013/7A, 4013/7B and 
4023/1A, and is followed by 4013/6A 
and 4001/1B which generates a half 
clock period pulse to drive the parallel 
dump inputs of MP3812B /2 and /4. The 
parallel dump pulse occurs after the 
counter has been clocked twice such 
that the total delay between the end of 
the last dot /dash of one character and 
the start of the next one is three clock 
periods. When a space character occurs, 
the counter remains enabled and con- 
tinues to be clocked for two periods 
before another parallel dump pulse is 
generated, such that the overall space 
between two words is six clock periods. 
These inter- character and inter -word 
spaces, of three dots width and six dots 
width respectively, conform with the 
requirements of international morse 
code. 

The coding of the eight -bit word, 
which determines the length of the 
morse characters, can accommodate any 
character from zero length (the inter - 
word space) to seven bits in length. To 
accommodate the eight -dot error signal, 
a special code is used with a 1 in the 
first and last bit positions, and logic is 
incorporated to decode and generate 
this one awkward character. The l's at 
the QO and Q7 outputs of MP3812B/4 
are decoded by gate 4011/1C causing a 0 
to be clocked into 4013/5A. The output 
of gate 4025/1A then goes to a 1 and 
masks the normal serial dump pulse to 
MP3812B/2 and /4 after the first dot 
causing that dot to be repeated. 
Meanwhile a 0 is clocked into 4013/5B, 
the output of 4025/1A returns to a 0 and 
the remaining seven dots are sent in the 
normal way. 

Finally, when the last character of a 
message has been parallel dumped from 
the f.i.f.o. memory, the output ready 
signal from MP3812B/4 goes to a steady 
0 and this is clocked via gate 4011/1D to 
the Q output of 4013/8A to switch off 
the transmit /receive relay. The Q 
output of 4013/8A is prevented from 
going to a 0 when output ready goes to a 
0 during parallel and serial dump pulses 
by clocking the 4013/8A just before 
output -ready changes. 

Having described the facilities pro- 
vided by the keyer, its design philo- 
sophy and its operation, the last section 
of this article outlines methods of 
construction. The prototype keyer used 
an old keyboard modified to give the 

arrangement as shown in the front 
panel layout of Fig. 1. The arrangement 
of the alpha- numeric keys should be as 
a normal typewriter; however, the other 
keys can be placed as desired. An 
alternative to modifying an existing 
keyboard is to purchase the individual 
keyboard switches and mount them on 
veroboard or a printed circuit board. 
The diode encoder r,o.m. was con- 
structed using double -sided veroboard, 
with the tracks in the x and y directions, 
mounted underneath the keyboard. The 
key switches are connected to the x 
tracks with the y tracks connected to 
the f.i.f.o. memory and the diodes are 
soldered at the appropriate cross - 
points. The logic i.cs and the relay and 
1.e.d. driver components were mounted 
on a single 8 x Bin veroboard, specially 
designed for point -to -point wiring of 
d.i.l. i.c. packs (part number 12490). To 
make the whole keyer r.f. proof it was 
enclosed in an aluminium case con- 
nected to the mains earth and the OV 
supply. 

The c.m.o.s. i.cs are produced by 
many manufacturers and can be 
obtained through most i.c. distributors. 
The f.i.f.o. i.cs used in the design are 
dual- sourced. Suitable i.cs are the 
Plessey Semiconductor MP3812B or the 
A.M.D. 2812. 

Once constructed, only the period of 
the clock oscillator needs adjustment to 
calibrate the 6, 12, 24 and 48 w.p.m. 
keying speeds. The output period of the 
oscillator can be trimmed, using the 
preset potentiometer, to 12.5ms with an 
oscilloscope. Alternatively, if the w.p.m. 
switch is set to six w.p.m. and four error 
characters are typed in, the morse code 
output, as timed with a watch, should 
last for 15 secs. The keyer is then ready 
to use. 

Printed circuit boards 
If a sufficient number of readers are 
interested, a double -sided glass fibre 
printed circuit board will be made 
available for this design. It is anticipated 
that the layout will accommodate the 
logic circuitry and the diode matrix. 
Enquiries should be sent to M. R. Sagin 
at 11 Villiers Road, London N.W.2. 

Announcement 
This year the annual Wireless World index will 
be published separately. It will cost 50p 
including postage from the General Sales 
Department, Room 11, IPC Business Press 
Ltd, Dorset House, Stamford Street, London 
SE1 9LU. The date of publication will be 
announced shortly. 
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HF predictions 
Ionospheric absorption or skywave loss is greater 
during winter than in summer months. This is 
known as the winter anomaly as it is the opposite 
effect to that deduced from simple reasoning of the 
seasonal changes in sun /earth relationship. 

The high absorption is continuously present over 
a large area for several days and then shifts to 
another area, for example Europe to Western 
Russia. This results in short routes having "patchy" 
conditions and long routes having day -to -day 
variations in signal strength about four times 
greater than in summer. 

However, with the availability of higher 
frequencies (compare this month's Montreal chart 
with that for June) winter daytime communication 
is overall better than that experienced during 
summer. 
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Identifying European television - 1 
by G. Smith and K. Hamer 

In the September 1969 issue of 
Wireless World an article was pub- 
lished which gave details of certain 
European television test cards. Since 
that article appeared, the interest in 
receiving long distance television has 
increased and many new test cards 
have been introduced including elec- 
tronically generated types. A selec- 
tion of these test cards is shown 
here. Readers requiring further infor- 
mation should obtain the Guide to 
World -Wide Television Test Cards 
from HS Publications, 17 Collingham 
Gardens, Derby. 

The various transmission standards 
are shown in the table and the 
standard used by a particular service 
is shown next to the appropriate test 
card. 

System Line No. 

Channel 
band- 
width 
(MHz) 

Vision 
band- 
width 
(MHz) 

Sound/ 
Vision Vision 
spacing modula- 
(MHz) tion 

Sound 
modula - 

tion Areas in use 
A 405 5 z5 a m UK Ene (v.h.f ) 

B 625 7 5 +5 5 fm Western Europe, parts of 
Africa, Middle East, 
Australasia (v.hf.) 

C 525 7 5 + 5 5 a m Belgium (v h.f f 

D 625 8 6 +6 5 fm Eastern Europe. USSR, 
China (v.h. f.) 

E 819 14 10 1:11 15 a ni France (v h f.) 
possible future change to 
system L on v.h.f. 

G'H 625 8 5 +5 5 fm Western Europe (u.h.ff' 
I 625 8 5 5 +6 f m UK (u.h.f.) Eire (v.h.f.) 
K 625 8 6 +6 5 f.m. French territories overseas 
L 625 8 6 +6 5 a m France (u h.f.) 

Luxembourg (v.h.f /u. h.f.) 
M 525 6 4 2 +4 5 f m North & South America. 

Caribbean parts of Pacific, 
Far East, US Forces 
broadcasting (AFRTS) Japan 

N 625 6 4 2 +4.5 fm. Argentina Uruguay, Bolivia 

Philips PM5544 - This electronically generated test card is 
now used-by most European services. 

East Germany (B, G). DDR -F - Deutscher Fernsehfunk's 
identification caption. 

Spain RTVE (B, G) - Electronic test card which includes a 
digital clock. RTVE are experimenting with PAL colour. 

Spain RTVE -2 (B, G) - Identification caption. The Second 
Network has one high -powered transmitter in the v.h.f. band. 
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Turkey TRT (B) - This electronic test card is used by most 
E.B.U. Members with suitable identification. 

¡MI 
r m f iwlM ; 1tilf iïf a a r!r . , .. -.. .. . - 

s,,. S .:° Mir= NMI 
NEI 

il ! ;it 

Belgium BRT /RTB (C. H) PAL colour - BRT produce 
programmes in the Dutch language and RTB produce 
programmes in French. 

West Germany (B, G) A.R.D. PAL colour. - Electronic test 
card used by Bavarian Television. 

West Germany (B, G) A.R.D. PAL colour. - The FUBK 
test card is used by most members of the A.R.D. 

Monaco TMC (E, L) SECAM colour - Also on u.h.f. with 
Canal 35 identification. 

Netherlands NOS (B, G) PAL colour - The First Network 
also uses this electronic test card with appropriate 
identification. 
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Austria ORF (B, G) PAL colour - O.R.F. uses a similar test 
card to BRT /RTB. 

Hungary MTV (D, K) SECAM colour - The "Szunet" 
caption indicates an interlude between programmes. (Off 
screen photograph.) 

Bulgaria (D) B.T. - Boghlarskoie Televidenie also uses test USSR TSS (D) SECAM colour - An identification caption 
used by Televidnie Sovietskogo Soiuza, Latvia. card "G ". 

Iceland RUV (B) - This electronic test card does not 
normally carry identification. There are three high -powered 
v.h.f. transmitters. 

IMF 
111111116.41 iv" 

IA 
111 II 

Norway NRK (B) PAL colour - Test Card "F" as used by 
Norsk Rikskringkasting. (Off screen photography.) 
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Yugoslavia JRT (B, H) PAL colour - Telefunken TO5 test 
card transmitted by JRT- Zagreb. JRT have three 
high -powered Band I transmitters. 

USSR TSS (D) SECAM colour -An alternative caption 
from Latvia. T.S.S. reception is very common in the UK. 

CESKOSIOt_SKO 

imearmemommorommo 
*ririm.rm .... 

Czechoslovakia CST (D, K) SECAM colour - 
Ceskoslovenska Televize have two Band I and two Band II 
high - powered television transmitters which can be received 
in the UK. 

Poland TVP (D, K) - Normally identification is not 
included on this PM5544 which has a dark background. (Off 
screen photograph.) 

Portugal RTP (B, G) - RMA 1946 test card used by 
Radiotelevisao Portuguesa on their second u.h.f. network. 

YtEISRAD10 
T V 1 

Finland YLE (B, G) PAL colour - Oy- Yleisradio Ab, can be 
received in the UK even though their highest powered 
transmitter in Band I s only 20kW (e.r.p.). 
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Microwave device developments 
M. W. Hosking reports the 6th European microwave conference 
from Rome 
Each year sees a steady increase in the 
understanding, performance and appli- 
cation of acoustic surface -wave devices 
with most emphasis on their role in 
signal processing and waveform shap- 
ing. However, another important 
function they can perform is as stable 
oscillators at relatively high fundamen- 
tal frequencies. An article by A. Schaer 
of Thompson -CSF compared such 
oscillators using both surface acoustic 
wave and bulk acoustic wave devices. 
The technique is to use the acoustic 
wave device as a delay line of defined 
bandwidth and insert it into the 
feedback loop of a low -noise amplifier. 
If 4)D and (1)A are the phase shifts caused 
by the delay line and amplifier 
respectively and if d is the delay then, 
oscillation can occur when 43D + = 
cad and will be self- sustaining if the gain 
of the amplifier is greater than the 
losses of the loop. Thus, many 
frequencies are possible, each of them 
spaced at 1/d intervals and the desired 
one is selected by giving the acoustic 
wave delay line a narrow -band fre- 
quency response such that only one 
spectral line can pass. However, as the 
amplifier phase shift is a function of 
gain, a means exists for varying the 
operating frequency. 

Surface wave oscillators had been 
built on quartz substrate with the 
crystalline cut chosen for optimum 
temperature performance. Centre fre- 
quencies in excess of 400MHz with 
100mW output power and short-term 
stability of 5 x 10 -9 per second were 
achieved with the complete device 
packaged to about the same size as a 
14 -pin dual in -line package. 

Bulk wave oscillators are generally 
more suited to higher frequencies and, 
in this instance, were fabricated from 
sapphire or quartz rod with lithium 
niobate transducers at each end. A 
similar performance to the surface wave 
oscillators was achieved at a centre 
frequency of about 1GHz. 

Continued development of these 
acoustic wave oscillators will be 
followed with interest as they offer a 
compact and cheap replacement of 
stable v.h.f. and micro -wave sources 
and transmitters, reducing the need for 
conventional frequency - multiplier 
chains. In general, experimental surface 
wave oscillators have already been built 
in the 1 -2GHz region and corresponding 
bulk devices up to 10GHz. 

Of the 32 papers devoted to aspects of 
semiconductor devices, one quarter 
were involved with microwave f.e.t. 
operation, acknowledging the import- 
ance and interest of this topic. As 
reported last year, f.e.ts exist as 
low -noise and high -power devices to 

X -band (8.2 to 12.4GHz) and above and 
many are now commercially available. 
Emphasis at the conference was given 
to improvements in fabrication and 
characterization. With most attention 
being paid to the various aspects of 
low -noise pre -amplifiers, it was 
interesting to review a presentation by 
P. Harrop et al. of L.E.P. (France) in the 
use of f.e.ts as microwave mixers. Much 
of the work to date has been carried out 
by RCA and many of the advantages 
highlighted. Primarily, these are: the 
possibility of obtaining conversion gain, 
as opposed to loss with diode mixers; 
intrinsically good decoupling between 
I.o., i.f. and r.f. ports, and operation with 
a low power local oscillator. 

Four different mixer designs were 
investiagated using a microwave input 
signal of 7GHz, local oscillator of 8GHz 
and a 1GHz i.f. The active device was a 
0.8µm -gate m.e.s.f.e.t. which had a 3dB 
noise figure with 10dB associated gain 
when used as an amplifier. Firstly, a 
single m.e.s.f.e.t. was used with r.f. fed 
to the gate and the l.o. to the source. 
With the gate biased near pinch -off, the 
source voltage is modulated at the l.o. 
frequency and mixing takes place by 
virtue of the non -linear relationship 
between this voltage and the drain 
current. The i.f. is extracted at the drain. 
A minimum noise figure of 7.8dB with 
8dB associated gain was achieved. 

Secondly, a balanced arrangement 
used two m.e.s.f.e.ts with earthed 
source and with split r.f. and l.o. signals 
fed to each gate. The i.f. was extracted 
from each drain and an output power 
combiner was used to add both signals 
Mixing occurs, once again, in the 
non -linear transconductance variation 
caused by modulation of the gate 
voltage. In this case, the noise figure 
was 10.8dB at 5dB gain. 

The third arrangement used two 
m.e.s.f.e.ts with their sources coupled 
by a resistor. Power from the l.o. was fed 
to the gate of one and the r.f. signal to 
the gate of the second with the i.f. being 
extracted from the drain of the second 
transistor. In similar fashion, a fourth 
method used the two f.e.ts in series with 
l.o. and r.f. injected into one gate each. 
The required i.f. thus exists in the 
current flowing between the two 
transistors and is extracted from the 
appropriate drain port. Both of these 
last two techniques gave a lower gain of 
4dB, a noise figure of 9.8dB but could 
operate with low l.o. signals of about 
1mW. 

A further semiconductor device 
which has seen steady development is 
the trappatt or trapped plasma avalan- 
che and transit time diode. Similar in 
many respects to the more- frequently 

encountered impatt diode (see for 
instance Realm of Microwaves, Part 1 

Wireless World Feb. 1973) the device is 
forced to operate in the trappatt mode 
by the microwave circuit design at a 
frequency many times lower than the 
natural impatt resonance. The result is a 
device capable of delivering high peak 
powers with very good efficiency. 

Five years ago trappatts were mainly 
confined to the 1.5GHz and below 
region and faced a short career due to 
competition from pulsed, bi -polar 
transistors. However, some significant 
work has gone on in this country since 
then and two papers, from Plessey and 
Mullard sum -up very well the state of 
the art. C. H. Oxly et al. of Plessey 
reported results in X -band with diodes 
mounted in both co -axial and microstrip 
circuits. The trappatts were made from 
n -type silicon, with a major design 
improvement being the electroplating 
of a gold heat sink directly to one side of 
the device, plus a small gold "button" to 
the other, to suppress thermal tran- 
sients, such as occur in short-pulse 
operation. As oscillators, peak powers 
of 10 -12 watts at 9GHz were obtained 
with efficiencies up to 35%. Second 
harmonic extraction produced several 
watts around 20GHz with 10% efficien- 
cy. Using the same types of circuit, the 
devices could also be operated as 
amplifiers and small- signal gains of 7dB 
with efficiencies up to 25% were 
achieved. 

From Mullard Research Laboratories, 
J. G. Summers et al. reported the 
continuing trappatt work in the 1 to 
5GHz region with specific applications 
in all- solid -state radar systems. Peak 
powers up to 120 watt with 44% 
efficiency were achieved at 2.3GHz with 
associated mean powers of 1 watt. Once 
again, considerable attention was paid 
to the thermal design of the diode and 
circuit, a necessary factor as the 
trappatt's were operating at power 
densities up to 10,000A /cm2. A good 
picture of reliability, failure mechan- 
isms and circuit -interaction effects was 
being built up as the result of testing 
several hundred devices. 

On the exhibition side, there were 
about 100 exhibitors from many 
different countries, all of whom had 
done an excellent job in re- deploying 
their stands in a new building at short 
notice. Most people spoken to on the 
stands were happy at the extent of the 
enquiries and my own impression was 
that the exhibition was better attended 
than the previous year's. 

Venue for 1977 will be the Bella 
Centre, Copenhagen from 5th to 8th 
September. Professor P. Gudmandsen 
will be the conference chairman. 
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Digital event timer 
Construction 

by P. A. Birnie 

The construction is based on two 
double -sided printed circuit boards,(see 
Fig. 7)which are made from 1mm glass 
fibre. The layouts can be drawn using an 
etch resist pen although the accuracy 
required presents a few difficulties. 
Both boards should be first drilled using 

2 

a 0.8mm bit and a piece of 0.lin 
Veroboard as a template. The tracks 
are then drawn in on both sides of the 
board. Care must be taken to ensure 
registration between both sides of the 
board. 

The display is mounted on the p.c.b. 

Fig. 7. Printed circuit board layout 
diagram actual size. Note that due to 
inaccuracies of the printing process 
and small distortions in the paper, 
correct registration of the layouts 
cannot be guaranteed. 
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Fig. 8. Component location diagrams. Some of the discrete components are 
mounted on undrilled pads. Capacitors C5,6,7,8 decouple the supply. Five links 
are fitted on board (b), three on top and two underneath as shown, 

Button front 
Case front 

Deformable Printed 
disc circuit(PC1) 

r7 
Make 

contact 
Gold plated wire 

Fig. 9. Button mechanism as used in 
calculator keyboards. 

MERCURY 
CELLS 

Fig. 10. Component side of p.c.b.2, 
showing the mounting position of four 
mercury cells, two blocks for securing 
the back plate, and the change -over 
battery switch. 
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_ Gold plated contacts 
All holes 8 BA clearance 

Fig. 11. Construction details for the 
ancillary p.c.bs. Boards 4 and 5 are 
identical and single sided. Beard 3 is 
double sided, the back areas of copper 
are used to solder the 8BA nuts in 
place. 
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using Soldercon i.c.- socket pins. Thirty 
six of the sockets are mounted and 
soldered onto the component side of the 
board and these should be trimmed to 
remove the unwanted pin. Four 
socket pins go through the board and 
are soldered on both sides. All of the 
pins should be kept in the carrier while 
they are soldered in place as this makes 
alignment easier. 

The 19 i.cs should be mounted as 
shown in Fig. 8(a) and (b) using an 
earthed soldering iron and taking the 
normal c.m.o.s. precautions. Some of 
the discrete components do not have 
holes drilled in the board and these are 
soldered onto pads on the component 
side. The TO5 can crystal is mounted 
upside down with the legs bent 
over and through 180 °. When mount- 
ing the display great care should 
be taken because the pins are 
delicate. Orientation of the display can 
be determined by examining the read- 
out under strong light. If any of the 
sockets become detached during inser- 
tion, it is safer to continue, and resolder 
the sockets when the display is in place. 
Links interconnect pin 9 of ICS, 6, 7, B via 
a track on the component side as shown 
in Fig. 8(b), pin 11 of IC15 to pin 15 of 
IC13, and pin 9 of IC14 to pin 1 of IC7 via 
pads on the track side of the board. 

Switches in the prototype were 
constructed from a scrap calculator 
keyboard, and the mechanism, which is 
based on a flexible disc of gold -plated 
metal, is shown in Fig. 9. Construction 
details of the switches are not given 
because these components can be 
adapted to suit the individual. 
Four RM675H mercury cells are 
mounted on p.c.b.2 as shown in Fig. 10. 
Three small boards are made using 1mm 
double sided fibre glass, see Fig. 11, and 
two of these have the copper removed 
from one side. Gold battery- contacts are 
made by carefully removing the gold - 
plated edge connector strips from a 
scrap board. These strips should be 
cleaned and soldered in the appropriate 
positions. It is important to use only a 
small amount of solder, otherwise 
contact will be made with the solder 
rather than the gold. Two 8BA clear- 
ance holes are drilled in board 3 and 8BA 
nuts are soldered to square pads on 
this board. Using two narrow strips of 
1mm Perspex as spacers, board 3 is 
glued to the non component side of 
board 2, ensuring that the gold pads 
align with the 0.5in holes. To make 
subsequent construction easier, a flying 
lead is soldered to each end of p.c.b.3 
before assembly. The four cells are 
placed into the cavities which now exist 
so that the top flying lead is at + 5.2V 
with respect to the bottom lead. Boards 
4 and 5 are screwed to board 3 using 
short 8BA screws threading into the 
nuts already provided. 

A change -over switch is needed for 
the battery because when the power is 
turned off the decoupling capacitors 
supply sufficient current to operate the 
,stopwatch for about 8 seconds. After 
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Fig. 12. Case construction details. 
Panels are cut from 1mm black 
Perspex by scoring and snapping over a 
block. The back plate has the same 
overall dimensions as the front. 

this period the crystal oscillator stops 
and d.c. is applied to the display for a 
few seconds. To prevent this potentially 
damaging situation a 1kS2 resistor is 
placed across the supply when the 
switch is in the off position. The switch 
is connected to board 2 so that the 
toggle projects out of the case. 

Case construction 
The author's case was made from 1 /i6in 
black Perspex and Fig. 12 shows the 
parts required. The panels should be cut 
from a Perspex sheet by scoring deeply 
with a sharp knife and snapping off over 
a block of wood. This produces a clean 
edge which should be smoothed off 
using fine wet and dry paper. Holes for 
the buttons and display should be cut 
using the completed p.c.b.1 as a guide. 
When the case has been glued using a 
Perspex cement three blocks are built to 
support board 1. The blocks are glued to 
the front plate as indicated in Fig. 12, 
but exact positions require checking to 
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Connection Signal 
on p.c.b.1 

Connection 
on p.c.b.2 

IC19. 14 + 5.2V Cl, I ,6 
IC,6. 

7 
EARTH ICS, 8 

IC,,. 7 RESET IC1, 15 
IC,s' RESET IC15, 13 
IC19, 8 SELECT X IC5, g 

IC19' 10 SELECT Y ICs' ,4 
IC19. 2 

IC18. 6 

ENABLE X 

ENABLE Y 

IC,, , 

IC1, 9 

IC16' 14 10Hz IC1, 2 

IC9, 5 2° IC5' 10 
1C9', 3 TENTHS 21 IC5 

11 

IC9, 2 SECONDS 22 IC5' 12 
IC9, 4 23 IC5, i3 
IC10' 5 UNITS 2° IC6 10 

IC10' 3 SECONDS 21 IC6, 11 

IC10 2 22 IC6 12 
IC10' 4 23 IC6' 13 Ic' 5 

TENS 2° IC, 10 
IC,,, 3 SECONDS 21 IC,. 

11 

IC,,, 2 22 IC,, ,2 
IC,2. 5 UNITS 2° 2 ICa 10 
IC,2. 3 MINUTES 21 IC8, 
IC12, 2 

2 ICe' 12 

IC12z 4 23 IC8, 13 
IC,3. 3 TENS 2° IC7 13 

MINUTES 

IC16, 

IC10. 1 

IC,,,e 

IC,,, 

Keypad 
connections 
RUN 
SPLIT 
X 

Y 
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ensure that no projections exist on the 
non- component side of board 1. Holes 
are carefully drilled through this board 
and into the blocks to accommodate self 
tapping screws. A similar approach is 
adopted for board 2 except that the 
blocks are glued, using Araldite, to 
board 1 as shown in Fig. 8. Care should 
be taken not to cut or bridge any pads 
while drilling the p.c.bs. The back of the 
case is also secured to board 2 by 
Perspex blocks. If the block positions 
shown in Fig. 8 are not used, board 1 

should be supported around the push- 
button switches to prevent excessive 
flexing during use. The case can be 
polished using metal polish or T -cut. 

Final assembly and testing 
The two main component boards are 
interconnected by two groups of minia- 
ture flat ribbon cable as listed in the 
table. Pads are provided on both sides of 
the boards for these wirés. The first 
group contains 16 wires interconnect- 
ing the outputs of the data selector 
stages to the display decoder drivers. 
The second group of wires provides 
clock and control signals from board 1 

to board 2. Connections from the four 
push- buttons to board 1 are also shown. 
Final connections are by flying leads 
from the battery holder to the positive 
supply rail on board 2, and the negative 
supply rail, via a multimeter, to the 
switch. After a final check, and with the 
multimeter on the 10mA range, switch 
on. An initial large deflection should 
take place as all the decoupling capaci- 
tors charge. The current should then 
drop to about 200µA and the display 
should be active. If this is the case, the 
button functions can be tested. When 
all of the operations have been success- 

Fig. 13. Internal view of the timer with 
p.c.b.2 hinged open. Board 2 is 
supported on board 1 by three Perspex 
blocks. 

fully tested the two boards should be 
inserted into the case and secured in 
position. It should be noted that the 
display segments have a relatively long 
response time. This is normal especially 
in warm ambient temperatures. It is 
possible to use other liquid crystal 
displays in this design provided that 
they use the same drive of five volts 
r.m.s. 

Printed circuit boards 
Two double -sided p.c.bs will be avail- 
able for this design. The boards, which 
are based on the author's layouts, are 
priced at £6.00 for the set and are 
available from M. R. Sagin at 11 Villiers 
Road, London N.W.2. 

A wallchart ,produced at regular intervals by 
DATA I/O provides basic informatión on all 
programmable read -only memories being 
currently made (140 from 18 manufacturers, 
in the newest chart). The company's pro- 
gramming equipment is able to programme 
all devices mentioned. DATA I/O (U.K.), 11 

Duke Street, High Wycombe, Bucks WW 401 

The latest edition of ERA News contains a 
brochure on the ERA electron microscopy 
service for industry, using a Cambridge 
Stereoscan IIA with magnification of 14 to 
50,000 x, at a resolution of 200A. There is also 
a list of published reports on electrical power 
engineering from 1963 -76. ERA Ltd, Cleeve 
Road, Leatherhead, Surrey KT22 7SA 

WW 402 

The two latest volumes of the IBA Technical 
Review (Nos. 8 and 9) are "Digital Video 
,Processing - Dice" and "Digital Television 

Developments." The former contains seven 
articles describing various aspects of the 
IBA's digital intercontinental conversion 
equipment (DICE) for two -way television 
standards conversion, while the second - No. 
9 - is concerned with digital techniques in a 
more general way. Teletext is described in 
three articles and there is discussion of 
digital transmission techniques. A glossary of 
"digital" terms is included. Engineering 
Information Service, IBA, Crawley Court, 
Winchester, Hants S021 2QA WW 403 

Livingston Hire's new bulletin illustrates 
additions to the range of equipment for hire, 
including an instrumentation tape recorder, 
digital thermometer, Rugby standard -fre- 
quency receiver, logic analyser, air -velocity 
meter and mains interference recorder. 
Livingston Hire Ltd, Shirley House, 27 
Camden Road, London NW1 9NR . WW 404 

Relays and counters are described in a 
catalogue from ITT. Military-style relays are 
covered, including the M series miniature 
printed -board variety and the R series 
medium -power relays. ITÌ Component 
Group Europe, Electro- mechanical Division, 
Edinburgh Way, Harlow, Essex CM20 
2DE WW 405 
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Papers read at the IEE conference on 
millimetre waveguides are now published in 
a volume entitled Conference Publication 
146, which is obtainable from Marketing 
Department, IEE, PO Box 8, Southgate 
House, Stevenage, Herts SG1 1HQ, at a cost 
of £10.35 in the UK, £12.10 overseas. 

Magnetic pick -offs, shaft encoders, photo- 
electric probes and proximity switches are all 
covered in a catalogue now available from 
Orbit Controls, Lansdown Industrial Estate, 
Cheltenham, Gloucester GL51 8PL WW 406 

Sescosem, a division of Thomson -CSF, 
produces a monthly bulletin giving details of 
its semiconductor products. The June and 
July /August issues, which reached us in 
October, described a microprocessor, a 
voltage regulator for cars, a car tachometer 
i.c., a 2k r.e.p.r.o.m., a 400V car ignition 
transistor and a motor speed control i.c., 
among others. Thomson -CSF United King- 
dom Ltd, Ringway House, Bell Road, Danes - 
hill, Basingstoke, Hants WW 407 

Peter Eardley has left AKG Equipment Ltd 
after 14 years. Eardley formed AKG (UK) Ltd 
in 1969 as the British subsidiary of the 
Austrian parent company. He will retain a 
shareholding in the company, though his 
main activity from now on will be in a new 
photographic studio. Eardley told Wireless 
World he had "inherited" G E Electronics 
(London) Ltd, which imported colour tv parts 
from West Germany, and had a number of 
"semiconductor and similar agencies from 
the US." Another subsidiary sold British 
goods. Mr Eardley said the reason for the 
move was that he felt he had "reached all I 

could do in microphones." The present 
general manager of AKG (UK), Mr Cecil 
Woolf, will take over.from Mr Eardley at the 
end of 1976. 

Macro Marketing have been appointed 
Motorola semiconductor distributor in the 
UK from February 1, 1977. Motorola's 
agreement with Semicomps comes to an end 
on December 31. Motorola's agents now are 
Celdis, Cramer, GDS, ITT, Jermyn, Lock and 
Macro. 

Miss Geisla Burg has been appointed the first 
woman chairman of the Federation of British 
Audio. Some time ago the FBA announced 
that it would start to promote its activities 
more aggressively and, after her appoint- 
ment on October 20, Miss Berg said "During 
the next year the FBA must become a really 
effective body presenting the members' 
views to government and promoting the 
activities and interests of the British audio 
industry." 

From November 1, Tannoy's R &D, sales and 
head offices, have been at St John's Rd, 
Tyler's Green, High Wycombe, Bucks HP10 
8HR. 

Apex Components, who already distribute 
Signetics i.cs, have been appointed distribu- 
tors for the whole range of Mullard discrete 
semiconductors. They now have Mullard 
stock worth £80,000. 
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Progress in millimetric waveguide 
Post Office announce field trial results 

Details of circular waveguide field 
trials in the UK and overseas were 
given at an international conference 
on millimetre waveguide systems, 
held in London during November. 
Post Office engineers almost domin- 
ated the IEE conference with their 20 
papers, not only reporting results of 
the field trial but also covering recent 
work on waveguides, multiplexing, 
repeaters, semiconductor devices, 
filters, system and planning aspects. 
Bell Telephone Laboratories gave no 
less than 10 papers, with first 
announcement of their 14km field 
trial on their dielectric waveguide 
system. And the Post Office chose 
the occasion to announce its planned 
Bristol to Reading waveguide link 
(see News, page 38). 

The ability of circular waveguide to 
provide low loss transmission was 
demonstrated in the 1950s at University 
College, PO Research Department at 
Dollis Hill and at STL, yet it was not 
until 1967 that the Post Office mounted 
a comprehensive R & D programme. 
Out of fifteen possible waveguide 
structures, four were chosen for 
detailed cost -benefit comparison, with 
the conclusion that whilst other 
organisations had developed helix 
waveguides with a steel sheath, the 
Post Office view was that a lightweight 
helix guide encased in fibreglass /epoxy 
resin and housed in a steel duct would 
be easier to install and joint. "The aim 
has been to develop a sound cost - 
effective system that could, while 
showing substantial savings if intro- 
duced on routes where only a small 
proportion of its bandwidth will be 
used initially, also cater for the very 
high bandwidth demand of the future ". 

The 50mm guide is made by a joint 
PO /BICC plant (BICC Research En- 
gineering Ltd) in 3m lengths. A 40 
s.w.g. two -start copper helix is wound 
on a stainless steel mandrel and 
surrounded by a layer of lossy iron - 
loaded resin reinforced with glass 
fibres. Aluminium foil is wound over 
this to provide a water and oxygen 

barrier (the waveguide is normally 
nitrogen filled to avoid oxygen absorp- 
tion band at 60GHz) and the whole is 
enclosed in epoxy -resin impregnated 
binding tape. 

A virtue of this helix guide is its high 
loss to spurious modes but this has to 
be set against its attenuation at bends. 
Two solutions for sharp bends are mitre 
joints or mode conversion and recon- 
version in curved reduced -diameter 
dielectric guides, but Ritchie and Childs 
reported a modified guide for more 
gradual bends. By reducing spacing 
between the helix and the aluminium 
screen, say to 0.6mm, loss peaks can be 
moved out of the transmission band. 

Actually, the penalty of higher 
attenuation is "very largely the addi- 
tional cost of closer repeater spacing, 
therefore a value can readily be placed 
on a change in attenuation ", say 
Ritchie and Childs. "A discounted cash 
flow calculation based on current esti- 
mates of repeater costs and assumed 
growth rates results in a value of 
£0.6/m for each 0.1dB /km saving in 
attentuation at 110GHz. Considering 
the relatively high cost of waveguide 
production and installation this is a low 
value and generally makes it difficult to 
justify the introduction of sophisticated 
techniques." 

Attenuation of the field trial route 
was less than 2.5dB /km over most of 
the band, permitting repeaters to be 
considered at intervals of more than 
20km. An error rate of 1 in 109 per 
repeater section can be achieved with a 
carrier -to -noise ratio of 22dB at the 
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Measured attenuation-of llkm of field 
trial route. 

demodulator input. Attenuation curves 
show some expected losses due to bends 
at 44, 66 and 93GHz and due to sagging 
between supports at 56 and 86GHz. 

While some unanticipated problems 
arose in installing the guide, the Post 
Office are well pleased in general. They 
expect that improvements made to new 
waveguide - better duct laying, less 
joint tilt, increased longitudinal stiff- 
ness, in addition to the reduced bending 
loss - should reduce attenuation at 
110GHz by 1dB /km without much extra 
cost. 

Propagation is by a low -loss 
(0.002dB /m at 100GHz) transverse 
electric mode, TEo(, with its property of 
falling attenuation with increasing 
frequency, until checked by geometrical 
limitations. The region from 30 to 
110GHz is divided into eight 10GHz 
bands, each subdivided into 16 channels 
of about 500MHz bandwidth. For trans- 
mission over the guide, pairs of digital 
traffic at 140Mbit /s (1,920 telephone, 
channels) are multiplexed to 280Mbit /s 
on r.f. carriers. Modulation can be at an 
i.f. of 1.4GHz followed by up- conversion 
or, more efficiently, directly with an 
impatt source. The receiver has an i.f. 

of 1.4GHz and a meander line circuit to 
equalize the systematic group delay of 
the waveguide. Differential demodula- 
tion, in which carrier phase is compared 
between adjacent bits, is preferred to 
coherent demodulation - despite its 
2dB lower carrier -to -noise ratio for 
comparable performance - to avoid the 
complexities of carrier recovery. 

Given certain assumptions (one is a 
7% annual growth of traffic) "there 
could be an important place for wave- 
guide in the truck transmission network 
of the UK ", say D. J. Beckley and A. C. 
Pigott of the PO network planning 
department. "However, the quantity 
and timing of the provision of wave- 
guide links is likely to be very sensitive 
to changes in estimates." 

Waveguide economics are quite dif- 
ferent from conventional line systems. 
There is a very high expenditure in the 
first two years when waveguide has to 
be laid in its special steel duct, giving a 
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Marconi and BICC have been associated with the Post Office development of the 
new high capacity waveguide communication system which is planned for 
operational trunk service between Bristol and Reading. Marconi's contribution, 
consisting of terminal and repeater equipment, was developed by Marconi 
Research Laboratories following three Post Office contracts for feasibility, 
development and experimental work on the waveguide system. Photograph shows 
a waveguide band- branching and channelling unit installed in a field trial terminal. 
Marconi, BICC and the Post Office are collaborating to market this waveguide 
system overseas as a package, covering initial planning, manufacture, installation, 
commissioning, training and maintenance. 

high circuit -independent cost, and 
because of the 20 + km repeater spacing 
there is a low circuit-dependent cost. 
This means that added -circuit cost will 
be very low and that savings made will 
be very dependent, on annual growth 
rates. Savings made by a 500Mbit /s 
guide over a coaxial cable that might be 
justified on the basis of a 7% growth 
could easily be wiped out by an annual 
circuit growth of 5%. 

The Bell WT4 system is committed to 
a 60mm dielectric -lined waveguide, 
with small amounts of helix guide (1%) 
to filter unwanted modes. The 3.7mm 
thick steel tube is electrolytically plated 
on its inner surface with a 5µm copper 
lining, up on which a 180µm polyethy- 
lene dielectric is deposited by a compli- 
cated bonding process. 

iz 

Detailed results and techniques used 
in the Bell System field trial were 
announced at the conference, the most 
outstanding result being the extremely 
low loss achieved. Over the 14km of 
route loss was 1dB /km or less over the 
entire band. and about 0.5dB /km mid - 
band. One paper, with its 11 authors, 
showed good agreement between mea- 
sured loss and curvature -predicted loss 
using a new theory that took account of 
TM11, TE12, TM21 mode conversion. This 
loss is a rapidly increasing function of 
frequency and limits the highest trans- 
mission frequency. 

Work is also under way in France, 
Germany, Italy, Japan - some of it 
reflected in the 24 contributions from 
those countries - but an author from 
Germany admitted that in that country 
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there is "no actual need for such a high 
capacity long -haul transmission 
medium ". Newly- developed alumin- 
ium -alloy dielectric waveguide with 
electrochemically -produced aluminium 
oxide as dielectric to avoid peeling 
problems will not now be installed in the 
48km Darmstadt -Heidelberg test link as 
originally intended, though it will be 
tested in lkm ducts before experimental 
work finally ceases. 

Like the American programme, the 
Japanese work has relied on the most 
costly dielectric waveguides mixed with 
helical absorbing guides. Whilst pro- 
gress in the US, UK and Japan has been 
described as "fairly level pegging ", °the 
Japanese are talking of promising 
results above 100GHz and together with 
a new multilevel modem technique 
makes a 1.2 million voice channel 
capacity over 40- 120GHz possible. They 
reported silicon IMPATT diode output 
powers of 62mW at 200GHz and 8mW at 
285GHz early in 1976 and oscillation has 
been observed at 394GHz. 

Post Office trunk routes are not the 
only use of millimetre waveguide; there 
is a wide variety of applications that can 
benefit from the wide bandwidths, 
narrow beamwidths and small size and 
weight. A 120Mbit /s digital data link 
operating over 2km at 20GHz, deve- 
loped at RSRE, Malvern, weighs only 
12kg. The narrow beamwidth and low 
sidelobe levels give a secure link for 
security surveillance, ship -to -ship and 
inter- building communications, and 
disaster area control. 

In radar, the trend is to specialist 
radars having outstanding short -range 
surveillance capabilities through 
improved angular and radial resolution, 
for such applications as harbour traffic 
control, airport surface detection, rail- 
way marshalling yard control, and 
precision survey work. One Marconi 
Doppler radar at 90GHz allows large oil 
tankers to perform delicate docking 
manoeuvres by resolving speeds of a 
few ft /min with 1 -2ft discimination. 

The oxygen absorption at 60GHz 
breaks up into narrow resonances 
above a height of 40,000ft and it- is 
thought that aircraft could communi- 
cate with one another or with a satellite 
between these lines without risk of 
interference from ground stations. And 
investigations into communicating 
through the ionized shock wave asso- 
ciated with re -entry vehicles have 
shown that a system operating at 
110GHz could sustain a link through the 
plasma sheath, normally opaque to 
radio waves. 

Other uses are in radio astronomy, 
propagation studies, weather radar, a 
33GHz radiometric sextant, 94GHz 
altitude and sink speed indicator for use 
in snow and ice fields, a 35GHz sea ice 
detector, control of reagents and cata- 
lysts in chemical reactions, and its use 
in diathermy is being investigated. - 
GBS 



Suddenly, other 2-head cassette decks 
look like toys. 

Take a lank at the non NakamLiu DT600abave. 
Such an astonishing cassette recorder, that it make; the 

competition took like nocorr pet at all. 
For a stall., com par? its dynam c range. 
With th2600, you c3n record up to+ 7J13 without 

cistartion Th_s is unprecedented by any other cassette deck, 
because no other model has the Intermodulation Dist art on 

Suppressor that makes it possible. 
Secondly, take the frequency response. 
Other cassette deck makers may be proud ofreachi ig 

15,W0Hz Guaranteed ninimum specification of the 600 is 
4048,000 ± 3dB. As fo- wow-and-fluttr, at 0-08%, y ou 
can virtually forget it. 

It daesn't stop there. Here is a combination o -other 
-eaturesyoL. won't Find oh any other 2-head deck. 

Na .can- ichi's exclus:ve focused-gap crystal per-nalloy head. 
Built-in test tone anc record level calibration cohtrols. 
User adjustable bias. 
Peek reading meters from - 43 to + 7dB. 
A memary tape counter. 
Master recording level contro:. 
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machine. 
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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 
and electronics Essex CB11 4LG J(Jdix) Saffron Walden 

(0799) 40888 

Where can I get an RF Generator 
nowadays that's easy to use, reliable, 
robust but not too expensive ?" 

,.000"~~ "Here'' -AVO's new HF135 -a really useful professional 
RFgenerator ideal for repair bench or test lab. 

Wide frequency range -eight bands from 100kHz to 
240 MHz. Calibration accuracy conservatively rated at t 1% 

right across the range. Output level from 1pV to 100mV 
( t 6dB). AF Signal source facility (1 kHz). Input for external 
modulation. All wrapped up in a tough metal cabinet with 
ergonomically designed front panel and complete with 
connectors, crocodile clips and the AVO guarantee of 
reliability, serviceability, and accuracy at a sensible price. 

For descriptive leaflet and name of your nearest stockist, 
phone or write: 

Avo Limited, Archcliffe Road, 
Dover, Kent. CT17 9EN. 
Tel: 0304 202620 Telex: 96283. 

«l Thorn Measurement Control and Automation Division 

WW -069 FOR FURTHER DETAILS 
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Circular insert generator for television 
A circuit which allows part of a television picture to be inserted 
into a circular "cut -out'' in another picture 

by D. E. Burgess, B.Sc., Ph.D. Royal Signals and Radar Establishment, Malvern 

Commercial television special effects 
generators which are used to insert part 
of one television picture into another 
generally have a number of options on 
the shape of the inserted picture, for 
example a square or rectangle, or a 
circle, and consequently are rather 
expensive. When the inserted picture is 
required to have only horizontal and 
vertical boundaries the experimenter 
may be tempted to construct a video 
switch with a timing unit using mon- 
stable multivibrators triggered by the 
television field and line drive pulses, but 
the choice between building or buying 
may be a more difficult one when an 
accurate circular insert is required. 
However, when a compact low powered 
unit was specified for a particular 
application needing only a circular 
insert, it was decided that construction 
was still the most sensible choice, and 
the circuit described here was deve- 
loped to meet the requirements. 

By timing from the television line and 
field synchronising pulses, the circuit is 
required to produce two switching 
points on each television line, the first 
blanking the primary video signal and 
replacing it by the secondary inserted 
signal, the secondary doing the reverse; 
these switching points being chosen so 
that the boundary of the insert appears 
as a circle. A secondary requirement of 
the circuit was that the position and the 
size of the circular insert should be 
variable. 

a 

Fig. I. Representation of the circular 
insert a secondary signal into the 
primary television picture. 

DC 

Theory of operation 
The circle, shown in Fig. 1 within the 
outline of a television monitor, with a 
radius of c and centred at the point a b is 
represented by the equation 

(x-a)2 + (y-b)2 = c2 (1) 

From this equation the values of x, and 
x2, the switching points for the insert 
along one television line, are given by 

xi = a- V c2-(y-b)2 

and x2 =a+ Vc2-(y-b)2 

or the switching interval xl to x2 is 
defined by the relationship 

-Vc2-(y-b)2<x-a< +\/c2-(y-b)2(2) 

and it is this equation that forms the 
basis for the circuit. 

A sawtooth waveform y is generated 
in phase with the television vertical field 
scan and is shifted by an amount b 
corresponding to the centring of the 
circle in the vertical direction. The 
result (y -b) is then squared to give 
(y -b)2 and this signal is subtracted from - 

c2, the square of the circle radius. The 
square -root operation is then performed 
and the result, the right hand side of 
equation (2), and its negative, the left 
hand side of the equation, are compared 
with a second offset waveform (x -a) 
which is in phase with the television 
horizontal line scan. During the interval 
along each line for which equation (2) 
holds, a switch is operated to blank the 
primary video signal and to insert the 
secondary one. 

Circuit description 
The circuit diagram is shown in Fig. 2, 

with the associated waveforms photo- 
graphed from an oscilloscope in Fig. 3. A 
decision was made initially to use 
integrated circuits wherever possible in 
order to simplify the circuit develop- 
ment and to minimise space, but if cost 
or the use of readily available compon- 
ents were a major consideration some 
of the operations could be performed 

using discrete components. Two synch- 
ronising signals are required to operate 
the circuit, one at the television line 
frequency and the other at the field 
frequency. Normally line drive and field 
drive signals would be chosen but 
because mixed video blanking is used in 
another part of the circuit as described 
below, this same signal was used for 
synchronisation in the line direction so 
as to minimise the number of connec- 
tions to the unit. 

Vertical signal processing. Transistor 
Tr2 and its associated components R4. 
R5, and D1 form a 70µA current source 
to drive the Miller integrator ICI, a 741 
operational amplifier. During the field 
flyback time the two -volt negative -go- 
ing field pulse is amplified to 24 volts by 
Try to turn on the field- effect transistor 
switch Tr3, shorting the integrator 
output to a preset potential determined 
by the vertical shift control R43.. This 
integrator produces the 11 volt peak to 
peak sawtooth waveform (y -b) wlith a 
time period of 20 milliseconds which, 
with the shift control set to mid travel, is 
shown in Fig. 3(a). R43 allows for an 8 

volt adjustment of the starting potential 
of the sawtooth and corresponds to the 
term b in equation (2). 

An analogue multiplier /divider cir- 
cuit IC2 having a transfer function of 
xy /10 is used to form the square of ( -b) 
by driving both the x and y inputs with 
the output of ICS. The Analog Devices 
type AD530 amplifier (1), which uses the 
transconductance technique, is used 
here and requires four offset nulling 
trimming resistors, R8 to R11 inclusive. 
The parabolic output waveform from 
IC2, (y- b)2/10 is shown in Fig. 3(b). A 
second 741, IC3, is operated as a 
unity -gain subtractor circuit to 
produce(c2- (y- b)2) /10, with the circle 
radius control R45 providing a voltage 
corresponding to c2 /10. Here a linear 
potentiometer conveniently produces a 
circle area proportional to spindle 
rotation. Fig. 3(c) shows the waveform 
at the output of IC3. 

Somewhere in the chain of opera- 
tional amplifiers a control is required to 
set up the roundness of the circle for the 
situations when a television monitor is 
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poorly adjusted. This control, R46, is 
conveniently placed between IC3 and 
the following amplifier IC4, a second 
AD530. This time the AD530 is con- 
nected so as to have a transfer function 
of - ß/10Z for positive values of Z. For 
negative Z the output is zero. Ignoring 
constants, the out u t of IC4, shown in 
Fig. 3(d) is -v (y -b) . Again, four 
offset nulling trimming resistors R16 to 
R19 inclusive are required with this 
amplifier. (A more compact but more 
expensive solution would be to use the 
internally- trimmed multiplier /divider 
type AD532 for both IC2 and IC4). The 
negative form of this function is also 
required by the switching point detector 
as shown in equation (2); hence the 

Fig. 2(a). Circuit diagram of insert 
generator. (b) Device connections. 
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third 741, IC5, which inverts the output 
of IC4 and also attenuates it to a level 
compatible with the comparator, IC7. 

Horizontal signal processing. A similar 
circuit to that described above for the 
production of the vertical ramp is again 
used to generate a ramp synchronized 
to the television line scan. In this case 
IC8 is a i9 operational amplifier to cope 
with the higher frequencies involved in 
the line direction, producing a 2.4 volt 
peak to peak sawtooth waveform with a 
time period of 64 microseconds. Two - 
volt negative -going mixed video blank- 
ing signals, amplified by transistor TR4 
to 24 volts, are used to reset the 
integrator to a voltage determined by 
the horizontal shift control, R. This 
ramp (x-a) is compared with the posi- 
tive and negative versions of 
ß/c2- (y -b)2 by IC7, a 711 dual compar- 
ator. During each line whilst (x -a) lies 
within the limits of equation(2), the 
output of IC7 takes up its t.t.l. - 
compatible low state of 0 volts, and for 
the remainder of the line its output is at 
3 volts. To ensure that the comparator is 
not triggered by noise during a line 
outside the required circle, when the 
output of IC4 is close to zero, a small 
offset voltage is applied to IC5 by means 
of resistors R25 and Rm. 

Horizontal sync. In the case where the 
synchronizing and blanking parts of the 
two television signals are not identical 
or where, for example, only a d.c. level is 
required for one of the signals, the 
switching of the comparator during line 
or field flyback (equation(2) applies 
equally to the trace and retrace part of 
the sawtooth waveforms) is not recom- 
mended, as interference would be 
introduced into the output signal. For 
this reason the mixed video blanking 
signal is added to the output of IC7 in 

Fig. 3. Photographs taken of 
oscilloscope traces showing (a) (y -b) 
the output of ICI, (b) (y- b)2 /10 the 
output of IC2, (c) c2- (y- b)2/10 the 
output of IC3, (d) - Ve- (y -b)2 the 
output of IC4. Horizontal scale is 5 
millisecond /division. Vertical scale is 
on volts. 

the 7413 Schmitt trigger IC8, to ensure 
that the blanking and synchronizing 
portions of the primary video signal are 
not interrupted. Because the mixed 
video blanking waveform is needed for 
this function it was decided to use it also 
as the line synchronizing signal to save 
the additional connection of the line 
drive pulses. In a system where possibi- 
lities of interference in the flyback 
portions of the output video signal are 
of no consequence this circuit may be 
dispensed with, the 711 driving straight 
into the video switch, IC9. In situations 
where commercial equipment is avail- 
able, the output of IC8 may be used as a 
drive for the keying input of a video 
mixer. 

In applications such as circular 
blanking where the primary video 
signal is a direct voltage with no 
blanking or synchronizing information, 
the circuit may be simply modified to 
transmit the secondary waveform dur- 
ing the blanking period by connecting 
the junction of R27 and R28 to an input of 
the first half of IC8 instead of to the 
second half. 
Video switch. During each line on 
which IC7 is triggered, a switch is used 
to insert a section of the secondary 
video signal into the primary signal. ICI, 
a gate -controlled video switch (Motor- 
ola MC1445)2, is a wide- bandwidth, 
two- chanpel amplifier with a pre -set 
internal gain of 9. Whilst its gate input is 
held at 3 volts by IC8, the primary video 
signal on the A inputs is amplified and 
passed to the output, but when IC7 is 
triggered and the gate signal goes low 
the secondary video signal is transmit- 
ted through the device. Both video 
signals, assuming 1 volt composite 
video, are attenuated by a factor of 4.5 
prior to the switch so that a one -volt 
output signal is produced when the 
circuit is terminated with the usual 75 
ohm load. Transistor TR7 connected as 
an emitter follower provides the neces- 
sary low output impedance. 

Typical switching transition times 
between the primary and secondary 
video signals are 20 nanoseconds, 
resulting in a very clean periphery to 
the circle, as shown in Fig. 4, which is a 
photograph of a television monitor 
displaying part of the BBC test card 
inserted in an electronically generated 
crosshatch pattern. This figure also 
shows the excellent accuracy of the 
generated circle. 

Power supplies 
Integrated circuit regulators are used to 
produce the plus and minus 12 volts for 
the amplifiers ICI to IC8 from unstabi- 
lized 15 volt supplies. Minus 5 volts for 
IC7 and ICI, and plus 5 volts for IC8 and 
IC9 are generated from the 12 volt 
supplies using 5.6 volt zener diodes and 
emitter- follower transistors. All power 
supplies are decoupled to earth at each 
integrated circuit package by 0.1 micro - 
farad ceramic capacitors, but apart 
from this precaution no special care 
needs to be taken over the layout of the 

75 

Fig. 4. Photograph of a television 
monitor showing part of a BBC test 
card inserted into an electronically 
generated cross -hatch pattern. 

components on a piece of Veroboard 8 
inches by 4. The measured power 
consumption of the circuit is 3 watts. 

References 
1, Analog Devices Product Guide 73 p. 170, 
171. 
2, Motorola product literature. 
Acknowledgement 
Contributed by permission of the Director of 
R.S. & R.E. 

Components 
Resistors 

1 100k 24 2k2 

2 10k 25 10k 

3 100k 26 39k 
4 5k6 27 10k 

5 29k 28 3k3 

6 2k2 29 100k 

7 2k2 30 10k 

8 10k select -on -test 31 100k 

9 10k select -on -test 32 2k2 
10 10k select -on -test 33 5k6 

11 10k select -on -test 34 8k2 
12 10k 35 1k5 

13 10k 36 3k3 

14 10k 37 3k3 

15 10k 38 1k 

16 10k select -on -test 39 3k3 
17 10k select -on -test . 

40 1k 

18 10k select -on -test 41 270R 
19 10k select -on -test 42 75R 

20 4k7 43 10k pot 

21 47k 44 2k5 pot 
22 1k2 45 1k pot 

23 10k 46 10k pot 

Capacitors 
1 1011 electrolytic 
2 100n 
3 1011 electrolytic 
4 22n 
5 220p 
6 22p 
7 1011 electrolytic 

Ssmicondictors 
Tri 
Tr3,5 
Tr7 
CI ,3,6 

C2,4 
C6 
C7 

Ce 

D 
D2 
D3 

2N3904' 
2N3819 
2N3704 

72741 
AD530 
72709 
72711 

7413 
MC1445 

3V3 zener 
1N914 

5V6 zener 
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Circuit 
Ideas 

Motor revolutions 
control 
In d.c. motor applications this circuit will 
provide an exact number of revolutions. 
By using a small resistance, Rs, in series 
with the motor, a voltage is developed 
across it which contains an a.c. com- 
ponent whose amplitude and frequency 
are related to the speed of rotation and 
the number of armature coils. This 
signal is amplified by a c.m.o.s. inverter 
operating in the linear mode. The two 
following inverters square the signal 
which is then fed into the counters. The 
counter outputs are decoded by gate 1 

which controls the series switching 
transistor Tr1. Gate 2 in conjunction 
with Tr2 is used to brake the . mòtor. 
Thus, when the desired number of 
revolutions is reached Tr1 turns off and 
Tr2 turns on which rapidly stops the 
motor. Gate 3 isolates the counters 
during the braking period. The motor is 
restarted by pushing the reset button. If 
the motor is slowed down due to 
unusual loading conditions it will 
always complete the desired number of 
revolutions. 
R. McGillivray, 
Toronto, 
Canada. 

Vc c 

1 

Temperature to pulse - 
length converter 
An output pulse whose length is directly 
proportional to temperature can be 
produced by using a thermistor in the 
circuit shown. The design is based on 
the similarity between the resistance/ 
temperature curve of a thermistor 
R Ti= RTo.e (B /TI -B /To) and the inverse 
function of voltage across a capacitor 
charging through a resistor from a 
voltage after time t,V1= Va -Vo-e 
Temperature is measured by the ther- 
mistor which is supplied from a poten- 
tial divider to reduce dissipation. The 
temperature dependent current 
through the thermistor appears as a 
voltage across RI. This is compared by 
ICI with a fraction of the increasing 
voltage across C1. the output of ICI goes 
negative and triggers the 555 which is 
connected as a monstable. The 555 
output turns the transistor on for about 
100µs and discharges C,. 

Wireless World, January 1974 

The timer output can be used to gate 
a clock oscillator so that the resulting 
number of pulses will be directly 
proportional to temperature. Alternati- 
vely, the output can drive a pulse -length 
to voltage converter for an analogue 
output. If a true reading in degrees C is 
required, the pulse length correspond- 
ing to 0 deg C must be subtracted. This 
may be achieved either by gating the 
output with a second monostable or by 
a digital counter operating on the 
gated clock pulses. 

The prototype circuit produced a 
pulse length of 650µs at 0 deg C, 
increasing by 20µs /deg C, and was 
accurate to within ± 1.2 deg C over the 
range 0 to 60 deg C. 

Other temperature ranges or ther- 
mistor types can be used with suitable 
changes of RI, 2, and R3. 
T. P. Y. Sander, 
Bembridge, 
Isle of Wight. 

decoded outputs 
0 -9 

Illlilll(I 

CD4017 ® 40 

----Q CD4024 íO 

1111111111 

CD4017 

'/h CD4011 

reset 

(normally closed) 
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Op -amp Wien bridge 
oscillator 
The CA3140 Bi- m.o.s. operational 
amplifier offers high input impedance, 
fast slew rate, and high output voltage 
capability which makes it suitable for 
use in a Wien bridge sine -wave oscilla- 
tor. In the basic circuit, when 
R1 =R2 =R and C1 =C2 =C, the fre- 
quency equation reduces to the familiar 
f =1 /217RC, and the gain required for 
oscillation is equal to 3. If C2 is increased 
by a factor of four and R2 is reduced by a 
factor of four, the gain required for 
oscillation becomes 1.5, thus permitting 
a potentially higher operation fre- 
quency which is closer to the gain - 
bandwidth produ"t of the CA3140. 
Oscillator stabilization has to be precise 

f= 
21f,/R1 C1 R2 C2 

AO5 = 1+ Ci + 
R2 2 

ACL = 11- 
R1 

s 
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output 
19V to 22V p-p 

the <0.3 °/o 

rcA3019 
diode 
array 

R1 = R2 = R 

50Hz R = 3M3 
100Hz R = 1M6 

1kHz R = 160k 
10kHz R = 16k 

30kHi R = 5k1 

otherwise the amplitude will either 
diminish or limit. In the full circuit Rs is 
formed by a zener diode shunting the 
feedback resistor Rr As output signal 
amplitude increases, the zener diode 
impedance decreases and reduces the 
gain, thus stabilizing the output ampli- 
tude. 

Combination of a monolithic zener 
diode and bridge -rectifier circuit pro- 
vides practically a zero temperature 
coefficient for this regulating system. 
Because the rectifier circuit does not 
have a time constant there is no lower 

frequency limit. For example, with 111F 

polycarbonate capacitors and 22MS2 for 
the frequency- determining network, 
the operating frequency is 0.007Hz. 

Output amplitude must be reduced as 
frequency is increased to prevent the 
output from becoming slew -rate limit- 
ed. An output frequency of 180kHz will 
reach à slew rate of about 9V /Rs when 
its amplitude is 15V peak -to -peak. 
Mike Bailey, 
RCA Solid State -Europe, 
Middlesex. 

Stopwatch facility for 
calculators 
A calculator with a "constant" facility 
can also be used as a stopwatch. The 
method will vary between different 
types of calculator and on a Sinclair 
Cambridge Memory, if the " +.1" is 
keyed in and the " = " key is pressed at 
10Hz, the calculator will act as a 
stopwatch. 

This function is achieved by wiring a 
thyristor across the " =" contacts and 
triggering it from. a 10Hz multivibrator. 
The thyristor will automatically turn off 
in the absence of a gate pulse because 
the i.c. sequentially strobes the keys. 
Accuracy of this multivibrator is ade- 
quate for most stopwatch applications 
over a few minutes. 
P. J. Booth, 
St. Catherine's College., 
Oxford. 

pm 7 

pin 23 

47 

GET882 GET882 

10p. 
tant 1k8 

10l 

tant 

10k 1k8 

10k 
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Amplifier output 
protection 
Most power transistor protection cir- 
cuits are a compromise because they 
have to limit the dissipation of each 
transistor and, at the same time, not 
limit the capabilities of the amplifier 
when driving a reactive loudspeaker 
load. This circuit avoids such a com- 
promise. 

During continuous a.c. drive into a 
normal load, R, draws current from C,, 
via D,, in opposition to R5. Full drive 
into an 8S2 load will give an average Vc, 
and Vc2 of about 0.12V which is suffi- 
cient to enable full drive into a load of 
4 V'2 ± j4ú 252. Continuous drive into a 
short- circuit will produce an average 
Vci and Vo of about 0.55V which will 
limit the average current in each output 
transistor to about 1.1A (2.2A peak). 
Diodes D3 and D4 ensure that C, and C2 
do not have a reverse voltage of more 
than 0.2V. Diodes. D5 and D6 are 
necessary to prevent current flowing 
from the base to collector of Tr, and Tr2. 
M. G. Hall, 
Emsworth, 
Hants. 

R1 
5k6I 1N914 

drive 
(current -limited) 

R2 
33 
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vcc (40V) 

D1 D3 
0A47 1N914Y 

D2 
v 

oV 

D4 
0A47- 

C' 

transistor 
combination 

E' 

R5 
270 

drive 
(current -limited) 

R6 
270 

E 
transistor 

combination 

C' 

U-Vcc 

output 
vo 

Beat -frequency 
indicator 
The published circuit in the November 
issue shows fout l.e.ds in a line. To 
obtain the rotating effect these diodes 
must be positioned in a square but, 
because the "firing order" is 2, 1, 3, 4 
they should be arranged as shown here. 
Also, the reference frequency input 
should be via a BC108 as for the input 
frequency. 

From 
7400 

+5V 

Zero crossing detector 
This circuit provides a zero -crossing 
signal and a d.c. output. Diode D1 is the 
only semiconductor which has to 
withstand the full mains reverse vol- 
tage. Positive going half cycles forward 
bias D,, which allows C1 to charge up to 
14V via D3. Negative half cycles 
forward bias D2 which turns Tr, on and 

t 
mains 
input 

passes current to the output from C1. 
The output is about IV less on negative 
half cycles and is given by (VD3+ Vsa, Tri) 
less than V. 
R. J. Torrens, 
Scientronics, 
Huntingdon. 

+14V 

oV 

Digital alarm clock 
IN the November' issue of Wireless 
World a digital alarm clock was pub- 
lished which used the MM5316 clock 
chip. National Semiconductor has 
informed us that the device was 
designed to supply a maximum segment 
drive current of 500µA and therefore 
does not recommend its use with the 
l.e.d. displays. The MM5387 is a pin 

compatible device which will supply up 
to 5mA, and the MM5385, which is not 
pin compatible, will supply up to 15mA 
per segment. 

The author agrees that the MM5316 is 
operating out of its specification but 
points out that he has successfully built 
four such clocks and two of them have 
been running for over two years. 
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Conferences & 
Exhibitions 

LONDON 
The All- Electronics Show 
Apr. 19 -21 Grosvenor House 
(The All- Electronics Show, Ars Electronica Ltd., 
34 -36 High Street, Saffron Walden, Essex.) 

Audio Visual at Work (ER.) 
Apr. 19 -21 Wembley Conference Centre 
(Audio Visual, P.O. Box 109 Davis House, 69 -77 

High Street, Croydon CR9 1QH.) 

Sound 77 International 
Apr. 19 -21 Wembley's Avon Room 
(Association of Public Address Engineers, 47 

Windsor Road, Slough, Berks SL1 2EE.) 

Remote Supervisory and Control Systems - 
REMSCON 77 (Ex. and Conf.) 
Apr. 27 -29 Wembley Conference Centre 
(NETWORK, 84 High Street, Newport Pagnell, 
Bucks MK16 8EG.) 

Ultrasonic Transducers (Conf.) 
May 11 -12 Royal Geological Society 
(The Institute of Physics, 47 Betgrave Square, 
London SW1X 8QX.) 

Electronic Components Show (Ex.) 
May 17 -20 Olympia 
(Industrial and Trade Fairs Ltd., Radcliffe House, 
Blenheim Court, Solihull, West Midlands B91 2BG.) 

Film 77 (Conf. and Ex.) 
July 11 -15 Grosvenor House Hotel 
(British Kinematograph, Sound and Television 
Society, 110 -112 Victoria House, Vernon Place, 
London WCIB 4DJ.) 

Audio Fair (Ex.) 
Sept. 12 -18 Olympia 
(Iliffe Promotions Ltd., Dorset House, Stamford 
Street, London SEI 9LU.) 

Electron Diffraction 50th Anniversary (Conf.) 
Sept. 19 -21 Imperial College 
(The Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

Power Semiconductors and their Applications 
Sept. 27 -29 Savoy Place 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

Radar 77 (Conf.) 
Oct. 25 -28 Savoy Place 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

European Noise Legislation 1977 (Conf. and Ex.) 
Nov. 14 -17 Wembley Conference Centre 
(Institute of Acoustics, 47 Belgrave Square, London 
SW1X 8QX.) 

BIRMINGHAM 
Distributed Computer Control Systems (Conf.) 
Sept. 26 -28 University of Aston 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

BRIGHTON 
Computer Systems and Technology (Conf.) 
Mar. 29 -31 University of Sussex 
(IERE, 8 -9 Bedford Square, London WC1 3RG.) 

Precise Electrical Measurement - EUROMEAS 77 

(Conf.) 
Sept. 5 -9 University of Sussex 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

Developments in Automatic Testing (Conf. and 
Ex.) 
Nov. 30 -Dec. 2 Metropole Convention Centre 
(Conference: IEE /IERE, Savoy Place, London 
WC2R OBL. Exhibition: NETWORK, 84 High Street, 
Newport Pagnell, Bucks MK16 8EG.) 

CAMBRIDGE - 

Microprocessing and Microprogramming - EUR- 
OMICRO (Symposium) 
Sept. 20 -23 Cambridge University 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

GLASGOW 
Electron Microscopy and Analysis - EMAG 77 

(Conf.) 
Sept. 12 -14 University of Glasgow 
(The Institute of Physics, 47 Belgrave Square; 
London SW1X 8QX.) 

GUILDFORD 
Nuclear Physics (Conf.) 
Mar. 23 -25 University of Surrey 
(The Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

HULL 
Computer -Aided- Design of Electronic and Mi- 
crowave Circuits and Systems (Conf.) 
July 12 -14 University of Hull 
(Dept. of Electronic Engineering, The University, 
Hull, HU6 7RX.) 

LANCASTER 
Displays for Man- Machine Systems (Conf.) 
Apr. 4 -7 University of Lancaster 
(IEE Conference Department, Savoy Place, London 
WC2R OBL.) 

LEEDS 
Electron Transport/Molecular Solids (Conf.) 
July 26 -29 University of Leeds 
(The Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

LOUGHBOROUGH 
Digital Processing of Signals in Communications 
(Conf.) 
Sept. 6-8 University of Technology 
(IERE 8 -9 Bedford Square, London WC1 B 3RG.) 

MANCHESTER 
Solid State Physics (Conf.) 
Jan. 5 -7 University of Manchester 
(Tite Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

NOTTINGHAM 
National Conference on Reliability 
Sept. 21 -23 University of Nottingham 
(National Centre of Systems Reliability, UKAEA, 
Wigshaw Lane, Culcheth, Warrington, WA3 4NE.) 

READING 
Atomic and Molecular Physics (Conf.) 
Apr. 4 -7 Reading University 
(K. Codling, Conference Secretary, J. J. Thomson 
"hysical Laboratory, Whiteknights, Reading, RG6 
2AF.) 

SALFORD 
Low Energy Ion Beams 
Sept. 4-8 University of Salford 
(The Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

SOUTHAMPTON 
Quantum Electronics (Conf.) 
Sept. 14 -16 University of Southampton 
(The Institute of Physics, 47 Belgrave Square, 
London SW1X 8QX.) 

YORK 
Surface Science (Conf.) 
Mar. 27 -30 University of York 
(Dr D. P. Woodruff, Dept. of Physics, University of 
Warwick, Coventry, Warwickshire CV4 7AL.) 

OVERSEAS 
Seminex (semiconductor technology) (Conf.) 
Jan. 17 -21 Frankfurt 
(Seminex Ltd., 2 Old Stone Link, Ship Street, East 
Grinstead, West Sussex RH19 4EF.) 

Audio Visual and Communication (Ex.) 
Jan. 24 -30 
( S.D.S.A., 20 rue Hamelin, F 75116 Paris.) 

Paris 

SMPTE Winter TV Conference 
Jan. 28 -29 San Francisco 
(Society of Motion Picture & Television Engineers, 
862 Scarsdale Ave., Scarsdale, NY 10583, USA.) 

Solid State Circuits Conference 
Feb. 16-18 Philadelphia 
(IEEE Conference Secretary: Gary L. Baldwin, Bell 
Laboratories, Holmdel, NJ 07733, USA.) 

AES 56th Convention (Conf. and Ex.) 
Mar. 1-4 Paris 
(Audio Engineering Society, Inc., European Region 
Office, Zevenbunderslaan 142/9, B -1190 Brussels, 
Belgium.) 

International Sound Festival (Ex.) 
Mar. 7 -13 

(S.D.S.A., 20 rue Hamelin F 75116 Paris.) 

Paris Components Show (Ex.) 
Mar. 31 -Apr. 6 

(S.D.S.A., 20 rue Hamelin F 75116 Paris.) 

Paris 

Paris 

Communications Conference - Eurocon '77 
May 3 -6 Venice 
(Eurocon '77, c/o AEI - Viale Monza, 259 - 20126 
Milan, Italy.) 

Irish Electronics Exhibition - ITRON 
May 24 -26 Dublin 
(SDL Exhibitions Ltd., 68 Fitzwilliam Square, 
Dublin 2.) 

Frequency Control Symposium (Conf.) 
June 1 -3 Atlantic City 
(31st Annual Frequency Control Symposium, 
Headquarters United States Army Electronics 
Command, Fort Monmouth, New Jersey 07703, 
USA.) 

Montreux Television Symposium and Exhibition 
June 3 -10 Montreux 
(International Television Symposium and Techni- 
cal Exhibition, P.O. Box 97, CH -1820 Montreux, 
Switzerland.) 

Electromagnetic Compatibility Symposium and 
Exhibition 
June 28 -30 Montreux 
(EMC Symposium & Exhibition, Box 97, 1820 
Montreux, Switzerland.) 

Psychoacoustics of Music (Conf.) 
July 11 -13 Paris 
(IRCAM (Relations Exterieures), 31 rue Saint -Mer- 
ri 75004 Paris, France.) 

Berlin Radio and TV Exhibition 
Aug. 26 -Sept. 4 Berlin 
(Ausstellungs- Messe -Kongress -GmbH, Messe- 
damm 22, D -1000 Berlin 19, W. Germany.) 
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New 
Products 

Bonded microwave 
packages 
The application of p.c.b. experience to 
the production of microwave circuits 
such as ferrite circulators has enabled 
the microwave equipment designer to 
realise weight savings of up to 80% and 
volume savings of up to 50% compared 
with the more conventional stripline 
techniques. Exacta Circuits Limited, of 
Selkirk, Scotland, are now making 
microwave circuits from a glass -rein- 
forced p.t.f.e. called RT Duriod, manu- 

SCREENING WITH 
THROUGH PLATED 
HOLES 

PRECISION ETCHED 
CENTRE CONDUCTOR 

factured by Rogers Corporation of 
America. This involves bonding copper 
onto each side of a Duriod Substrate 
and then photo- mechanically etching 
one side to produce the precision 
conductor required for the circuit. Two 
such laminates are then bonded 
together in a temperature -controlled 
press to form the microwave bonded 
package, or m.b.p. as it is called. 

Resistors, diodes and other active 
components are inserted into pre- 
formed cavities and secured using 
epoxy resins, and capacitors are milled 
from the dielectric. When all the holes, 
cutouts and formed edges have been 
machined, the m.b.p. is completely 
encapsulated (tinned) ensuring that the 
holes and edges are thoroughly plated. 
This ensures environmental screening 
and r.f. suppression. Standard, low - 
profile coaxial connectors are used, 
these being generally smaller than those 
used on conventional stripline units, 
which consist of solid aluminium 
housings clamped together. Other 
advantages of the m.b.p. are that it is 
stable an of predictable design, 
because the manufacturing process 
ensures that the dielectrics are uniform 
and that there are no airgaps. In 
conventional microwave circuits, any 
airgaps which are present may alter 
when parts move, causing dielectric 
variations with time. 

RT Duriod has low loss characteris- 
tics and a dielectric content of 2.2, 
making it suitable for applications in 
the 1 to 18GHz range. M.b.ps can even 
be used to replace waveguides, and 
using the techniques described large 
antennas up to 40in long can be 
produced. Less critical circuits can, 
however, be manufactured using woven 
materials. Exacta, who are anticipating 
the demands of the European 
microwave industry, are setting up a 
facility to produce prototype m.b.ps. 
Customers films may be used as a 
design layout or the circuit negatives 
can be prepared from dimensioned 
sketches by Exacta's design depart- 
ment. The technique is expected to find 
a ready market in airborne equipment 
fields where space and weight are 
among the most important of the design 
parameters. Exacta Circuits Limited, 
Shawburn Factory, Selkirk, Scotland. 
WW 301 for further details 

CIRCUIT ACCESS 
VIA THROUGH 
PLATED HOLE 

DIODES ARALDITED 
6 POTTED WITH 
FOIL CAPPING DIELECTRIC SHEETS 

MATCHED N BONDED 

OVERALL EDGE 
PLATING FOR 

SCREENING 

STANDARD LOW PROFILE 
COAXIAL CONNECTORS 

HIGH TEMPERATURE 
PERMANENT PTFE 
BONDING 

WW301 

Wireless World, January 1977 

Liquid- crystal watch 
circuits 
Two four -digit, six -function watch 
circuits, the ICM7210 and the 
ICM7210A, are liquid- crystal c.m.o.s. 
circuits which are claimed to have the 
unique ability to give the same func- 
tions as four -digit l.e.d. wristwatch 
circuits. Type ICM7210A, which gives 
the month, day, hours, minutes and 
seconds, allows date and time changes 
to be made without affecting the 
accuracy. The calendar only needs to be' 
reset every four years. Type ICM7210 
also provides outputs for a.m. /p.m. 
annunciators. Both circuits display a 
bar separating the day from the date 
and a flashing colon separating hours 
from minutes. Each contains an oscilla- 
tor, a frequency divider, alphanumeric 
decoder, voltage multipliers and a 32Hz 
display driver on a chip. The only 
external components required for a 
complete I.c.d. wristwatch are a 1.5V 
silver oxide battery, a trimming capaci- 
tor, two s.p.s.t. switches and up to three 
capacitors. Since the operating voltage 
ranges from 1.3 to 1.8 volts, the circuits 
will continue to run accurately even 
with a weakening battery. The power 
consumption for the circuit only is 
typically 2µA and the operating tem- 
perature range is -10 to +60°C. Prices 
are from £4.96 depending upon quanti- 
ty. Intersil Incorporated, 8 Tessa Road, 
Richfield Trading Estate, Reading, 
Berkshire, RG1 8NS. 
WW 302 for further details 

Low -cost wire cutters 
Microcutters, low -cost wire cutters 
from Litesold, are designed for produc- 
tion line use in the electronics industry. 
The cutters have hardened -steel cutting 
blades which, it is claimed, will shear 
leads close to a p.c.b. or a terminal post. 
A spring retains the cut -off part of the 
lead until it is rejected by the operator. 
Microcutters are spring loaded and 
have soft plastic sleeves to ensure 
operator comfort during continuous 
use. Light Soldering Developments Ltd, 
97 -99 Gloucester Road, Croydon, Sur- 
rey. 

WW 303 for further details 

WW303 
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Mag -tape reconditioner 
The TCR2 Protectape magnetic -tape 
reconditioning unit is claimed to extend 
the useful life of tapes by as much as 
80%, to eliminate up to 90% of dropouts 
and to reduce the need for recording 
head replacements by up to 50%. In 
addition, it is claimed to improve 
recording quality and increase tape 
deck utilization. These results are 
obtained by transferring and rewinding 
tapes on to the Protectape, which cleans 
the tape by passing it over the edge of a 
precision sapphire block while a moving 
roll of absorbent cleaning cloth, which 
snaps out of the way when not in use, 
gently wipes the particles of dust, dirt 
and oxide from the tape. During this 
process the Protectape can quickly 
rewind a complete spool, or any prede- 
termined length, in either direction with 
uniform tension. It is adjustable to 
accept any width of tape up to two 
inches or spool up to the 12' /zin NAB 
size, which it can rewind in less than 
three minutes. Crow of Reading Ltd, 
P.O. Box 36, Reading, RG1 2NB. 
WW 304 for further details. 

V.s.w.r. indicator 
A v.s.w.r. meter, type 6593A, offers a 
high sensitivity, an expanded scale for 
low ratio measurements and dual - 
channel facilities for bridge measure- 
ments. The instrument, from Marconi 
Instruments, uses a sensitive tuned 
amplifier, a meter and a built -in 70dB 
precision attenuator. An analogue 
output is available for use with record- 
ing instruments such as an X -Y plotter. 
The meter can also`be used with any 
square -law detector. Both high -impe- 
dance inputs have a maximum sensiti- 
vity of 0.5µV f.s.d. and the bolometer 

WW304 

input has a maximum sensitivity of 
0.15µV f.s.d. The amplifier can be tuned 
to a centre frequency of lkHz ±200Hz 
with a variable bandwidth between 20 
and 100Hz. Trickle charge facilities are 
provided when operating from the 
mains and an optional internal rechar- 
geable battery -pack is available to 
provide up to 20h continuous operatio. 
Marconi Instruments Ltd, Sanders 
Division, Gunnels Wood Road, Steven- 
age SG1 2AU. 
WW 305 for further details 

Power supply for mobiles 
A d.c. to d.c. converter, the C301, 
enables radio -telephones and other 
electronic equipment to be operated 
from a 12V car battery. The unit 
provides a 12V isolated output, which is 
earth -free, and if required this can be 
added to the battery voltage to give a 
24V output for either positive or 
negative earth operation.' This con- 
verter, which has a rated load current of 
20A in either configuration, is designed 
to withstand the severe vibration and 
shock often experienced in mobile 
applications. Overload protection is 
provided by a current -sensing circuit 
capable of isolating the oscillator, and 
two fuses protect the battery against 
short circuits. Filtering and r.f. decou- 
pling protect the load equipment, and 
controls are included which balance the 
waveform to provide maximum effi- 
ciency (75% at full load on a 12V output 
and 85% at full load on a 24V output) 
and minimum audio noise. The electri- 
cal noise across both the input and 
output is 200mV pk -pk at full load. 
Avel- Lindberg Ltd, South Ockendon, 
Essex RM15 5TD. 
WW 306 for further details 
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Bench power supplies 
Power units, suitable for bench and 
laboratory applications, are available 
from Ver Controls Ltd. Stabilized bench 
units in the BP series may be either fully 
adjustable from 5 to 15V at 1A, or 
voltage -band units adjustable over a 
limited range in the bands 5V, 6 to 9V, or 
12 to 15V at 3A, 24 to 30V at IA and 40 to 
50V at 0.5A. Unregulated units are also 
available. All units are protected against 
short circuits and the 5V unit has an 
additional overvoltage protection. 
Units in the standard laboratory series 
are multiways suitable for t.t.l., c.m.o.s., 
relay and most test applications. They 
provide ±5 to ± 15V outputs at IA on 
each rail, with options of extra fixed 5V 
lA stabilized and 24V lA unstabilized 
outputs. Current limiting and overvol- 
tage logic protection are also included. 
Ver Controls (St. Albans) Ltd, 27b 
Townsend Drive, St. Albans, Herts. 
WW 307 for further details 

Rotary -vane attenuator 
A range of rotary -vane microwave 
attenuators, designated as series 11, 
may be used within the frequency range 
1.14 to 140GHz. The attenuation may be 
read directly from a scale and is 
accurate to 0.1dB or 1% of the reading, 
whichever is the greater. Voltage 
standing -wave ratios are less then 1.15 
and the insertion losses are from 0.5 to 
1dB depending upon the model. Model 
11A/11 has a c.w. rating of 10W max, an- 
insertion loss of 0.5dB and it may be 
used over the range 3.3 to 4.9GHz. Flann 
Microwave Instruments Ltd, Dunmere 
Road, Bodmin, Cornwall PL31 2QL. 
WW 308 for further details 
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Solid State 
Devices 
Names of suppliers of devices in this 
section are given in abbreviation after 
each entry and in full at the end of the 
section. 

Clock oscillators 
The range of K1100A crystal clock 
oscillators from Motorola has been 
extended to cover any fixed frequency 
from 250kHz to 32MHz. The clocks are 
in hermetically -sealed d.i.l. packages 
and have stabilities of 0.01% inclusive of 
the effects of changes in load and supply 
voltage, shock, vibration and ageing. 
The K1100A can drive up to ten t.t.l. 
gates, while operating over a tempera- 
ture range of 0 to +70°C. It has a 
maximum current consumption of 
115mA and requires a direct supply 
voltage of + 5V ± 0.5. 
WW 309 Auriema 

Low -noise amplifiers 
An amplifier, from Ferranti, has a noise 
characteristic of only 1nV per root of 
frequency (Hz) of the input noise (or 
600 equivalent noise resistance) and a 
typical bandwidth of 15MHz at -3dB. 
The ZN459TC, as it is called, was first 
developed for the M.O.D. for thermal 
imaging applications, forming the 
buffer between cadmium mercury tel- 
lurides or c.m.t. detectors and c.c.d. 
arrays for signal processing. It has a 
gain of 60dB ± 1dB and is contained in a 
six -lead TO -18 package. 
WW 310 Ferranti 

U.h.f. prescalers 
E.c.1. divide -by -64 prescalers, from the 
SP8750 series, operate at frequencies up 
to 1.2GHz and are intended for use in 
u.h.f. phase- locked loops and counters. 
The devices have two input ports, u.h.f. 
and v.h.f., selected by a t.t.l. /m.o.s.- 
compatible band -change input signal. 
For a sinewave the v.h.f. input has a 
typical frequency response of 40MHz. 
Both inputs are self- biased and require 
an a.c.- coupled signal of from 300 to 
.900mV,pk -pk. The output is t.t.l. with an 
active pull -up. This device requires a 
6.8V ±0.35V supply and consumes 
about 68mA. Each dévice is in a 14 -lead 
d.i.l. package. 
WW 311 Plessey Semiconductors 

Opto- coupled isolators 
Three optically -coupled isolators, 
which use gallium- arsenide infrared 
l.e.ds and silicon photo- transistors, have 
been made by Elfein. Two of the 
isolators, type 520 in a 14 -pin d.i.l. 
package and type 521 in a 24 -pin d.i.l. 
package, have minimum isolation resis- 
tances better than 10 ". Type 525 is also 
in .a 14 -pin d.i.l. package and has a 
minimum isolation voltage of 10kV and 
an insulation resistance of typically 
1014. 

WW 312 G.E.E. 

Mixer diodes 
PMD500 series diodes operate either as 
zero -bias detectors or high sensitivity 
mixers over the frequency range 12.4 to 
18GHz. Over this frequency range the 
overall maximum s.s.b. noise figure is 
6.2dB. The diode junctions provide a 
detector sensitivity of -56dBm at 
zero -bias, eliminating d.c. drift caused 
by biasing. 
WW 313 Tranchant 

Fast -recovery rectifiers 
Axial -lead silicon power rectifiers, 
designated the 1N6079 -81 series, have 
3Ons reverse recovery times and peak - 
inverse- voltages of 50, 100 and 150V. 
The rectifiers, which are intended for 
high frequency applications, also have 
low forward voltage drops (typically 
.95V at 5A), low thermal impedances 
and surge ratings of up to 175A. These 
devices, from Semtech, are of mono - 
lothic, non -cavity construction and 
have fused - metal - oxide hermetic 
sealing. 
WW 314 Bourns 

Low dynamic- impedance 
zener 
A linear i.c., 6.9V reference diode with a 
dynamic impedance of only 152, two 
orders of magnitude less than discrete 
zener diodes, is available from National 
Semiconductor. The LM129 operates 
from 0.5 to 15mA and has characteris- 
tics which are independent of operating 
current. A sub -surface breakdown 
zener in the i.c. has a low noise 
characteristic, claimed to be less than 
201V and a long term stability typically 
20 p.p.m. This reference, which is in a 
TO -46 hermetic transistor package or a 
plastic TO -92 package, is available in 
selected temperature coefficients from 
0.001 to 0.01 % / °C for use in either 0 tó 
70 °C or -55 to 125 °C temperature 
ranges. 
WW 315 National Semiconductor 

Wireless World, January 1977 

Fast hybrid op -amp 
The model AM -500 hybrid operational 
amplifier combines the characteristics 
of a low drift d.c. amplifier with those of 
a fast a.c. amplifier to give fast settling 
and an open -loop gain roll -off of 6dB per 
octave to beyond 100MHz. The output 
settling time is 200ns(max) to 0.01% and 
7Ons to 1 %, for 10V step changes. Other 
characteristics include a slew rate of 
1000V /µs, for positive output transi- 
tions, and 1800V /µs for negative transi- 
tions, allowing for an undistorted 
reproduction of a full -load, 20V pk -pk 
sinewave output up to 16MHz. Direct 
current characteristics include an 
open -loop gain of 106dB, a 30M2 input 
impedance and a 1nA bias current. 
WW 316 Date! Systems 

C.m.o.s. quartz 
oscillators 
A range of c.m.o.s.- compatible quart,: 
oscillators has been developed for 
frequencies from 250kHz to 10MHz. The 
type QC1579 oscillators are housed in 
hermetically -seáled cans measuring 
36.1 x 26.7 x 19mm and are suitable for 
any supply voltage from 5 to 15V. A 
buffered output stage will drive up to 
ten c.m.o.s. devices or, if used with a 5V 
supply, will drive two standard t.t.l. unit 
loads. The normal adjustment tolerance 
is ± 25 p.p.m. and over the temperature 
range -10 to + 60°C the stability is ± 25 
p.p.m. Devices meeting tighter fre- 
quency tolerances, or devices with 
similar specifications for frequencies 
ranging from 38Hz to as low as 1Hz are 
also available. 
WW 317 Salford Electrical 

Instruments 

Suppliers 
Auriema Limited, 442 Bath Road, 
Slough, SL1 6BB. 
Bourns (Trimpot) Limited, Hodford 
House, 17/27 High Street, Hounslow, 
Middlesex TW3 1TE. 
Datei Systems Incorporated, 1020 
Turnpike Street, Canton, Mass. 02021 
U.S.A. 
Ferranti Limited, Electronic Compon- 
ents Division, Gem Mill, Chadderton, 
Oldham, OL9 8NP. 
G. E. Electronics (London) Ltd, Eardley 
House, 182/4 Campden Hill Road, 
Kensington London W8 7AS. 
National Semiconductor (U.K.) Ltd, 
19 Goldington Road, Bedford MK40 
3LF. 
Plessey Semiconductors, Cheney Man- 
or, Swindon, Wiltshire SN2 2QW. 
Salford Electrical Instruments Ltd, Peel 
Works, Barton Lane, Eccles, Manches- 
ter M30 OHL. ' 

Tranchant Electronics (U.K.) Ltd, 
Tranchant House, 100a High Street, 
Hampton, Middlesex. 



Why do we have over 200 orders 
from customers in 20 countries on 

5 continents for BCN VTR's? 

BCN 50 
stationary 

BCN VTR's are superior: 
They combine quality of Quad's with economy of 1 inch VTR technology 
and portability. 

BCN VTR's are proven: 
Thousands of hours of operation at many customer sites, in studios and 
outside broadcasting. 

BCN is really portable: 
The light -weight version BCN 20 operated successfully in boats, helicopters, 
cars and during the Olympic's in Innsbruck and Montreal. BCN 20: 
69 min 'cape reel, 80 min battery, 23 kg light- weight, auto -take assemble. 

BCN is the advanced solution: 
3 high -quality audio tracks continuous recording - no gap, adaptable 
to digital recording, single frame display, cassette operation. 

BCN is available: 
4 leading broadcast equipment manufacturers supply you with the BCN 
VTR's for NTSC, PAL, PAL -M and SECAM. You don't have to wail ... 
For further information contact your local Bosch -Fernseh representative. 

BOSCH 

BCN 40 
mobile 

FERNSEC FERNSEiI 
Robert Bosch Fernseh -Division in D -6100 Darmstadt /West -Germany, POB. 

ww - 464 roa'mamma Dania 

BCN 20 
portable 



84 

DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYiST 

MONTHLY SPECIALS 

LINEARS 
LM 309 K 99 a 312 75 LM 556 69 or 3 190 
LM 550 50 or 3/125 LM 709 18 of 3' 50 
LM 555 31 or 3/ 85 LM 741 IB or J. 50 

LM 3900 29 or 3 80 

MEMORIES 
2107 126071 1074 Fla Stark Ram 190 

7489 182251 649.1 Ram tTL 1 J5 

1702 2048 B. Ram 6 95 

5203 2048 851 01 rimier PROMS 595 

CALCULATOR CHIPS 
CT 5002 Bat? Oper 5001 59 or 31175 
CT 5005 120.p14F..ncoMem 69 or3 /150 
5725 IBP.n613.9MU8 175 o.3 /500 
5738 8 O.pl 5 Furs Mem /Const 

Flaming Oa Batt Oo 1 20 or 313 20 

CLOCK CHIPS 
5311 28 P. BCD 6 Dp MU% a 60 
5312 24 Pm BCD 413.9MU% 225 
5316 4O.g.11224 Hr 24 Pm 365 
7001 4 or 6 0g.' Alan. 350 

LEOS 
MV10B 1m1xalo. Lamp 10 at 3 25 

MAN 1 Red 75g 270 85 o. 3 250 
MAN 3A Ree 7 Sao 127 15 or 3 40 

SCHOTTKY 
74500 18 or J/ 50 74522 75 or 365 
74503 20 or 3/50 74537 35 or 3/ 90 

74508 28 or 3r 80 74519 75 or 3/ 65 

TTL 7400S 
7400 E 

7401 
7402 
7403 
7404 
7405 
7406 
7407 
7408 
7409 
7410 
7411 
7413 
7414 
7416 
7417 
7420 
7426 
7430 
7432 
7437 
7438 

RIES NEW LOW PRICES 
09 7440 E 0 11 7485 f 085 
09 7441 0.58 7486 0.25 
10 7442 0.48 7489 145 
10 7443 0.48 7490 0.32 
13 7444 060 7491 0.55 
13 7445 0.70 7492 0.35 
22 7446 020 7493 0.35 
22 7447 665 7494 0.40 
13 7448 020 7495 0.45 
13 7450 0.12 7496 0.55 
09 7451 0.12 74100 0.89 

7453 0.12 74107 0.23 
7454 0.12 74121 0.23 
7460 0.11 74122 0 37 
7470 074 74123 0.45 
7472 0.21 74145 0.57 
7473 0.25 74150 035 
7474 0.25 74151 059 
7475 025 74153 0.69 
7476 024 74154 1.05 
7483 0.69 

16 
0.25 
0.22 
0.22 
0.22 
0.11 
0.23 
0.11 
0.22 
0.25 
0.19 

74155 
74156 
74157 
74158 
74160 
74162 
74163 
74164 
74165 
74166 
74170 
74175 
74180 
74181 
74182 
74192 
74193 
74194 
74195 
74198 
74199 

E 0 69 
0.69 
0.89 
0.69 
0.89 
089 
0.89 

1 05 
1 05 
1.05 
1 65 
0.85 
0.80 
2.00 
0.80 
095 
0.95 
0.85 
0.78 
1.20 
1.70 

SCHOTTKY 
74500 24 
74502 29 
74503 24 

74504 29 
74508 35 
74510 29 

74520 29 74874 29 
74522 29 
74532 .39 

LOW POWER SCHOTTKY 
74L500 23 
74L502 .23 
74LSO4 .25 
74L506 .27 
74LS10 .23 

74LS20 
74LS32 
74LS40 
74LS42 
74LS74 

23 
27 
33 

1.30 
.39 

741_590 1.25 
74LS93 1.25 
74LS95 2.10 
741_5107 39 
74LS164 120 

74LS193 1.75 
74LS197 1.65 

CMOS 4000 SERIES 

4000A E 0.14 

4001 0.14 

4002 0.14 

4006 

4007 

4006 

4009 

0.75 

0.14 

0.65 

0.36 

4010 
4011 
4012 
4013 
4014 
4015 
4016 
4020 
4021 
4022 

L 0.36 
0.14 
0.14 
036 
0.65 
0.65 
0.38 
0.75 
0.65 
0.14 

4023 
4024 
4025 
4027 
4028 

4030 
4035 
4042 
4049 

E 0.65 
0.50 
0.14 
0.36 
0.59 
0.36 
0.75 
0.55 
0.35 

4050 
4066 
4069 
4071 

E 0.35 
0.46 
0.15 
0.15 

LINEARS 
LM300 1099 L 0.45 3401 1092 L 1.25 739 A DIP E 0.65 
301 V DIP 0.25 380 A DIP 0.80 741 V DIP 0.22 
302 6099 0.40 381 A DIP 090 747 A DIP 0.44 
304 TO100 0.50 550 A DIP 0.55 748 V DIP 0.24 
305 TO99 0.45 555 V DIP 0.35 5556 11456) V DIP 0.95 
307 V DIP 0.38 556 B DIP 0.75 5558 114581 V DIP 0.45 

7099 0.45 560 8 DIP 2.45 LM3900 A DIP 0.25 

308 A DIP 0.59 562 B DIP 2.45 75450 V DIP 1.00 

T099 0.65 565 A DIP 1.40 75451 V DIP 0.23 
309K 103 1.10 566 V DIP 1.40 75452 V DIP 0.23 

310 T pkg 0.59 567 V DIP 125 75453 V DIP 0.23 

311 V DIP 0.75 709 A DIP 0.20 75491 A pkg. 020 
320K TO 3 NEG 710 A DIP 0.25 75492 A pkp. 0.65 

5.2. 12. 15 1.00 711 A DIP 0.18 ICL8038 Funct Gen 2.80 

324 A DIP 1.07 723 A DIP 028 Volt Contr Oscillator, Sine. Sq 

339 ADIP 1.15 886422 Pinpkg 145 

340K TO3 120 
12V 1 AMP 

V = Mint Dip A . 14L Dip B r 16L DIP 1099 8-Pon Header TO100 10 -Pm Header 

Data sheets wpplled on request Add 20 ea excepted as noted. 

MEMORIES w /DATA 
1101 256 Bit Ram Mos £ 1.30 
1103 1024 Bit Ran Mos 1.25 
7489 182251 64 Bit Ran TTL 145 
82623 Programmable ROM 2.15 
5260 1024 Bit Ran Low Power 1.45 
5261 1024 Bit Ram L Power 1.56 
1702A 2048 Bit Ram 11.35 
2102 1024 Bit Status Ram 2.75 

LEDS 
MV 5020 Jumbo Red or Clear E 

MAN I Red 7 Seg. .270 ° 

MAN 3A Red Sag..127 
MAN 5 Green 7 Seg..270 
MAN 6 6 Solid Sep. 

9 Digit Array Fairchild 37 
wM clue mapnitying lens 

0 15 
120 TRANSISTORS 
0.20 2N 2219A 1'05 £ 0.42 
125 2N 2222 1018 0.17 
2.60 21.1 2369 TO18 0.11 

2N 2905A TO5 0.43 
2.80 IN 3227 T018 0.37 

CALCULATORS 6 CLOCKS w /DATA 
5002 Cal Chop 
5005 Gel Chip 
5725 Cal Chip 
5311 Clock Chip 
5312 Clock Chip 
5314 Clock Chip 
5316 Clock Chip 
CT7001 Clock Chip 
Data only for any of above 
Refundable Apainst Purchase 

E 0.79 
0.79 
110 
2.80 
260 
3.45 
3.95 
3.85 
0 50 

2N 4124 1092 0.11 
2N 4126 6092 0.11 
26 4401 1092 0.11 
2N 5225 1092 0.17 
2N 5226 T092 0.17 

DISCOUNTS. 
19% on orders wer E 10 

15% on orders over E 25 

MIN 
ORDER 

L 2.00 

All Items New Branded 
Guaranteed By DEMA ELECTRONICS 

TERMS 

MUM 
11ulaearw I 

PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. ACCESS CARD, 
BANKAMERICARD, BARCLAY CARD ACCEPTED. 
(Card # and expiration date requested). TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 
POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 
5.00 -9.99 add .35 

£ 10 and over 
No Charge 

DEMA ELECTRONICS INTERNATIONAL 
P.O. Box 407 San Ramon, Ca. 94583 USA 

Cable DEMAELINTL 

VL 
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I 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

L' 
49/51 Fylde Road Preston 
PR1 2XQ 
Telephone 0772 57560 

reliable high 
performance & 
practical controls. 
individually 
powered modules - 
mains or dc option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size -low 
weight -realistic 
prices. 

' Fylde 
Electronic 
Laboratories 
Limited. i 

WW -052 FOR FURTHER DETAILS 

X L99 - Standard 
features include: 

t00mV.1V fsd 

BCD outputs 
fast (100+ con /sec) 
ADC option 
differential outputs 
.3" lads (0.43' optional) 

ULX L35 - Standard 
features include: 

ONE OFF 1999 fsd 
Auto polarity Auto zero 

Overange to 2999 0.05% accuracy 
Mains or 5V dc power 

XL36 - Standard 
features include: 

1999isd 
Auto polarity 
Auto zero 
isolatedbcd outputs ONE OFF 
0.05% accuracy 
5V dc power 

Exel Electronics Limited Wolterton Road, 
Branksome, Poole, BH12 1LR 

Bournemouth 102021 767373 Telex: 417143 

WW -060 FOR FURTHER DETAILS 
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ack- of on H rade 

Half the size of Bantam Jacks, the new PCB Jacks 
are only 1 25" long, 0435" high and 0365" wide. 
Mount directly on PC Boards wherever access is 
required. Normal through -jack configuration allows 

/ ADC Products 

splitting or isolating the signal for test, monitor or 
patch. 
Available in single or dual configuration. 
Interfaces with Bantam telephone plugs. 

85 

= ollowing the success of our range of Bantam 
Components and Jackfields, we have now 
Introduced on the U.K. market the first -ever 
Jack designed specifically for PCB mounting. 

Six colours available for coding purposes: red, white. 
blue, orange, yellow and black. 
For further information on the above, and our range 
of Telephone -type Components, Jack Panels and 
Prewired Assemblies, contact: 

COMMUNICATION ACCESSORIES 
AND EQUIPMENT LIMITED 
70 -80 Akeman Street, Tring, Herts, HP23 6AJ 
Telephone Tring(0442821 4011 Telex 82362 
Ans. Back: Batelcom Tring. 

WW -028 FOR FURTHER DETAILS 

QUARTZ 

CRYSTALS 

-FAST! 

(EL AEL CRYSTALS UMITED 
Gatwick House, Morley, Surrey, England RH6 9SU 
Telephone. Morley 1029341 5353 Telex: 87116 IAerocon Morley) 
Cables: Aeroinn Telex Morley 

WW -030 FOR FURTHER DETAILS 

ELECTRONORGTECHNICA 

carbon film RESISTORS 
1/8 and 1/4w 70 C 5% toi. E.1 2 

EX -STOCK 
£4.90 PER 1,000 

VAT & POSTAGE / OF ONE VALUE 
Minimum export order E100 

Contact John Gingell 

z&I AERO SERVICES LTD. 
44A Westbourne Grove 
London W2 5SF 
TEL 01 -727 5641 TELEX 261306 

WW-044 FOR FURTHER DETAILS 

DATEST 1: THE NEW TIME SAVER 
Automatic device tester and identifier 

DATEST 1 saves valuable repair time by automatically testing diodes. transistors, and all types of FETs, both in and 
out -of- circuit, plus common op. amp. i.c.s out -of- circuit. 

To carry out a test simply connect the device and switch on If tie display flashes its No Go" If you get a steady pattern its 
"Go" No prior knowledge is required of device polarity or whether it Is bipoldr or FET. 
On the contrary. the clear six -LLU display tells i ou ale glance the polarity or the device iN PN. PNP. N- channel, P- channelj and 
for out -of- circuit tests whether it is bipolar, depletion FET, or enhancement FET. 
If you then flick the test current switch you can instantly place limits on current gain, leakage current. and FET parameters. 
Finally if you need to you can even plug in a multimeter and actually measure some of them. 
DATEST 1 with its advanced four i c. and six transistor circuit (pat. app). for) rapidly pays for itself in skilled man hours saved 
and in expensive mistakes avoided For complete user confidence DATEST 1 even stops working abruptly and gives a special 
display when battery voltage has dropped to too low a value. 
.DATEST 1 is available now and comes complete iiith battery, easy -to -use probes for in- circuit tests. and detailed handbook. 
Write for full details of send now for your own "time saver Price t 49 plus 8%. VAT cash with order 

DATONG ELECTRONICS LIMITED 
11 Moor Park Avenue, Leeds LS6 4BT 

Telephone: 0532 755579 

WW -037 FOR FURTHER DETAILS 



Rfi 

Vaco STRIPEX 
Wire Stripper 

Precision Stripping Tool for most types of PVC 
wire and cable from 38- 10AWG. - Solid or 

stranded. 
Features include: 
33 self adjusting cutting knives 
penetrate and remove insula- 
tion without nicking the wire. 
Depth Control adjusts for 
different insulation thick- 
nesses. 

Wire cutter with transparent 
finger guard snips cable clean. 

Lightweight moulded nylon 
body reinforced with 
fibreglass, reduces fatigue in 
continuous operations. 
Packed in contoured plastic 
case. Individually cartoned. 

No. 70286. Metricwireplier. Crimps terminals, cutsand measures 
bolts, cuts and strips wire. Combines the most used cable 

,operations in a single tool. 

Model No. 70285 

Distributed by 

Special Products Distributors Limited 
81 Piccadilly, London W1V OHL 

Tel. No. 01 -629 9556 
Cables: Speciprod London W1 
WW -064 FOR FURTHER DETAILS 

IMENTSIasrRisumRs 
REQUIRED IN EUROPE 

by C.P.C. the U.K. 

based 
International 
Suppliers of 
T.V. and Radio 
Components 

C.P.0 offer you : 

* Price - highly 
competitive 
* Service-fast 
and efficient 
*Quality - 
only Leading Manufacturers. 

1:11: 

CONTACT 

ROBIN PRATT 
Export Manager 

Good people to deal with 

COMBINED PRECISION COMPONENTS LTD. 

194 200 North Road. Preston PR1 1YP Lancashire. England 

Phone Preston (STD 0772) 55034 Telex 677122 
Cables Comprecorn Preston 
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Distributors for Plessey Remo 
Valves 

Type Price (p) Type Price (p) 
DY87 43 PCF802 52 
DY802 43 PCL82 54 
ECC82 44 PCL84 55 
EF80 34 PCL85 57 
EF 183 39 PCL86 52 
EF184 39 PFL200 65 

EH90 40 PL36 63 

PC86 58 PL84 30 
PC88 58 P1504 90 
PC900 30 PL508 85 
PCC89 46 PL509 £1.35 
PCC189 47 PY88 43 

PCF80 41 PY500A £1.25 
PCF86 44 PY800 47 
PCF801 46 

Integrated Circuits 
Type Price (p) Type Price (p) 
MC1351P 70 TA 7072P £1.53 
ML 2318 £4.20 TA 7074P £1.34 
(Equiv. ETTR6016) TA7124P 73 

ML 232B £4.20 TA7141AP £1.40 
SL 414A £1.68 TA 7171P £1.55 
SL 415A £2.20 TA 7172P £1.65 
SL 1310 £1.54 TA 7173P £2.20 
SL 3046 .73 TA 7176P £1.30 
SL 76544 £1.50 TAA550 32 

SN76003N £2.35 TAA 570 £1.30 
SN76013N £1.43 TAA 6618 .81 

SN76013ND £1.25 TAA700 £ 2.56 

SN76023N £1.43 TBA120S £1.14 
SN76023ND £1.20 TBA120AS 60 
SN76033N £2.15 TBA120SQ £ 1.00 
SN76110N £1.75 TBA4804 £1 40 
SN76226N £2.20 TBA5200 £ 2.06 
SN76227N £1.45 TBA530Q £1.30 
SN76532N £1.45 TBA540Q £ 2.00 
SN76533N £1.50 TBA5500 £ 2.56 
SN76544N £1.70 TBA560CQ £2.56 
SN76650N £1.15 TBA750Q £1.43 
SN76660N 60 TBA800 £1 10 
SN76666N 90 TBA920Q £ 2.64 
TA 7050P £1.13 TBA9900 £ 2.56 
TA 7051P £1.45 TCA2700 £2.64 

TCA 800 £4.60 

Semi Conductors 
Type 
AC107 
AC126 
AC127 
AC128 
AC128K 
AC141 
AC141K 

AC142 
AC142K 
AC151 
AC154 
AC155 

AC156 
AC176 

AC176K 
AC187 
AC187K 

Price (p) 
25 
24 

26 
15 

24 
24 

28 

18 

31 

28 
16 

18 

28 
22 

34 

20 

33 

Type 
AC188 
AC188K 
AC193K 
AC194K 
AD140 
AD142 
AD143 
AD149 
AD161 
AD161/2PR 
AD162 
AF114 

AF115 
AF116 
AF117 
AF118 
AF124 
AF125 

Price (p) 
I8 
30 
36 
35 
65 
62 
65 

65 
47 

£1.00 
38 

25 
22 

22 

20 

52 
38 

27 

Semi Conductors 
Type 
AF126 

Price (p) 
38 

Type 

BC214L 

Price (p) 

15 
AF127 38 BC237 11 
AF139 39 BC238 11 
AF178 69 BC301 30 
AF180 69 BC303 30 
AF181 69 BC327 13 
AF239 45 BC328 13 
AF240 20 BC337 12 
AL102 £1.46 BC338 12 
AL103 £1.36 BC546 13 
AU107 £1.35 BC547 12 
AUI10 £1.20 BC548 12 
AU113 £1.05 BC549 13 
BC107 10 BC550 14 
BC107B 15 BC557 13 
BC108 10 BC558 12 
BC109 12 BCY72 16 
BC109C 14 BD115 39 
BC113 15 BD116 59 
BC114 15 BD124 75 
BC115 17} BD131 35 
BC116 17} BD132 .39 

BC116A 25 BD133 45 
BC117 14 BD135 29 
BC118 15 BD136 33 
BC119 27 BD137 30 
BC125 174 BD138 33 
BC1258 18 80139 37 
BC126 15 BD140 39 
BC132 15 BD144 £1.99 
BC135 15 BD160 £1.65 
BC136 16 B0181 83 

BC137 20 BD182 90 

BC138 30 80183 80 

BC139 28 BD184 £1 10 

BC140 32 80222 47 

BC141 28 BD225 47 

BC142 20 80232 50 

BC143 25 BD233 43 

BC147 8 80234 49 

BC147A 11 BD235 49 

BC148 9 80236 53 

BC149 10 BD237 49 

BC153 20 80238 55 

BC154 20 80X32 £2.40 
BC157 11 8oY20 80 
BC158 10 8F115 38 

BC159 11 BF152 20 
BC160 30 BF158 20 
BC161 33 BF 160 35 
BC171 10 BF167 24 
BC172 10 BF173 25 

BC173 15 BF178 33 
BC178 18 BF179 38 
BC178B 20 BF180 31 

BC179 22 BF181 35 
BC182 11 BF182 30 
BC182L 12 BF183 30 
BC183L 12 BF184 29 

BC184 12 BF185 30 

BC186 25 BF186 26 

BC181 25 BF194 8 

BC204 14 BFI95 8 

BC212 11 BF196 10 

BC212L 11 BF197 11 

BC213 11 BF198 23 

BC213L 11 BF199 25 

BC214 13 BF200 28 
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low cost -top quality 
COMPONENTS 

Siemens A.E.G.Telefunken Taleng and Toshiba Components 
Semi Conductors 

Type 
BF218 
BF224 
BF240 
BF241 

BF257 
BF258 
BF259 
BF336 
BF337 
BF338 
BF355 

Price (p) 

40 
20 

17 

17 

28 

26 

30 

37 
35 
34 
50 

BF457 
BF458 
BF459 
8FT42 
BFT43 
BFX29 
BFX84 
BFX85 
BFX86 
BFX88 
BFY50 
BFY51 
BFY52 

BFY90 
BR100 
BR101 
BRC4443 
BRY39 
BSY52 
BT106 
8T108 
BT116 
BUI05/02 £1.60 
BU108 £1.80 
BU126 £1.49 
8U204 £1.80 

Type Price (p) 
BU205 £1.67 
BU206 £1.95 
BU208 £2.20 
8U208/02 £2.75 
BUY69B £2.50 
BUY69A £2.65 
E1222 38 
M1E340 45 

M1E520 44 

2N696 30 
2N706 15 

37 2N3053 20 
37 2N3054 65 

31f 2N3055 55 

35 2N3702 12 

35 2N3703 12 

29 2N3704 10 

29 2N3705 10 

30 2N3706 10 

28 2N3819 38 

25 2N5296 40 

19 2N5496 53 

19 0071 29 

20 0072 29 

£1.10 R20088 £1.90 
32 R2010B £1.90 
3g RCA16334 80 
80 RCA16335 80 
38 S2802 £2.99 

30 S6080 A KIT 

£1.20 £4.90 

£1.50 TIP31A 52 

£1.25 TIP32A 62 

TIP41A 60 

TIP42A 75 
TIS91 27 

Diodes 
Type Price (p) 
BA115 9 

BA145 
BA148 
BA154/201 
BA155 
BAX13 
BAX16 
BY126 
BY127 
BY199 
BY206 

BYX10 
0A47 

Type Price (p) 
0A90 6 

16 0A91 7 

16 0A95 5} 
12 0A202 8 
15 IN914 6 

6 184001 4 
6 IN4002 5 

11 184003 5 

10 I84004 5 

25 IN4005 5 

17 11,14006 6 
14 IN4007 6 

8 184148 4 

*20p or less. Minimum 5 items 
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EHT Multipliers 
Type 
Thorn 950 MK 11 1400 
Thorn 1500 3 stick 
Thorn 1500 5 stick 
Thorn 1590 Stick 
ITT, Philips Mono 

Large Screen 
Rank 1 718 
Thorn 3000/3500 
Thorn 8000 
Thorn 8500 
Thorn 9000 
Decca Doubler 
becca 30 Series 
Decca 80 Series 
G.E.C. Hybrid 
G.E.C. Solid State 
ITT CVC 1 -5 

!TT CVC 20 
Philips G8 

Philips 550 
Pye 691/693 
Pye 731 

Rank A823 
Korting 

Order 
Code 

D101P 

D102Y 

0103G 
0104E 
D 105C 

Price 
£2 07 
£1.98 
£2.17 
£0.35 

0106A 
01071 

D 108H 

O 109F 

O110Y 

O 111G 

O 112E 

D1I3C 
D114A 

D1151 

D116H 

0117F 
D1180 
D119B 
0120E 
D121C 

D122A 

0125F 

£0.61, 
£1.54 
£5.34 
£1.98 
£4.14 
£6.50 
£2.74 
£4.96 
£5.30 
£4.96 
C5.30 

£4.96 
£5.30 
£4.96 
£4 96 

£3.66 
£4.92 
£4.96 
£4.96 

Telpro /Carnival/ 01260 
Hamilton/ Steepletone £5.35 

New Mono Tubes (no 
Screen Type 
12" Toshiba 

E2117A 

Equivalent Price 
TMT 31/101 
A31/ 250W £17.75 

14" Toshiba 
M6529 FZP TMT 34/101 E17.95 

20" A50- 120WR CME 2013 £15.50 
24" A61.120WR CME 2413 C17.30 

New Colour Tubes 190 ) 

Screen Type Equivalent Price 
19" A49 -191x, A49 -192 and 

A49 -120X £57 70 
20" A51 -110X £66.95 
22" A56/120X £69.90 

Aerial Accessories 
Type Price 
Coax Plugs each 10.5p 

Standard Superverters each £13.50 
Superverters with variable 

gain each £15.95 
Superverters with variable 

gain and frequency each £17.45 
Broad Band Amplifier 

0Y7331 each E16.50 
All Teleng products available 

through C.P.C. 

Good people to deal with 

DISTRIBUTORS 

Contact your local distributor 
for fast local service Regular 
calls arranged to sneer your 
requirements 

SCOTLAND 

Elcomatic Ltd. 
Klrktonfield Road, 
Nellsten, Glasgow GT8 3PL 
Tel 041 -861 5825 

N. IRELAND 
Electronic Sales 
(Ulster) Limited, 
465 Antrim Road 
Belfast BT15 28J 
Tel Belfast 10232) 772611 

LANCASHIRE 

Moorside Electrical Co., 
70 Moorside Avenue, 
Smithllls 
Bolton. Tel. 0204 40918 

WEST YORKSHIRE 
Britten Componerts 
Brearton Street 
Manningham Lane 
Bradford 
Tel. 0274-29375 

M'SIDE.CHESHIRE SALOP 
Scientific instrument 
Distributor Services 
29b Beam Street 
Nantwich, Cheshire 
Tel: Nantwich (0270) 626853 

WALES 

Swansea Aerial Co. Ltd., 
Slloh Road, 
Landere, 
Swansea SA1 2NT 
Tel. Swansea 50393/5483E 

WEST MIDLANDS 

Geetavision 
85 Far Gosford Street 
Coventry 
Tel. Coventry 56476. 503596 

EAST MIDLANDS 
Belvoir TV & Audio 
Components, 
66 Mill St., Melton Mowbray, 
Leicestershire LE13 1AZ 
Tel. 0664 5666 

CAMBS. BEDS. HERTS. 

Cambridge Electronic 
Components 
236 Nigh Street 
Cottenham Cambridge 
Tel. 0954 50292 

EAST ANGLIA 

Norwich Electronic Components 
16 Denbigh Road, 
Norwich. NR2 3AA 
Tel. 0603 28625 

S.LONDON &S EAST 

Paul Electrical Ltd., 
250/252 Grand Drive, 
Baynes Park, 
London. SW20 
Tel. 01 542 6546 

DORSET HANTS, I 0 W 

Double D. Distributors, 
16 Nighfield Road, 
Bournemouth BIM 25G 
Tel. 0202 519562 

SOUTH WEST 

D. B. Components, 
1 Devonshire Street, 
Greenbank, Plymouth, Devon 

Tel. (0752) 24369 

*PRICE 
Highly competitive 

*QUALITY 
Leading manufacturers 

*RELIABILITY 
Fast efficient service 

COMBINED PRECISION 
COMPONENTS LTD. 
C.P.C., Dept. EET 194 -200 NORTH FOAD, PRESTON, LANCASHIRE, ENGLAND 

Phone: Preston (STO 0772) 55034. Telex 677122 

WORLD WIDE EXPORT SERVICE ask for ROBIN PRATT New price list 1.1276 
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PAKS - PARTS - AUDIO MODULES 
PANEL 
METERS 
4" RANGE 
Size 41/4" x 33/4" x 174 
Value No. Price 
0 -50UA 1302 £4.50 
0 -1000A 1303 £4.50 
0 -5000A 1304 £4.50 
0 -1MA 1305 £6.00 
0 -50V 1306 £6.00 

2" RANGE 
Size 2105" x 13/4" x 11/2" 
Value No. 
0 -50UA 1307 
0 -1000A 1308 
0 -5000A 1309 
0 -1MA 1310 
0 -50V 1311 

MR2P TYPE 
Size 42x42x30mm 
Value No. 
0 -50UA 1313 
0 -1MA 1315 

Price 
£3.50 
£3.50 
£3.50 
£3.50 
£3.50 

Price 
£4.80 
£3.20 

EDGEWISE 
Size 31/2" x LW' x 2'A' 
Cut out 23/4" e l'A" 
Value No Price 
0 -1 MA 1316 £4.05 
0 -500UÁ 1317 £4.05 

MINIATURE 
BALANCE /TUNING 
METER 
Size 23x22x26mm 
Sensitivity 

100/0/ 100MA 
No 

1318 
Price 

E1.95 

BALANCE /TUNING 
Size 45x22x34mm 
Sensitivity 

100 /0 /1000A 
No. 

1319 
Price 

£2.00 

MIN. LEVEL METER 
Size 23x22x26mm 
Sensitivity 2000A 

No. 
1320 

Vu METER 
Size 40x40e29mm 
Sensitivity 130U4 

No 
1321 

Price 
£1.95 

Price 
£2.00 

Type Price 
AC126 £0.16 
AC127 E0.14 
AC128 £0.12 
AC128K £0.26 
AC132 E0.15 
AC134 E0.15 
AC137 £0.15 
AC141 £0.18 
AC141K £0.30 
AC142 40.18 
AC176 E0.12 
AC176K £0.26 
AC178 £0.25 
AC179 £0.25 
ACI 80 £0.20 
AC180K £0.30 
AC181 £0.20 
AC181K £0.30 
AC187 £0.16 
AC187K £0.26 
AC188 £0.16 
AC188K £0.26 
A0140 E0.60 
AD142 £0.85 
AD143 E0.75 
AD.149 £0.60 
AD161 £0.36 
AD162 £0.36 
AD161/ 
161 MP £0.75 
AF114 £0.20 
AF115 E0.20 
AF116 £0.20 
AF117 £0.20 
AF118 £0.40 
AF124 £0.30 

AF126 
AF127 
AF139 
AF180 
AF181 
AF186 
AF239 
ALI 02 
ALI 03 
AL/104 
AU110 
AU113 
BC107A 
BC107B 
BC107C 
BC108A 
BC1088 
BC708C 
BC1098 

40.30 
40.30 
£0.32 
£0.58 
£0.58 
£0.56 
£0.58 
£0.38 
£0.95 
£0.95 
£1.00 
£1.00 
£1.00 
£0.08 
40.08 
£0.06 
40.06 
40.08 
40.08 
40.08 

TRANSISTORS 
BRAND NEW - FULLY GUARANTEED 

Type Price 
BC109C £0.08 
BC147 E0.09 
BC148 E0.09 
BC149 'E0.09 
8C157 'E0.12 
BC158 '£0.12 
BC159 'E0.12 
8C167 'E0.12 
BC168 'E0.12 
8C169 'E0.12 
BC169C'E0.12 
BC170 '40.10 
BC171 '40.10 
BC172 'E0.10 
BC173 'E0.12 
BC177 E0.16 
BC178 £0.16 
Bel 79 E0.16 
BC180 £0.25 
BC181 '40.25 
8C182L'E0.10 
BC183 40.10 
BC183L '£0.10 
BC184 'E0.10 
BC 184L 'E0.10 
BC207 'E0.11 
BC208 'E0.11 
BC209 E0.12 
BC212 'E0.11 
BC212L 'E0.11 
BC213 '40.11 
BC213L 'E0.11 
BC214 'E0.12 
BC214L 'E0.12 
BC237 '40.16 
BC238 E0.16 
BC251 E0.15 
BC251 A 40.16 
BC301 £0.30 
BC302 £0.28 
BC303 £0.32 
BC304 00.38 
BC327 '40.16 
BC328 E0.15 
BC337 'E0.15 
BC33B E0.15 
BC440 E0.30 
BC441 £0.30 
BC460 £0.39 
8C461 40.38 
BC477 £0.20 
BC478 £0.19 
BC479 £0.20 
BC547 E0.12 
BC548 'E0.12 
BC549 '£0.12 

Type Price Type 
BC550 E0.14 BFY52 
BC556 E0.14 BIP19 
BC557 E0.13 BIP20 
BC558 E0.12 BIP19/ 
BC559 'E0.14 20 MP £0.80 
80115 £0.50 BRY39 £0.45 
BD116 £0.80 BU105 £1.90 
BD121 £0.65 8U105 /02 E1.96 
BD123 40.86 BU204 41.70 
80124 40.70 BU205 E1.70 
BD131 £0.35 BU208 E2.40 
80132 £0.38 8U208 /02 E2.95 
80131/ 

132 MP 
BD133 
BD135 
BEM 36 
BD137 
BD138 
BD139 
BD140 
BD139/ 

140 MP 
BD155 
80175 
813176 
BD177 
BD178 
BD179 
BD201/ 

202 MP 
BD203 
80204 
BD203/ 

204 MP 
BDY20 
B DX77 
BF457 
BF458 
8E459 
8E594 
8E596 
BFR39 
BFR40 
B FR79 
BFR80 '0 .28 
BFX29 
BFX30 
BFX84 
BFX85 
BFXB6 
BFX87 
BFX88 
BFX90 
BFY50 
BFV51 

Price Iru' Price Type 
E0.14 I1P2955 E0.95 253708 
E0.38 T1P3055 £0.75 2N37084 
E0.38 11S43 E0.22 253709 

TIS90 E0.19 253710 
UT46 £0.20 253711 
ZTX107 f0.10 253819 
01X108 f0.10 253820 
ZTX109 £0.10 253821 
ZTX300 £0.12 253823 
ZTX500 £0.14 254058 
251613 £0.20 254059 
251711 40.20 254060 
251889 £0.48 254061 
251890 £0.45 254062 
251893 E0.30 254284 
252147 £0.75 254285 
2N2148 £0.70 254286 
2N2160 £0.80 254287 
252192 £0.38 254288 
252193 40.38 254289 
252194 40.38 254290 
252217 £0.22 254291 
252218 £0.22 254292 
2N22184 40.20 254293 
252219 £0.20 2N4921 
2N22194 £0.24 2N4923 
252904 £0.18 255135 
2N29044 £0.21 255136 
252905 £0.18 255138 
2N29054 £0.21 2N5194 
252906 £0.16 255245 
2N29064 40.19 255294 
252907 E0.20 255296 
2N29074 £0.22 295457 
252926G 'E0.09 2N5458 
252926Y E0.08 255459 
2529260 E0.08 2N5551 
2529266 'E0.08 2N6027 
21.29268 E0.08 2N6121 
253053 £0.16 2N6122 
293054 E0.40 40311 
253055 £0.40 40313 
253414 E0.16 40316 
253415 'E0.16 40317 
253416 E0.29 40326 

E0.68 253417 E0.29 40327 
E0.84 253614 £0.85 40346 
£0.76 293615 E0.90 40347 
E0.80 293616 E0.90 40348 
£0.66 253646 40.09 40360 

£0.08 40361 
40.08 40362 
40.07 40406 
£0.07 40407 

40.78 253706 £0.08 40408 
£0.95 253707 £0.08 40409 

E0.80 
E1222 E0.38 

40.60 
MJE2955 £0.88 

£0.36 
MJE3055 £0.80 

£0.36 
MJE3440 E0.45 

£0.38 
MP8113 40.45 

£0.45 
MPF102 E0.35 

£0.54 
MPF104 £0.39 

E0.60 
MPF105 £0.39 
MPSA05 'E0.20 

E1.20 
MPSA06 'E0.20 

E0.80 
MPSA55 '40.20 

E0.60 
MPSA56 'E0.20 

£0.60 
0022 E1.50 

E0.6t 
0C23 41.50 

E0.86 
0C24 El AO 

E0.76 
0C25 40.60 
OC26 E0.80 

E7.70 
0C28 £0.90 

£0.80 
0029 E1.00 

£0.80 
0C35 £0.90 
0C36 £0.90 

El 70 
OC70 40.15 

E0.80 
0071 £0.15 

E0.90 
TIC44 '40.29 

40.37 
TIC45 E0.29 

E0.37 
TIP29A £0.44 

40.38 
TIP29B £0.52 

'40.18 
TIP29C 40.82 
TIP30A E0.50 

'E0.77 TIP3o0 £0.60 
£0.25 TIP3oC E0.70 '00.25 TIP31A £0.54 

'E0.28 TIP31B 

E0.28 
TIP31C 

E0.30 
TIP32A 

£0.23 
TIP32B 

0.23 7IP32C 
£0.24 TIP41A 
£0.28 TIP41 B 
E0.22 

TIP41C £0.22 
T '£0.58 IP42A 

£0.14 TIP428 
£0.14 TIP42C 

E0.70 2N3703 
40.80 253704 
£0.72 293705 

Prise 
'40.07 
'40.07 
'E0.07 
40.07 
'£0.07 
40.20 
40.40 
£0.60 
£0.40 
E0.12 
£0.14 
'40.14 
40.12 
'40.12 
'40.18 
EO.19 
40.18 
'40.18 
'40.18 
40.18 
'£0.18 
'40.18 
'40.18 
'40.18 
'40.55 
40.65 
'£0.10 
'40.10 
E0.10 
£0.56 
'40.28 
40.34 
40.35 
40.32 
40.32 
£0.38 

'E0.30 
40.32 
£0.70 
£0.70 
£0.38 
40.95 
£0.58 
£0.38 
40.36 
40.45 
40.42 
£0.55 
£0.70 
40.38 
WAS 
£0.38 
40.40 
£0.28 
40.48 
£0.52 

NEWNES TECHNICAL BOOKS 

No 229 BEGINNERS 
GUIDE TO 

ELECTRONICS 
PRICE £2.251' 

No. 230 BEGINNERS 
GUIDE TO 

TELEVISION 
' PRICE £2.251- 

No 231 BEGINNERS 
GUIDE TO 

TRANSISTORS 
PRICE £2.25f 

No. 233 BEGINNERS 
GUIDE TO 

RADIO 
PRICE£2.25t 

No. 234 BEGINNERS 
GUIDE TO 

COLOUR TELEVISION 
PRICE £2.25f 

No 235 ELECTRONIC 
DIAGRAMS 

PRICE£1 .80 f 
No 236 ELECTRONIC 

COMPONENTS 
PRICE£1 .80 f 

No 237 PRINTED 
CIRCUIT ASSEMBLY 

PRICE ti 1 80f 

No. 238 TRANSISTOR 
POCKET BOOK 
PRICEE3.90f 

No. 225 
110 THYRISTOR 

PROJECTS USING 
SCRS & TRIACS 
PRICE £2.501 

No 227 
110 COS /MOS 

DIGITAL IC PROJECTS 
FOR THE HOME 
CONSTRUCTOR 

PRICE £2.25f 

No 226 
110 OPERATIONAL 

AMPLIFIER PROJECTS 
FOR THE HOME 
CONSTRUCTOR 

PRICE £2.504 

No. 242 
ELECTRONICS 

tPOCKET BOOK 
PRICEE3.75f 

No. 239 
30 PHOTOELECTRIC 

CIRCUITS & SYSTEMS 
PRICEti1 80f 

Type 
7400 
7401 
7402 
7403 
/404 
7405 
7406 
7407 
7408 

74 SERIES TTL ICs 
FULL SPECIFICATION GUARANTEED ALL FAMOUS MANUFACTURERS 
Price 

£0.14 
£0.14 
£0.15 
C0.15 
40.15 
40.15 
£0.30 
£0.30 
£0.16 

Type 
7409 
7410 
7411 
7412 
7413 
7414 
7416 
7417 
7440 

Price 
£0.15 
40.14 
£0.23 
40.23 
40.27 
40.58 
40.28 
40.28 
£0.18 

Tÿpe 
7441 
7442 
7445 
7446 
7447 
7448 
7475 
7480 
7481 

Price 
£0.64 
£0.64 
£0.90 
£0.90 
£0.78 
£0.80 
£0.48 
£0.50 
£0.95 

Type 
7482 
7483 
7484 
7485 
7486 
7489 
7490 
7491 
7492 

Price 
£0.86 
40.95 
£0.98 
41.20 
40.30 
42.90 
£0.42 
£0.75 
£0.45 

Type 
7493 
7494 
7495 
7496 
74100 
741) 0 
74118 
74119 
74121 

Price 
£0.40 
40.88 
£0.75 
£0.80 
£1.00 
£0.50 
40.90 
£1.85 
£0.30 

Type 
74122 
74123 
74141 
74154 
74180 
74181 
74190 
74198 
74199 

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 -1 50K ohms 

No Price 
1322 £5.95 

Type Price 
CD4000 40.14 
CD4001 40.18 
CD40C4 £0.18 
CD4006 E0.98 
CD4007 40.18 
CD4008 £0.95 
CD4009 40.55 
CD4010 £0.85 
CD4011 £0.18 

Type Price 
CD4012 £0.18 
CD4013 £0.50 
CD4015 £0.90 
CD4016 40.50 
CD4017 £0.90 
CD4018 41.00 
C04019 E0.52 
CD4020 E1.10 
CD4021 £0.98 

CMOS ICs 
Type 
CD4022 
CD4023 
CD4024 
CD4025 
CD4026 
CD4027 
CD4028 
CD4029 
CD4030 

Prise 
£0.85 
£0.18 
£0.72 
£0.18 
£0.98 
40.60 
40.85 
41.15 
40.55 

Type 
CD4031 
CD4035 
CD4037 
CD4040 
CD4041 
CD4042 
CD4043 
C04044 
CD4045 

Price 
£2.20 
41.05 
£0.85 
£0.95 
40.82 
£0.82 
40.98 
C0.94 
£1.40 

Type 
CD4046 
CD4047 
CD4049 
C04050 
CD4054 
CD4055 
C04056 
CD4069 
C04070 

Pries 
41.30 
£1.10 
40.55 
40.55 
41.20 
41.20 
£1.40 
£0.40 
40.40 

Price 
40.50 
£0.70 
40.80 
£1.30 
41.10 
£2.00 
£1.50 
42.00 
41.90 

Type Price 
CD4071 40.28 
CD4072 £0.28 
CD4081 £0.18 
CD4082 £0.28 
CD4510 £1.30 
CD4511 E1.60 
CD4516 £1.40 
CD4518 41.08 
CD4520 41.25 

THYRI 
600rne TO 18 Cese 
Volts No Price 

10 THY600 /10 E0.13 
20 THY600 /20 £0.13 
30 THYBOO /30 £0.16 
50 THY600 /50 £0.22 

100 THY600 /100 £0.26 
200 110600 /200 £0.38 
400 THY600 /400 £0.45 

STORS 
7 Amp TO 48 Case 
Volts No Price 

50 THY 7A. 511 (0.48 
100 THY7A /100 £0.51 
200 THYIA /200 £0.57 
400 THY7A /400 £0.62 
600 THY7A /600 £0 78 
800 THY7A /800 £0.92 

1 amp TO 5 Case 
Volts No Price 

50 THYIA/50 £0.28' 
100 THY IA /200 £0.27 
200 THYIA /200 £0.28 
400 THY1A /400 £0.38 
600 THY1A /600 £0.45 
800 THY1A /800 40.58 

10 Amp TO 48 Cese 
Volts No Price 

50 THY10A /50 £0.51 
100 7H1104/100 40.57 
200 THY10A /200 £0.82 
400 THY10A /400 £0.71 
600 THY10A /600 £0.59 
800 7H110Á /800 E1.22 

3 amp TO 88 Case 
Volts No Prise 

50 THYIA/50 £0.25 
100 THY3A /100 £0.27 
200 THY3A/200 £0.33 
400 THY3A /400 £0.42 
600 THY3A/600 £0.50 
800 THV3A /800 £0.55 

18 Amp TO 48 Case 
Volts No Prie. 

50 71Y16Á /50 40.54 
100 THY16A /100 40.58 
200 THY18A /200 40.82 
400 THY16A /400 £0.77 
600 THY16A /600 £0.90 
800 THY 16A /800 41.39 

HIGH SENSITIVITY 
TEST METER 
Sensitivity 50.000 ohms. V 
Sue 6 %" e 4 /5" e 2'A" 
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 oa to 0/104 

in 10 Ranges 
Resistance 0 -100 ohms to 0/ 16 meg 

in 4 Ranges 
Decibels -20 to 62dB 

in 10 Ranges 

No Price 
1324 £19.79 

Type 
CA3011 
CA3014 
CA3018 
CA3020 
CA3028A 
CA3035 
CA3036 
CA3042 
CA3043 
CA3046 
CA3052 
CA3054 
CA3075 
CA3081 

Prise 
'40.60 
'£1.37 
'£0.70 
'41.40 
'£1.10 
'41.30 
'E1.35 
'41.15 
'41.55 
'£0.50 
'£1.80 
'E1.94 
'£1.60 
'El .50 

CA3089E E1.50 
CA3090AQ£4.25 
CA3123E 'E1.40 
1M301AH 'E0.47 

LINEAR ICs 
Type Price 
LM304 £3.00 
LM308H 'E0.95 
LM309K £1.75 
1M320.5V E2.00 
LM320-1 2V E2.00 
LM320-15V E2.00 
LM320-24V 4].00 
LM380N 'E1.00 
LM381AN E1.15 
LM3900N 'f0.63 
MC724P f1.50 
MC1303L 'E1.45 
MC1304P E3.80 
MC1310P 'El AO 
MC1312PQE1.50 
MC1330P '41.35 
MC1339 '£1.50 
MC1350 E0.75 

Type Price 
MC1351P 'f0.85 
MC1352P 'E0.85 
MC1456G 'E0.85 
MC1466L E3.85 
MC1469R E2.50 
MC1496G 'E0.80 
NE536 'E2.00 
NE515A 'E2.10 
NE540 'f2A0 
NE555 £0.40 
NE556 £0.82 
NE561 '£3.25 
NE5628 'E2.95 
NE365A E2.00 
NE566 'E1.50 
NE567 '42.50 
UA702C 'E0.48 
72702 E0.46 

Type 
UA703A 
UA709C 
72709 
709P 
UA710C 
72710 
U471 IC 
72711 
UA723C 
72723 
U474 IC 
72741 
741P 
11A747C 
72747 
UA748 
72748 
748P 

Price 
'£0.25 
'40.25 
'40.48 
'E0.25 
'40.40 
'40.30 
'40.32 
'40.32 
40.50 
£0.50 
£0.20 
40.20 
£0.20 
40.70 
£0.79 
£0.35 
£0.35 
£0.35 

Type Price 
SN76013N'E1.40 
SN76023NE1.40 
SN76110 E1.50 
SN76115 'E1.80 
SN7666 '40.75 
5(4030 '£1.75 
SL414A 41.75 
TAA550B E0.35 
TAA621A 'E2.00 
7446614 'E1.50 
TAD100 'E1.30 
TBA5400 'E2.50 
TBA641B '£2.25 
TBA800 E0.80 
TBAB1oS 'E0.95 
T 8482 '40.90 
TBA9200 'E3.40 
TCA270S '43.90 

5 Amp TO 68 Case 
Volts No Price 

50 THY5A/50 40.36 
100 THY5A /100 £0.48 
200 TN Y5A /200 E0.50 
400 THY5A /400 £0.57 
600 THY5A/600 £0.89 
BOO THYSA/800 40.81 

30 Amp TO 84 Case 
Volts No Prise 

50 THY30A /50 E1.18 
100 T1130Á /100 £1.43 
200 THY30A /200 £1.83 
400 THY30A /400 E1.79 
600 THY30A /600 E3.50 

5 Amp TO 220 Case 
Volts No Price 
400 THYSA/400P £0.57 
600 THY5A 600P £0.69 
800 THYSA 800P £0.81 

No 
BT101/500R 
BT102/500R 
BT106 
87107 
BT108 
2N3228 
2N3535 
BTX30/501 
BTX30/4001 
C106 4 

Price 
£0.80 
C0-80 
[1.25 
£0.93 
£0.98 
£0.70 
£0.70 
£0.33 
£0.46 
E0.60 

DIODES 
Type Price Type Prise type Price Type Type Type Price 
44129 40.08 BA173 E0.15 BY127 '£0.18 BYZ13 £0.28 0485 40.09 
AAY30 £0.09 85104 40.15 BY128 £0.16 BYZ16 E041 0A90 E0.07 
44213 £0.10 BAX13 £0.07 8Y130 E0.17 BYZ17 £0.38 O491 £0.07 
4A217 £0.10 BAX16 £0.08 BY133 'E0.21 BYZ18 £0.38 0A95 £0.07 
84100 40.10 BY100 E0.16 BY164 40.51 81219 £0.28 0A182 £0.07 
BA102 £0.32 BY107 £0.12 51176 'E0.75 0410 £0.35 0A200 E0.08 
BA148 40.15 BY105 £0.18 BY206 0447 40.07 0A202 £0.08 
84154 40.12 BY114 £0.12 81210 £0.39 0470 40.07 SD10 £0.06 
BA155 £0.14 BY124 '40.12 BYZ11 £0.31 0A79 £0.07 SD19 £0.06 
B4156 40.14 BY126 '40.15 BYZ12 £0.31 0481 £0.07 IN34 40.07 

N34A £0.07 
N914 £0.06 
N916 40.08 
N4148 £0.06 
544 £0.05 
5920 £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 
,Ther wise shown Add extra for 
..i nail Minimum order i1 

SILICON RECTIFIERS 
Tyyppee Price 

920 E0.08 
S921 £0.07 
S922 £0.08 
5923 £0.09 
5924 £0.10 
54001 40.05 
54002 E0.06 

Type 
N4003 
94004 
N4005 
54006 
54007 
S015 

Pnce 
£0.07 
£0.08 
(0.09 
£0.10 
£0.11 
£0.09 

Type 
S020 
$021 
5023 
5025 
$027 
5029 

Price 
£0.10 
40.11 
£0.13 
£0.14 
40.16 
40.20 

Type 
S031 
N5400 
N5401 
N5402 
N5404 
N5406 
N5407 

Prise 
£0.25 
40.13 
£0.15 
40.19 
40.17 
£0.21 
íO.25 

B/ -PA/ff 
P.O. BOX 6, WARE, HERTS 

SHOP 18 BALDOCK ST., WARE, HERTS. 
AT OPEN 9 to 5.30 Mon /Sat. Tel: 61593 
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High quality modules for stereo, mono and 
other audio equipment. 

PUSH -BUTTON 

°°-Ak STEREO 

FM TUNER OUR PRICE ONLY,_ 

£20.45 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. 

STEREO PRE -AMPLIFIER 

* FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre -sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3p. volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

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 
instruction booklet. COMPLETE 
PRICE £29.55 plus 85p postage 

TEAK 60 AUDIO KIT: 
Comprising Teak veneered cabinet 
size 163 /a "x111 /z "x33 /a ',- other 
parts include aluminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate sockets 
etc. KIT PRICE £10.70. 
plus 85p 
postage. 

SPECIFIC 
H onic arm 

Load Impedance 8 -16ohm Size: 75mm x 63mm x 25mm 
Frequency response ±3dB Po =2 watts 50Hz -25Hz 

Sensitivity for Rated O/P - Vs= 25v. RL =Bohm f= 1 KHz 75mV.RMS 

ZAL20 5w R.M.S. £2.95 AL30 10w R.M.S. £3.25 

Frequency Response + 1dB 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 R1AA curve with, 
1dB from 20Hz to 20KHz 
Supply -- 20 -35V at 20mA. 

Dimensions 
299mm x 89mm x 

35mm 

PA100 
£Ì375 

AL 
20 -30 AUDIO 

AMPLIFIER MODULES 
The AL20 and AL30 units are 
similar in their appearance and in 
their general specification. How- 
ever, careful selection of the plastic 
power devices has resulted in a 

range of output powers from 5 to 
10 watts R.M.S. 
The versatility of their design 
makes them ideal for use in record 
players, tape recorders,' stereo 
amplifiers and cassette and car - 

ATION: tridge tape players in the home. 

Distortion P o = 0 2 . 5 

MPA 
30 

Enjoy the quality of a magnetic 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. 
Full instructions supplied. 

ALGO 25 Watts (RMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 at l KHz * 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 1 b ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm. 
Especially designed to a stud specihcauon 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. Willi the 

addition of the Mains Transformer BMT80, the unit will provide 
outputs of up to 1.5A at 35V. Size 63mm. 105mm 30mm 
Incorporating short circuit protection. 
Transformer BMT80 
£2.60 + 62p postage £3.15 

£4.35 

POSTAGE & 
PACKING 
Postage & Packing add 
25p unless otherwise 
shown. Add extra for 
airmail. Min. £1.00 

STEREO 30 
COMPLETE AUDIO 

7+7 WATTS 
R.M.S. 

P & P 45p 

£16. 
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, 

.tereo 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 £2.45 plus 62p p &p 
TEAK CASE E5.25 plus 62p p & p. 

PAl 
NEW PA12 Stereo 
Pre- Amplifier com- 
pletely redesigned 
for use with AL 
20/30 Amplifier 

Modules. Features include on /off volume. 
Balance, Bass and Treble controls. Complete 

Frequency Response 20H: -2OKH: with tape output. 

(-3dB). Bass and Treble range 
12dB. Input Impedance 1 meg ohm. 
Input Sensitivity 300mV. Supply 
requirements 24V .5mA. Size 152mm 
x 84rnm x 33mm. 

pci Power supply for AL20 /30, 
PA12, SA450 etc. 

Input voltage 1 b -20v A.0 Output voltage 22 -30v D.0 OUR PRICE <``': 

Output current 800 mA Max. Size 6Umm x 43mm x 26mm 
Transformer :.t.:38 £2.30 

SHOP 
AT OPEN 9 to 5.30 Mon. /Sat. Tel. 61593 

£1 e30 

P.O. BOX 6, 
WARE, 
HERTS. 

18 BALDOCK ST., WARE, HERTS 
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HART ELECTRONICS 
The Only Firm for Quality Audio Kits 

J. L. Linsley -Hood High Quality Cassette Recorder 

Master Board with one Replay Amp removed 
As these circuits in recent issues of "Wireless World" 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 
electrical 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- component instructions is 
childishly simple, but the finished result is a unit designed not to 
normal domestic standards but to the best professional practice. 

LENCO CRV CASSETTE MECHANISM 
High Quality, robust cassette transpon for Linsley Hood Recorder. Features fast forward, fast rewind, record, pause and automatic cassette ejection facilities. Fitted with Record /Play and Erase Heads and supplied complete with Data and extra cassette 
ejection spring for above horizontal use. Ex -stock £19.10 + £2.38 VAT. 

71x Complete set of parts for Master Board, includes Bias oscillator, 
Relay, Controls, etc. £9.83 + £1.23 VAT. 

72x Parts for Motor Speed and Solenoid Control for Lenco CRV Deck. 
£3.52 + 44p VAT. 

73x Complete set of parts for stereo Replay Amps and VU Meter 
Drive. £8.02 + £ 1 VAT. 

74x Complete set for Stereo Record Amps. £6.64 + 83p VAT. 
475x Complete set of parts for Stabilised Power Supply including 

special Low Hum field Mains Transformer. This unit is a separate 
3.5" x 5" PCB designed so that the motor control board fits above 
it to save space. £8.29 + £1.03 VAT. 

700M. VU Meters Individual high quality meters with excellent 
ballistics and built -in illumination. £6.48 + 81p VAT PER PAIR. 

ALL PARTS ARE POST FREE 
Please send 9 x 4 SAE for lists giving fuller details and Price breakdowns, 

A suitable Metalwork and Front Plate will be available soon 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed all day Saturday 

MINIMUM TI.D. POWER AMPLIFIER MODULES 
WE BELIEVE OUR MODULES ARE UNEQUALLED IN SOUND 
QUALITY, OVERALL PERFORMANCE & VALUE FOR MONEY 

*S /N >110d9* 120 80x 25 nu, *Fully protected* 25omv /56kn* i_:Hz- 35kHz,- 3d8 *14Trs.4Di 
It has recently been that an amolif ter with some traditionally I. s trea ble teatire. /q.baaay feedback. wide 

dthl can atte. uy s and worse than one with a purer Inc. This has been atIYibated 
to distortion by transl.ntsi t.L0., Caret ally positioned cowpenuuen, a rise- time of tips. 
settling -time of toys stewing -rat. of lairs imitate T.1.0. while t.9)1 is 
reduced to typically -11 ,41.01maa1.t Zhu. by ultra- flaw output triple,. net by e.cessidt 

.thi..ppreata has yielded one of the cl.ane,t sounding' 
ampli tier. mitottc regardless of cost. 

CE608 60Wrms /8n.±35v. £14.55 
CE1004 tOOWrms /4n. ±35v, £17 55 
CE 1008 100Wrms /8n.t45v. £2155 
H /slnks,50mm.85p;H /duty 1OOmm.£1 50 
Cheque /PO. to: CRIMSON ELEKTRIK 
s dot for rau details 74 STATION ROAD. 

`.I.13slI ,shit RATBY; LEICESTER. 11009 Dometlic heat,tnh.lSOmm.l 

WW -048 FOR FURTHER DETAILS 

WELL EIECME1135 M. © 
Our New "CAT" now available price 40p. Genuine fastest 
service in the U.K. Most modern components shop in East 
Anglia. Best Semiconductor selection in the South East. 15 
years in Mail -Order Electronics. Over 2,000 square feet of 
Stores. 

Name: 

Address: 

Please print clearly 

I'M YOURS 
FOR 40p!! 

WW -065 FOR FURTHER DETAILS 

for those who 
appreciate Oiiality... 

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 

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

Glass epoxy printed circuit Full technical construction 
panels 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. 

Forgestone Colour Developments Limited 
Ketteringham, Wymondham, Norfolk, NR18 9RY, U.K. 
Telephone: Norwich 810453 (STD 0603) s 
MAIL ORDER - Barclaycard & Access accepted J 

WW - 073 FOR FURTHER DETAILS 
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LET US GET DOWN TO CASES! 

i \ 
_ 

INJECTION AND COMPRESSION 
MOULDING TO YOUR REQUIREMENTS 
ALSO INDELIBLE PRINTING OF G.R.P. 
ALUMINIUM AND COATED PANELS. 

WE ARE SUPPLIERS OF GLASS FIBRE 
INSTRUMENT CASES TO INDUSTRY 
AND COMMERCE. NOW THESE ARE 
AVAILABLE TO YOU! 

GLASS FIBRE CASES. D.M.C. OR S.M.C. 
GREY, BUT OTHER COLOURS BY 

ARRANGEMENT. 

SIZES 
BOX 

ALONE 
WITH 

ADDITION* 
8"x51/2"x5" £1 .94 £2.71 
9"x 4"x3" £1.30 £2.07 
6"x4"x4" £1.10 £1.96 
5"x3"xl Y2" £0.51 
4"x4"x l'h" £0.54 

Plus VAT and carriage 

*WITH FRONT PANEL, INSIDE PANEL (BOTH ALUMINIUM) AND 4 RUBBER 
FEET. 

TRADE PRICES ON REQUEST 

THOMAS MAUGHAN & ASSOCIATES (DEPT. AW) 
CLARENCE MILL, BOLLINGTON 

NR. MACCLESFIELD, CHESHIRE. Tel: BOLLINGTON 74294 

WW -038 FOR FURTHER DETAILS 

Audio Connectors 
Broadcast pattern )ackfields, jackcords, plugs 
and jacks. 

Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors with 
coupling nut - 

Hirschmann Banana plugs and tesi probes 
XLR compatible in -line attenuators and 
reversers. 

Low cost slider faders by Ruf. 

Future Film Developments Ltd. 
90 Wardour Street 
London W1V 3LE 
01 -437 1892/3 

WW026 FOR FURTHER DETAILS 

9Rit:rti %:Ii rRi:r:r:r * **** *IMIIR¡r/ MMM 

Wi /kinsons RELAYS P.O. TYPE 

BUILT TO YOUR SPECIFICATION HIGHEST :lei 
QUALITY AT COMPETITIVE PRICES WITH 

DELIVERY SERVICE. QUOTATIONS :¡ll 
BY RETURN HOME AND OVERSEAS ÿ 
HIGH SPEED RELAYS. Single and Double 
Pole various resistances. RESISTORS 

Po P.O. Type 9 and 12, and complete RELAY 
SELECTOR UNITS available now at 
competitive prices. 

PLUNGER KEY P.O. No. 308 with 3 C/O contacts 40p each 
LAMP JACK. P O type for tubular wedge bulbs 30p each 
LEDEX DC OPERATED SOLENOID OPERATED WAFER SWITCHES 24 Poi,. 11 

Way and Off and 54 Pole On' Off 9 Wafers both types 1 10 each 

SINGLE V.V.C. INSULATED CONNECTING WIRE. 
TEE 

far 

L. WILKINSON (CROYDON) LTD., LONGLEY HOUSE, LONGLEY ROAD, 
CROYDON, CRO 3LH Phone: 01- 6840236. Grams: WILCO CROYDON 

f.: í1.sr:iifSr,:rr. -?: I3 LI,Sri 1 111- í rrn:iri:1iri:T0W WW -083 FOR FUJI1 HER DEFAILS 

NEW 
The Semicon 
International 
Diode 
ISBN 0 904944 02 6 

L3 SCR Index 

1st EDITION 
£ 10.60 (UK) 
Elsewhere £11.90 

A COMPANION VOLUME TO THE PROVEN 

SEMICON 
INTERNATIONAL 
TRANSISTOR INDEX 
ISBN 0 904944 01 8 

6th EDITION 

£ 9.60 (UK) 
Elsewhere £11.90 

The price includes postage & packing h1/ surface mail, anywhere in the 
world. Airmail extra. 

Each volume has a unique easy reference alpha -numeric listing of the 

maximum ratings and characteristics of over 25,000 discrete devices 

of international origin -European, USA and Japanese. Essential to all 

Engineers, Technicians and Buyers. Accepted worldwide as the best 

of its kind available-and with a 12- months guarantee of validity. 

it ALPHA -NUMERIC LISTING OF ALL DEVICES 

* EXTENSIVE SUBSTITUTION GUIDE 

* CV DEVICES AND COMMERCIAL EQUIVALENTS 

* TERMINATIONS 

* ALTERNATIVE MANUFACTURERS& AGENTS 

ACCESS /BARCLAY /INTERBANK accepted. Quote card No. 
Please remit with order. 

Refund if not satisfied and book is returned within 14 days. 
Semicon Indexes Ltd: 7 Kings Parade, Kings Rd., Fleet, Hants.GU139AB 

TEL: FLEET (02514) 28526 
WW - 055 FOR FURTHER DETAILS 
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RST 
VALVES 
AZ3I 1.00 

AZ4I 0.70 
CBL31 1.40 
CL33 1.50 

CY3I 1.00 
DAF91 0.10 
DAF96 0.80 
DCC90 135 
DF91 0.40 
DF96 0.80 
DK9I 0.50 
DK92 1.00 
DK96 0.75 
DL92 0.50 
DL94 0.65 
DL96 0.55 
DM70 0.70 
DY86/7 0.45 
DY802 0.47 
EABC80 038 
EAF42 0.70 
EAF801 0.15 
EBC33 1.10 

EBC4I 075 
EBCeI 0.40 
EBF80 040 
EBF83 0.40 
EBF89 0.32 
EBL3I 2.00 
ECC40 1.00 

ECC81 045 
ECC82 0.30 
ECC03 0 MI 

ECC85 0.45 
ECC88 0.50 
ECF80 045 
ECF82 045 
ECH35 1.50 
ECH42 0.05 
ECH81 035 
ECH83 0.50 

ECH84 0.50 
ECL80 0.00 
EC L82 042 
ECL86 0.55 
EF37A 1.50 

EF39 1.25 

EF4I 0.75 
EF55 I50 
EFTA/ 035 
EFáS 045 
EF86 050 
EF89 0.35 
EF9I 040 
EF92 0,50 
EF98 0.80 
EF183 0.40 
EF184 0.40 
EH90 0.60 
EL33 3.00 
EL34 0.70 
EL37 3.40 
EL4I 0.90 
ELA2 1.65 

EL84 0.35 
EL91 200 
EL95 0.60 
EL360 1.75 

EM80 0.55 
EM81 0.60 
EY5I 0.45 
EY86 0.50 
EZ40 0.60 
EZ4I 0,75 
_280 0,30 
EZeI 0.31 

EZ90 045 
GY501 0.90 
Gz30 0.65 
GZ32 065 
GZ34 0.75 
H63 0.90 
I4LD41DD 

0.70 

HN309 1.50 

KT61 110 
KT66 140 
KT81 (7C51 

2.00 
KT88 4.00 
KTW61 150 
KTW62 150 
N78 7.50 
052 0.45 
0B2 0./5 
OZ4 0.55 
PC86 0,65 
PC88 0.65 
PC900 0.55 
PCC84 0.45 
PCC89 255 
PCC 89 0.65 
PCF80 010 
PCF86 0.65 
PCF801 0.60 
PC F802 0.55 
PCF805 0.90 
PCF806 000 
PCF808 1.00 

PCLR2 0.45 
PCL83 0.70 
PCL84 0.50 
PCL85 0.60 
PCL86 0.50 
PD500 1.50 

PEN 45D0 
0.75 

PFL200 0.10 
PL36 263 
PL38 1.25 

PL81 0.55 
PL.82 0.50 
PL83 258 
PL84 0,50 
PL500 0,15 

PL504 0.88 
PI-508 0.90 

PL509 1.60 

PL801 1.00 

PL802 2,00 
PY32 0.63 
PY33 263 
PY81/800 

0.50 
PY82 Od5 
PY83 050 
PY500 I.IO 
PY801 0.55 
SP4I 300 
SP61 0.85 
T41 I.50 
U25 1,00 

U26 0.65 
U191 0.75 
U404 075 
U801 I.18 
1 I.48C.`U 040 
UAF42 0.75 
(5(11 0.60 
-IBF80 050 
UBF89 0.50 
UCC85 0.50 
UCH42 0.80 
UCH81 0.50 
UCL82 0.40 
UCL83 0.70 
UF4I 0.75 
UF89 0.50 
UL41 0,85 

UL84 0.50 
UY41 055 
4,305 0.45 
VP4B 1.25 

V 075.30 
0.55 

VR105,30 
0.40 

VR150'30 
245 

YR3 1.25 

IRS 
155 
IT4 
334 
3V4 
5R4GY 
5U4G 
5V4G 
5Y3GT 
5Z4G 
6ß0L2 
6AL5 
6AQ5 
6AS7G 
6AT6 
65416 
6535 
6856 
6BE6 
GBH6 
6816 
6BQ7A 
6BR7 
6BW6 
6BW7 
6C4 
6DC6G 
6C H6 
6E5GT 
6023 
6J5G 
6J5GT 
6J7GT 
6K 6GT 
6K7GT 
GKBGT 
6P25 
6Q7GT 
6SG7 
65J7GT 
6SL7GT 
6SN7GT 
6U4GT 

0.50 
0.40 
0.40 
050 
0.85 
1.20 

1.25 

265 
0.65 
095 
0.90 
830 
061 
1.00 

0.60 
0.40 
0.50 
0.30 
045 
0.75 
0.75 
255 
3.00 
1.00 

1.20 

0.40 
1.60 

220 
1,50 
0.90 

0.45 
0.55 

0.45 
0.90 
235 
0.50 
3.00 
0.43 
0.50 
0.30 

255 
0.55 

0,75 
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VALVE MAIL ORDER CO. 
Climax House, 159 Fallsbrook Rd.; Streatham 
London SW16 6ED 
Tel: 01 -677 2424 Telex: 946 708 

6Ú5G 1,50 

6V6GT 0.60 
6X4 0.45 
6X5GT,G 

055 
766 0.80 
767 0.80 
7C5 2.00, 
7C6 IAO 
7H7 0.80 
7R7 130 
7S7 2.25 
7Y4 080 
I2AC6 010 
12AD6 0,80 
125E6 0.15 
12AT6 0.45 
12ÁT7 0.45 
12AÚ6 0,50 
12AU7 0.38 
12AX7 0.38 
121356 0.50 
128E6 030 
I2BH7 0.60 
30C 15 1.00 

31)C17 1.00 

30C18 0.90 

:5005 1.00 
:1OFLI 1.00 

30FLI4 1.00 

30LI5 0.95 
30L17 0,95 
30P12 1.00 

30P19 095 
30PLI 0.95 
30PL13 1.10 

3OPLI4 1.10 

i5L6GT 010 
5W4 0.60 
5Z3 010 

45Z4GT 0.70 
5005 0,10 
SOC D6G 1.20 

80 075 
1107 1.00 

6080 3.00 
6146 3.00 
614úA 3.80 
61466 4.20 

TUBES 

2ßP1 7.M 
3ßP1 1.50 
3DPIA 4.00 
3EGI 800 
3FP7 200 
3GPI 5.00 
5ßP1 0.00 
5('PI 500 
88D 1500 
CV429 27.50 
UG7 -5 10.00 
VCRI38 10.00 
VCRI39A 

800 

TRANSISTORS & ICs 
AA' 19 0.07 8F180 0.30 
AAZ13 0.18 8F181 030 
AAZ15 012 0F194 0.10 
AC107. 0.15 6F195 0.10 
PC126 .025 60197 0.12 
AC127 0.25 BF200 032 
AC I28 0.22 6F561 0.25 
61176 0.27 8F598 0.25 
ÁC187 025 BFW10 0.61 
AC188 0.25 BF7029 028 
ACY2I 0.55 BFX88 0,25 
ACY39 1.00 BFY50 0.21 
AD140 0,65 BFY51 . 0.21 
5D149 065 BFY52 0.23 
50161 0.45 BRioO 0.40 
AD162 045 BYI00 0.15 
ÁF115 0.25 BY126 0.12 
ÁF116 0.25 BYI27 0.12 

AE11177 
0.25 

BFX61 series 
026 

AE239 0.45 BZY88 series 
ÁS1427 0.45 112 
ASY28 0.25 CRSI -05 0.45 
84102 0.25 CR31 -40 0.60 
BAI15 0.15 CRS3 -05 0.45 
ßC107 0.14 CRS3 -40 0.75 
ßC108 0.14 MIE340 0.42 
ßC109 0.15 MIE370 0.65 
BC 113 0.15 503E520 0.60 
BC 117 022 5U E2955 1.25 
ßC143 0.20 543E3055 0.75 
ßC147 0.10 MPF102 0.40 
ßC148 BOB MPF103 040 
BC169C 015 MPF104 040 
BCI82 0.12 MPFI05 0.40 
ß0182L 0.12 142555 042 
ß0184L 013 NKT404 1.25 
BCY32 1.00 055 0.75 
BCY33 070 0510 0.55 
BCY34 075 0A79 0.12 
BCY70 010 0581 015 
BCY71 0.22 OASI 0.07 
BCY72 0.17 05200 0.10 
BCZ11 1.25 0A202 0.10 
805121 1.55 OC 16 1.25 
BD124 0.75 0C20 200 
BD131 0.40 0023 2.25 
ßD132 0.45 Oc25 065 
BFI 15 0.20 OC78 0.75 
8F167 020 0C35 0.15 
80173 025 (x:36 035 
50179 0.30 (1(42 0750 

0044 0.45 2N706A 0.12 40360 0.10 SN7983 1.10 
0C45 0.45 2N1131 0.23 40361 0.45 SN7484 1.00 
OC71 0.25 2N 1132 025 90362 0.40 SN7486 0.47 
QC72 045 2N1302 0.30 40430 0.85 SN7490 0,55 
0076 045 2N1303 0.40 SN7400 0,16 SN7491AN 1.00 
oC77 0,75 2N1304 0.45 SN740I 0.16 SN7492 0.70 
OC81 0.50 2N1305 0.45 SN7402 0.18 SN7493 0.70 
0031D 0.28 2N1306 0.50 SN7403 0.18 SN7494 0.80 
0031Z 1,00 2N1307 0.50 SN7404 0.25 SN7495 0.80 
0083 0.55 2141308 0.50 5147405 022 SN7496 095 
OC140 1.50 ZN1309 0.50 SN7406 0.42 SN7497 107 
OC170 0.50 2141613 0.21 SN7407 0.42 SN74100 119 
0C171. 0.50 2141614 045 5147408 0.28 SN74107 045 
OC200 1.00 2N2147 1.20 SN7409 0.28 SN74110 0,58 
OC201 1.75 2/42160 0.75 SN7410 018 SN74111 0.06 
OC202 1.50 2N2369A 0.25 SN741 1 0.25 SN74118 0,90 
oc2o3 1.50 2142646 0.50 SN7412 0.30 SN74119 1,68 
OCP71 1.25 2N2904 0.25 5N74I3 0.36 SN74121 0.50 
ORPI2 0.60 2N2904A 0.25 SN7416 0.36 SN74122 0.70 
ORP60 0.65 2N2905 0.30 SN7417 036 SN74123 1.00 
T1C44 0.30 2N2905A 025 SN7420 0.16 SN79141 0.90 
TIC226D 1.40 2142906 0.22 SN7422 0.25 SN74145 1.26 
TIL209 0.22 2N2926 0.15 SN7423 0.31 SN74150 1,75 
ZTX107 0.10 2N3053 0.29 SN7425 0.37 SN74151 1.00 
ZTX108 0.10 2N3055 0.60 SN7427 0.37 SN74154 2.00 
ZTX300 0.12 2N3525 0.90 SN7428 0.40 5I474155 1.00 
ZTX301 0.13 2N3614 IDO 5N7430 0.16 SN74156 1.00 
ZTX302 0,17 2N3615 1.50 SN7432 037 SN74157 0.95 
Z'rX304 022 2143702 0.13 SN7433 0.37 SN74170 2,52 
ZTX500 0.12 2143703 013 SN7437 0.37 SN74174 1.57 
ZTX501 0,13 2N3704 0.15 SN7438 0.37 SN74175 1,10 
ZTX503 0.16 2N3705 0.13 SN7440 0.22 SN74176 126 
ZTX531 025 2143706 013 5MM111AN 0.92 SN74190 2.00 
ZTX550 0.18 2N3707 013 5N7442 0.79 SN74191 2.00 
IN914 0.06 2N3708 019 SN7450 0.16 SN74192 200 
1144001 0.07 2N3709 0.12 SN7451 0.16 SN74193 2.00 
IN4002 0,07 2143710 0.13 SN7453 0.16 SN74194 1.30 
IN4003 0.08 2143711 0.13 SN7454 0.16 SN74195 1.10 
1N4004 0.08 2143819 0.37 SN7460 0.16 SN74196 1.20 
IN4005 0.09 2N3820 0.55 SN7470 0.36 SN74197 1.20 
IN4006 0.10 2143823 0.80 SN7472 038 SN74198 2.71 
1N4007 0.11 2143903 ß.I5 SN7473 0,41 SN74199 2.52 
IN4009 0.01 2N3904 0-IS SN7474 0.12 
1614148 0.08 2143905 0.17 SN7475 0.59 
15921 0.08 2N3906 0.17 5147476 0.45 
152033 0.20 2N4058 0.16 SN7480 0.60 
IS2051A 0.20 2149059 0.12 SN7482 0.87 
IS2100A 
153010 
2N696 

0.20 
0.25 
0.20 

2N4060 
2N4061 
2144062 

0.13 
0.13 

DIL 8 pin 12p 
214697 
2N706 

0.17 

0,12 
2144289 
IN 141 

0.30 
0,80 

SOCKETS 
14 pin 15p 
16 pin lip 

INDUSTRIAL VALVES 
B3GT 511 25551 7055 
824 511 25661 7155 
B3SA 5B.25761 7150 
863A 5C22 723A /0 
N21 5 D2I 725A 
N216 5R4GY 
N23B 5U4GB 801 
N23CR 5Z3 803 
X2A 5Z4G 805 
X2B 007 

6AF4A 808 
6A K5 8I1 
6AM5 811A 
6AM6 812A 
65 N5 813 
6AN8 815 
6505 828 
6AS6 8290 
6AU4GTA 8300 
6AU5GT 860 
6AU6 866 
6AV5GTA 866A, 
6AW8A 865E 
6AXSGT 872A 
6B4G 80 10 
6BA8A 891R 
601(4 
6BK7A 954 
613L7G15 955 
SONS 956 
6007 957 
6BS7 
60X7G"1 1625 
66Z6 
6C86 2050 
6CH6 2050W 
6C L6 2051 
6CW4 
6DK6 
6DQ60 
6E58 
6033 
6H6(metal I 

6K7GT 
6U8A 
6V6GT 

2A3 
25515 
2C26A 
2C34 
2C39A 
_2C43 
2D21 
2D21W 
2E26 
2131 
2133 
2150 
2154 
2156A 
21(25 
2K26 
2K28 
2K45 
2X25 

13 IO7A 
IN IO8A 
35'IORB 
/:\ 10913 
3,\ I 105 
3\ 1100 

\ 1461 
3A 167M 
355 
313z 240M 
30/24 I M 
3824 
3B28 
3829 
3C22 
3C23 
3C24/24G 
3C45 
3CXIODAS 
3E29 
Si 121E 
31 160E 
31 170E 
3Q 150E 
3Q 195E 
3S4 

V'3408. 
3V :390A 
3\ 390B 

4 1255 
4 250A 
4 4005 
4832 
4C35 
4CX2506 
4E27 
4150 
4152 
41525 
4.153 
4X 150A 
4X 1 502 
4 X2501 

513 251M 
50/252M 
58'254M 

E3 
1E13 
2A Y7 
2845 
2BY7A 
2E1 
2E14 
3E I 

28D7 
29C1 
53KU 
7581 
75C 1 

83A 1 

85AI 
85A2 
90AG 
905V 
90C1 
90CG 
90CV 
9551 
100TH 
15062 
15063 
150C 1 

15002 
150C? 
15004 
250TH 
328 
329 

401135 
4212EorH 
4242A 
43I3C 
43285 
4687 
5544 
5545 

5642 
5644 
5651 
5670 
5672 
5676 
5687 
5696 
5702 
5718 
5719 
5725! 

6AS6 W 
5726/ 

BAL5W 
5727' 

2D2 1W 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005, 

65Q` SS 

61121 
6057 
6058 
6(159 

.1160 
6061 
6062 
6063 
6064 
6065 
6067 
61172 
6073 
6074 
6080 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
6550 
6807 
6923 
6939 

7193 
7203 
7360 
7586 

8013 
80255 

9001 
9002 
9003 
9004 
9005 
9006 

13201A 

51834 
42087 
A2134 
52293 
52426 
A2521 
A 2900 
ACTE 
ACTS 

BIC IE 
8590 
BS 156 
BT5 
ßT35 
BT45 
BT79 
8T83 

CIC 

C VK 
CV25 
CV-6 
CV.6 
CV I 

CV.2 
5 

('\ 

l'V 
V 1 

\ 
I \ (\'I'I 

I 

\ 

VAT to be added 
VALVES & PLASTIC 

TRANSISTORS 121/2°/9 

INTEGRATED 
CIRCUITS 8% AND 

METAL CAN 
TRANSISTORS 8% 

CV 131 
CV 132 
CV 133 
CV 135 
CV 136 
CV 137 
CV 138 
CV 140 
CV 144 
CV 160 
CV 173 
CV 187 
CV 188 
CV 1 90 
CV220 
CV26 I 

C3273 
C V 284 
CV286 
CV 287 
CV31S 
CV 329 
CV'337 
CV 342 
CV345 
CV 354 
CV 359 
CV360 
CV37I 
CV372 
CV378 
CV39 1 

CV 345 
C V 397 
C V428 
C'V434 
CV 447 
CV 449 
CV466 
C V 469 
CV488 
CV491 
CV492 
CV493 
CV717 
C V 808 
CV 1072 
CV 1076 
CV1092 
CV1219 
CV 1 343 
C31475 
CV 1476 
CV 1477 
CV 1478 
CV 1 794 
CV 1480 
CV1481 
C31482 
CV I 787 
CV 1832 
CV 1 833 
CV 1835 
CV 1994 
C V 2000 
CV' 13l 
C'V_I54 
CV2155 
C V2 160 
I 32179 (\1135 
('\ 2237 

CV'2_238 
CV2253 
CV2289 
CV2520 
C32522 
CV272_1 
('V 2901 
l l 15_23 

i \ 

C V 3986 
CV3988 
CV399 I 

CV3998 
CV4001 
C V400'_ 
CV 4003 
C V 40(14 
C V 4005 
C V4006 
CV4007 
CV4008 
C34009 
CV4010 
CV401I 
CV4012 
CV4013 
CV4014 
CV4015 
CV4016 
CV4017 
CV4018 
CV4019 
C V4020 
0534022 
CV4023 
C V 4024 
CV 4025 
CV 4028 
C V4033 
CV4035 
C V 4038 
C34039 
C34040 
C V4056 
C34059 
0534060 
CV4062 
C34(X+3 
C V4064 
CV4079 
CV450 1 

CV4502 
C34503 
CV4504 
CV4507 
CV4508 
CVS060 
CV6004 
C V 6008 
CV6(W5 

DA30 
DÁ41 
DÁ42 
DA 100 
DET22 

E55L 
EROCC 
E 80 FC 
EWE 
E-ROL 
E 807 
ERICC 
FOIL 
E82CC 
ER3CC 
083F 
E88CC 
E9OCC 
E9OL 
E9IH 
E92CC 
E 180CC 
FASO 
EA 52 
EA 76 
ECC35 
ECF604 
1'050 

11,4 
1155 
1:F804 1 P6 
1f L91 
FN30 
I N31 
IN32 
FN91 
FSU74 
LS1176 
ESU77 

F6057 
060511 
F6061 
06063 
F X'_ 19 
0X2_5 
1X2.7 

GI3'IK 
O120 113 

(i 150 2B 
GIS,/ 2M 
G'_4n 2D 
G41x/ 1 K 
G N 4 

GT I(' 
GTR I20W 
GTR 150MS 
GU 18 
GU2021 
GU50 
GXUI 
KT66 
KT67 
KT88 

M8079 
M 8080 
M8081 
M8082 
M8083 
M8091 
M8096 
M8097 
M8098 
M8100 
M8136 
M8137 
M8140 
M8141 
M8142 
M8144 
MR 149 
M8157 
MR 161 
M8 162 
M8163 
MR167 
M8179 
MR 190 
M819h 
MR204 
M8212 
MR214 
M8223 
M8224 
M8225 
M8 232 
M8237 
MR245 
ME 1400 
ME1401 

052 
053 
OA4G 
OB2 
OR 

OD) 
OG3 
OZ4 
OZ4,\ 

PT15 

QA2400 
QA2403 

A 2404 
A2406 

QA2407 
B3í300 
83 5 750 

1100 
41 

45 
QQV0l6 
QQV03 10 
OQV03 20 
QQV03-20A 
QQV04-15 
QQV06 40 
QQVO6 405 
QS7020 
QS75/20 
0575/40 
QS75/60 
QSß3/3 

2/1 0 
S95 '10 
SIi)5 45 

Q5150 41 i 

QSI504< 

QS 1200 
QS 1202 

51203 
51205 
U37 
V03-12 
VO4-7 

QV05-25 
OV06 20 
QY3-125A 
QY4 250A 

400A 

RIO 
617 

1( 18 

SI 1E12 
1130 
SI3pP 
ST V280/40 
ST V 280/80 
SU41 
SU42 

TD03 10 
TT15 
TT21 
TTR3IMR 
TZ40 

U17 
(119 
1127 

V LS63 I 

Z 300T 
Z 759 
ZR03U 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE VCR 139A, CV 1 525 
Price £8.00 P &P 50p add VAT 8% 

SPECIAL OFFER 
I arms of Business: Mon. to Fri. Open for callers 9 a.m. to 5 p.m. Closed Sat. Express postage 1 5p for 1st valve; 2p each additional valve. Express postage 1 5p per order for transistors. Prices on application for any type not listed. Obsolete valves a speciality. Prices correct when going to press. This applies to the U.K. 

ROTATABLE LOG PERIODIC ANTENNA 
The LDA 10 series of rotatable Log Periodic Antennas is designed for use on medium to long range communication circuits. They can be constructed on site where minimal space may be available and in many cases these types of antennas can be erected on buildings. Fixed station and transportable versions are available. 
These antennas are horizontally polarised therefore giving a performance that is virtually unaffected by ground conditions. No loaded elements are used, the antenna comprising arrays 
of half wave dipole elements. The LDA 10 is rated at 1 Kw power handling, and a 10Kw version is in advace stage of testing 
If required we can carry out installation of the array Including the foundation work of the structure. 

RADIO MASTS LTD. 
POND WOOD CLOSE, MOULTON PARK INDUSTRIAL ESTATE, NORTHAMPTON Cables: RAMAR, NORTHAMPTON Telex: Headship (N'pton) 31355 (Ramar) 

TELEPHONE: 0604 43728 & 491572 
l%.w -9804 FOR FURTHER DETAILS 
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WEST HYDE Instrument cases 

MOD 

3 
Offer instrument manufacturers low -cost cases ex stock Blue PVC coated 

steel strength and rigidity PVC aluminium grey front and rear panels are 

removable. PCB and PSU mounting system available Also available in 

black, 301 price of 302, Bk 302 303, Bk 304 305. 

CONTIL 
A range of eyebrow cases m blue textured acrylic. Front panels normally 

white nntec or PVC /aluminium, also available unpainted up to 1277 we 
Alu minruns panels 20p extra up In 1(1127 only 

All dimensions are WrdihrHe,ghl xDepih 

PRICES 1 oil ,nc. P & P but not VAT. 
MOD -3 hncluding chassis; C 4 5 1Úx 6 5" 6.59. 
301 7x3 x5 :" 5.75 D 9 3x 6 5" 6.59 
352 7x4 s5'1í. 8.17 E 9 7x 6.5" 9.50 
303 7x6 x5'4' 7.97 F 9 155 65 11.20 
304 11x3 x55 7.W, G 13 3x 65 9.50 
.305 11x4'4x5'L' 8.35 H 13 7x 65' 11.20 
.106 1156 x5'.4' 9.99 I 13 tOx 65 12.66 

CONTIL TEXTURED 
18 3x 65" 11.40 

K 18 7x 65" 18.43 Mud-2 c r 24 sizes. Front and back panels grey PVC. Alums nl/rm 
L 18 105 65" 19.06 chassis included, Packed flat. Outer casing blue PVC steel or up to size L 
M 4 5 3x13" 7,02 price higher re A 
N 4 5 7x13" 9.60 also available in wood- alit and black. IPnce as for next 

O 4.5 10x13" 12.65., Black is B price, 
P 9 

37:1133:: 

" 9.60 
O 9 12.65 

R 9 10x13" 15.43 
g 13 3x13" 12.65 
T 7x73" 15.43 
U 10x13" 19.06 

3x13" 15.43' 
W 18 7x13" 19.06 
X 18 10x13" 22.39 

WEST HYDE 
93 

CO 

i,,.*TMOD2 
755 7xSa5 7.98 

867 8:7x6" 9.48 

975 " 9.48 
1277 192:97:771: 10.92 
1277 unpainted 6.11 
16127 1657512" 15.05 
191010 19510x10" 2005 

ELF CASES Grey (roc. chess./ 
Elf 6x444" 3.20 
Bare Elf (less It. ch, pnl) 2.16 
Giant Elf 8x5',55" 4.60 
Long Elf 954:3" 3.90 
Jumbo Elf 103/4x51/4a5'4" 

5.40 
MODT2 CASES 
linclud,ng chuss,sl 
A 4.5x 3. 6.5" 8.06 
B 4 5x 7x 6.5" 7.02. 

P rises cornet t 31 Des. '76 
Mod 2,n Woodgra,n nr Black 
finish in sizes A -L 6 N. These tough hale cases add very little to the cost o a fob. Front panel 

Pricesu for ors price uP oR aluminum wrlh protective cuat. Elf cases are available in 4 sizes. all dough. 
Mod. 2. e.g. Mod 24Woodgreìn 
w Nick is as Mod 26. 

moulded in grey glass polyester, all panels, feet and chassis included. 

An West Hyde cases are available with substantial discounts lot quantifies Most cases have discounts at 5 oft and 25 off wrh discoums no tir 25 a1100 oIl Prices,nclude P& P and are less 10",,I collected, on hi, three pnce breaks oh 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 wh¢h can 

supplied louvred al no extra cost Free standing or rack mounting, available 

in rack or halfwidth assembled in special polystyrene pack for safe postage 

MINOS 

IIIIIII1 MI 
'Smarr miniature ABS cases in tough rigid high gloss black Front panels 

either all or PVC steel. Built -us slots for PC cards, dividers ett. Chassis or 

PC boards can be supported on 'P' clips from internal pillars. 

THE INSTRUMENT 

BRIGHTCASE MARK II SAMOS 
8C212 134 Full Hack) 18.07 'r1 100x 50s50m,n 
ßC27213'5." Hall Rack/ 16.59 S2 100x100x5Ornn 
ßC31215'1." Full Rack 19.56 S3 t00x150x5Omm 
8C322 15'6." Hall Rackl 18.07 54 125e 50x75mn, 
Rack Arse krts available S5 125e100x75mn, 
Nn e. oar n, Louvres add Sb 125x151.1x75mn, 

S7 1255200.75n,n, 
MINOS 
M2 65x100x511mm 
M3 100.130x500rm 
M2 Bare 
M3 Bare 

.67 

.85 
:44 
.50 

HEAVY DUTY CASE 
8x 8x5" 

10000- 
12x10e 7" 

1.24 
1.42 
1.55 
1.78 
2.04 
2391 
2.65 

Mn rature instrument cases in blue and white PVC steel. Assemble in the 

lower half, clip" feet, 2 screws allow the caver to hinge off cases, 2 more 
15'78 
1 5.75 to tex, PC feet are available to hold up to 4 PC boards horizontally re case. 

19.95 

SAMOS 

OVER 250 DIFFERENT 
CASES IN STOCK -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Send for cataloue 
WEST HYDE 

DEVELOPMENTS LIMITED 
Ryelield Cm., Northwood Hilh, Northwood, Middx., HAD INN 

Telephone: Northwood 24941/26732/27051 
Telex: 923231 West Hyde Nthwd. 

WW -012 FOR FURTHER DETAILS 

Available in 3 sizes. Heavily constructed in 'inlet steel, welded corners 
wish heavy hinges. 2 screw fixings and loam around the door In the base 

rs a gland plate with gasket and a chassis with screws provided. 

CASE SPECIALISTS 

® 
TF(T1pl 

EECTonicsJS i 
58.60 GROVE RD. 
WINDSOR,BERKS. 
S114 1 H S . 

TEL. 54525 

13D Sq VAT TO PRICES MARKED * 

ADD 121 q TO ALL OTHER PRICES. 
OR AS CURRENT VAT LEGISLATION 
SEND C,W..O.(EXCI:I'T GOVT DEPT) 
POST & PACKING 201, FOR THE U.K 
BARCLAYCARD & ACCESS BY POST 
OR £5 MIN ON TELEPHONE ORDERS. 
NEW CATALOGUE LIST FREE S.A.E. 
IONEY BACK IF NOT SATISFIED. 

NORMALLY 24 HOURS 
ON EX STOCK ITEMS 

. I:GMENT LEI) DISPLAYS 
BRIGHT COM ANODE .e 

01,704 COM CATI!. 0.3" Cl. 
1L747 0.6-JUMBO CA 01.25* 

DIGITAL CLOCK TC 51221 L4* 
/CNt)N STROf;E: 'fl'!shS i I s £7* 

BEE) LEOS 10P. 
!:I -D 1,1 I,5 303 3l''I.]. ii l'.'. 

OR 0,2" DIA. NO ,'LIP lape 

TIL209 RED LEI) & CLIP 12p* 
IBIG 0.2" RED LED & " 14p* 

GREEN OR ORANGE LEDS 29p* 
ORP12 54p*2N5777/OCP71 34p* 

TRAMPJS 
THE GREAT 
BRITISH 
DISTRIBUTOR 

INDUSTRIAL, EDUC.ATIONAL,TRAIII 
& EXPORT SUPPLIED.SEND FOR 
OUR FREE CATALOGUE LIST SAE 
MANUFACTURERS EXCESS STOCKS 
PURCHASED.DISCOUNTS 10% OFF 

100 up. 15% OFF 1000 up.... 

TOP DISCOUNTS. 
INTEGRATED CIRCUITS 

555 TIMER 34p* 
550 2 x 555 90p* 
703 RF /IF AMP 29p 
709 TO99 or DIL2Gp* 
710 DIL14 :35p* 
723 Regulator 11p* 
711 DIL Spin 21p* 
711 OIL 1 1p1 31p* 
741 TO99 33p0 
7.17 DUAL 711 139p0 
71e GIL 8 pin 32p* 
7805 5V1A +regEl,35* 
7812 & 7815eai1.40* 
76013 OW AF f1,50 
AY51224 CLOCK E4 

CA3016 54p* 
ICL8038 S1gen i4 * 

LM300I1 El * 

LM30IA Dil 8 33p* 
LM309K AV reg £2 * 

L11:30911 T05 can E1* 

LM318 70VusOPA £3* 

croas 

LM3807- '<-J C1 

LM381 Preamp £2 
LM3900 4xOPA 53p* 
11C1303 2xPre E2 

M01310 stereoE2 
MC1312P SQ £1.70 
MC1330 75p 
11('1339 Preamp£2 
MFC9000B }IS 72p 
MFC6030 £1 

NE536 FETOPA L20 
NE540 or 550 L2* 
NE555 TIMER 34p0 
NE:556 2x555 90p0 
NE560/1/2/5/6/7E3 
5572741 as 741 
SN76G60 IF 74p 
SN76611 IF £1 

TBA800 50 AF 81 p 

TßA810 7W AF 04p 
'7.N414 Radio £1.19 
NEW 1466/09 £4 

T T L r, 
4000 14p* 7400 12p0 7490 39p* 

4001 15pe 7401 13p* 7491 75p* 

4002 lope 7402 15p* 7492/93 45p* 
4007 16p* 7401 19p* 7495/96 72p* 
4009 50p* 7408/10 18p0 74100 £1.25* 
4011 16p0 7113 29p* 74107 32p* 

1012 17p* 7410 16p* 74121 29p* 

4049 50p* 7441 71p* 74123 69p* 
1069 20p* 7442 72p* 74141 74p* 

4501 26p* 7447 79p0 74145 85p* 

451101.65* 7470/72 27p0 74147 £2.500 

1528 Cl* 7473/74 31p* 74151 75p* 

4543 £2* 7475/36 35p0 74154 £1.400 

1553 £5* 7486 35p* 74196 01.50* 

DIL SOCKETS PROFESSIONAL QUALITY 
8pin,14pin & l6pin ALL 12p ea 

SOLDERCONS 100 49p* 1000 03.95* 

NEW LOW PR /CES. 
TRANSISTORS AND DIODES 

I11S BUSH SET 5p sax TIP31/32 50p0 
MATCBI;G 20p Pr* TIP31c32c68p* 
AC127/8 176 15p0 TIP41 /42ea 66p0 
AD161 /162 ea3Gp* TIP41c42c "£1.50* 
ßC107 Sp* TIP2955 69p* 
BC107B 13p* TIP3055 65p* 
ßC108 8p* TIS43 UJT 26p 
rC1o8I3 or C 13p* 15919/4148 4p 

ßC109 Cp. 154001/2 4p* 
ßC109ß or C 122p* 154004 5p* 
ßC147 /8/9 Ep 154007 7p* 
ßC157/8/0 lip 25706/8 14p* 
ß0167/8/9 12p 252646 UJT 40p* 
ßC177/8/9 lip 252904/5pnp29p* 
ßC182 /3/40 /lop 252926 ory 7p* 
8C212/3/44/112p 2X3053 17p* 
UCY70 /1/2 15p* 253055 90W 33p* 
BD131/132ea 36p* 253055 115w45p0 
BFY50 /51 15p* 253614 TO3 £1* 
E3F1(52/53 18p* 253702/3/4 lop 
BSX 19/20/21/Jp* 253705/6/7 9p 
RZY88 ZI'NER 10p 253708/9 9p 
C106D SCR 54p* 253710/11 15p 
MJ2955 T03 94p0 253819 &23e17p 
11.1E2955 93p0' 253820 PFET4Op 
MJE3055 65p* 253904/5/6 15p 
O.A81/91 Sp 253457 FET 32p 
TIP29 & 30 17p* IRIDGEIA50 20p0 

BARGAIN PAKS FULL SPEC Elea. 

PAK A: 11 RED LEDS full spec £l' 

PAK B:5 741C 8 PIN OP AMP f l t 
PAK C:4 2X30 :5 £1* D 12 ßC109 il* 

PAK E: 11 ßC182 E1 F 11 253704 CI 

PAK G: 7 BFY51 £I* H 8 253819 £l 

PAK J: G 2N3C53 El* K 40x15914 C1 

PAK M: 3 T099 :3055 £1 *N 25 OA91E1 
PAK P: 20 PLASTIC ßC109 TYPEnpnLl 

10 -365PF TUNER.SINGLE GANG FOR 
MED /SHORT WAVE.XTAL SET :etc £1* 
SET3 /IF CANS 455/470KHZ TOKO Cl* 

Full spec devices o Den 75p 

i 

PCB ETCH KIT 3 ITLOS C2* 

ETCH RESIST PEN 2TIPS 75p0 
FEC ETCH PAK TUB 600gm E1* 

6x4" SRBP 45p *NYLON F /Gi10 

SCR AND TRIACS BR100 25p0 
TAG 1A400V 50p*1A600V 69p* 
1A50V 37p *.C1OGD 4A400 60p* 
TRIACS:SC146D 10A400V £1* 
DISCO TRIAC 15A400V C2* 

AUDIBLE WARNING BLEEPER 
12V35mA £1.20510 off Cl* 

CAPACITORS 22pí - .01 5p 
ELECTROLYTIC IN 10 & 25V 
1/2/10/50/100 7p 50V 10p 
200/500 10p,1000 /25 20p 

POTENTIOMETERS AB etc2Op 
PRESETS 6p 1WRESISTORS 2p 
HEATSINKS T05 or 18 7p 
T03 16p.T03 4 "finned 50p 
I)IN:PLUGS all 15p.Sock 10p 
SWITCHES SPST 20p Dpdt 29p 

GAS DETECTOR TGS 308etcC4* 

vero 
VERO 0.1" PITCH COPPERCLAD 
21 "x5" 40pe 37"x5" 45p* 
21'rx31"3Gpu 33 "x37" 40p* 
3;x17" C2 FACE CUTTER 65p* 
DIL BREADBOARD 2"x4" CS or 
6 "x4" £2.VERO PINS 36 30p* 

BLACK PLASTIC CASES 42mmx 
80x60 50p0100x75 6013*99x 
120 70p.DESOLDER BRAID 50p 
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RETURN OF POST MAIL ORDER SERVICE 
BSR HI -FI AUTOCHANGER 
STEREO AND MONO 
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. 
Size 13'h- 11' /.in. 3 speeds. i\ ,_,"/ ab 
Above motor board 3'Ain. - 

Below motor board 21/2in. 
with STEREO and MONO 
CARTRIDGE £11.95 Post 75p 
B S R. SINGLE PLAYER similar to above with stereo 
cartridge and cueing device, large turntable E15.50. 
PORTABLE PLAYER CABINET 
Modern design. Rexme covered. 
Vynair front grille. Chrome fittings 
Size 17 x 15 x 8in. approx. £4.50 Post 75p 
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 75p, 
Model .A" Size 121/2 x 14/ x 7' /zin 
Model "B" Size 16 x 131/4 a 7in £7.50. 
Extra large plinth & cover. wood base. Size 
20" x 171/2" x9" £19.50. Callers only. 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 131/4 x 10 x 31/4in. Player unit 
clips to loudspeakers making it extremely compact. overall 
size only 13% a 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. £22.50 240V a.c. mains. 

£ 1 carriage 

FEW ONLY 

SPECIAL OFFER! 
SMITH'S CLOCKWORK 15 AMP 
TIME SWITCH 
0 -60 MINUTES £2.95 Post 35p 
Single pole two-way. Surface mounting 
with fixing screws Will replace existing 
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 fii to 
baffle board. Size 10V, a 7Yrin -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 a tin. approx. 
SAE. details. Full instructions supplied AC mains powered. 

VOLUME 
CONTROLS 

5kt) to 2Mt1 LOG or LIN 
L/S 25p. D P 40p. STEREO 
L/S 65p. D P 85p. Edge 51( 
S P Transistor 30p. 

800hm Coax 8p yd. 
STANDARD TYPE VHF 
FRINGE LOW LOSS 15p 

Ideal 625 and colour 
PLUGS 10p. SOCKETS 10p 
LINE SOCKETS 18p. 
OUTLET BOXES 50p. 

ELAC HI -FI SPEAKER 
8in. TWIN CONE 
Dual cone plasticised roll surround. Large 
ceramic magnet. 50- 16.000 t /s. Bass 
resonance 55 c /s. 8 ohm impedance. 
10 watts. music power. £3.95 Post 35p 

Ë.M.I. 131/2 x 8in. SPEAKER SALE! 
With tweeter and Ditto 
crossover 10 watt 15 watts. 
State 3 or 8 ohm 8 or 15 ohm 
As illustrated 

£5.95 
Post 35p 

£8.50 
Post 45p 

With tweeter and cross- 
over. 20 watt £9 5 J 0 
Bass res. 25 c p.s a7 
Flux= 11.000 gauss Post 45p 
8 or 15 ohm 20 to 20.000 c p s. - 

Bookshelf Cabinet £7.50 
Post 75p Teak finish, for EMI 13 x 8 speakers 

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 
Will also demagnetise small 
tools 

ELAC 
SPEAKER 

HI-FI £3.45 
TYPE 59RM Post 35p 

This famous unit now available. 10 watts, 8 ohm. 

RCS LOW VOLTAGE STABILISED 
POWER PACK KITS £2.95 All parts and instructions With Zener diode, printed 
circuit rectifiers and double wound mains 

Post 45p 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 a Thin Please state voltage required 

RCS POWER PACK KIT 
12 VOLT, 750mA. Complete with printed 
circuit board and assembly instructions. Post 30p 
12 VOLT 300mA 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.ZI., Guitar, etc, Can be used with Battery 
9 -12V or H.T. line 200 -300V d.c. operation. Size 114 x 11/4 x 

' /.in. Response 25 c/s to 25 kc /s, 26 dB gain £1.45 For use with valve or transistor equipment 
Full instructions supplied. Details S.A.E. Post 30p 

£3.35 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1.5V d c. operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed Idear displays. 
teaching electro magnetism or for 95p Post 
metronome. strobe, etc. p 30p 

MAINS TRANSFORMERS 
ALL P 05SoTp 

250 -0.250V 70mA. 6.5V, 2A .. .. £3.45 
250 -0-250 80mA, 6.3V 3.5A. 6,3V 1A or 5V 2A . £4.80 
350 -0-350 80mA, 6 3V 3 5A, 6.3V 1A or 5V 2A . £5.80 
300.0 -300V 120mA, 6.3V 4A C.T.; 6.3V 2A .... £7.O0 
MIDGET 220V 45mA. 6.3V 2A ... £1.75 
HEATED TRANS 6.3V 'h amp £1. 3 amp £1.40 
GENERAL PURPOSE LOW VOLTAGE. Tapped outputs at 2 
amp, 3, 4, 5, 6, 8 9, 10, 12, 15. 18, 25 and 30V E4.60. 
1 amp. 6, 8, 10, 12, 16, 18. 20, 24, 30, 36. 40, 48, 60 
£4.60. 2 amp, 6, 8, 10, 12, 16, 18, 20, 24, 30, 36, 40. 
48, 60 E7.00. 3 amp. 6. 8, 10, 12. 16, 18. 20, 24, 30, 
36, 40. 48, 60 £8.70. 5 amp- 6, 8, 10, 12, 16, 18, 20, 
24, 30, 36, 40, 48, 60 Et1.25. 6.06V 500mA £1, 9V 1 

amp. £1, 12V 300mA, £1, 12V 500mA, E1, 12V 750mA, 
£1. 10V, 30V, 40V, 2 amp., E2.75, 20V, 3 amp., £2.45, 
40V, 2 amp., £2.95, 30V 5A and 34V 2ACT £3 -45, 16V, 
1/2 amo. £1. 16V. 2 amo.. £2.20. O. 5, 8. 10, 16V, 'h 
amp.. £1.95, 20V 1/2 amp., £1.75, 20V, 1 amp., £2.20, 
20V 3 amp., £2.50, 20 -0 -20V 1 amp.. £2.95, 30V 11/2 
amp E2.75. 20v, 40v. 60v or 20- 0 -20e, IA. £3.50. 
AUTO TRANSFORMERS, 115V to 230V or 230V to 115V 
150W £5; 250W E6; 400W £7; 500W £8. 
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 11/2A HALF WAVE Selenium Rectifier. 25p. 

R.C.S. 
ROSEWOOD 
SPEAKERS 
Size 121/2m. x 91/4in. a 

51/2in. Response 50 to 
14,000 cps 8 watts rms 
3, or 8, or 16 ohms. 

£12 pair Post 75p 

KUBA - KOPENHAGEN 
STEREO 

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 
ON-connector sockets for tape record /playback. loudspeakers 
phono pick -up, external FM -AM aerials. Auto- 
matic stereo beacon,light Built -in ferrite rod £33.50 aerial for medium /longwave A C 240V mains 
Circuit supplied Post L1 SO 

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; 50V 57p. 
2500mF 50V 62p; 3000mF 25V 47p; 50V 65p. 
5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 95p. 

SHORT WAVE 100pF air spaced gangable tuner. 95p. 
TRIMMERS 10pF, 30pF, 5OpF, 5p. 100pF. 150pF, 15p. 
CERAMIC, 1 pF to 0.01 reF. 5p. Silver Mica 2 to 5000pF, 5p. 
PAPER 350V -0.1 7p; 0.5 13p; 1mF 150V 15p; 2mF 150V 
15p; 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 50p; 500pF standard 75p; 
365 + 365 + 25 + 25pF Slow motion drive 85p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V. Amber or red 30p. 

£3.95 RESISTERS. %W. 1/2W. 1W. 20% 2p; 2W, 1Op; 1011 to 10M 
Post 30p HIGH STABILITY. 1/2W 2% 10 ohms to 6 meg., 12p. 

Dino 5% Preferred values 10 ohms to 10 meg. . 5p. 
WIRE -WOUND RESISTORS 5 wattail0 watt, 15watt, 
10 ohms to 100K 12p each. 
TAPE OSCILLATOR COIL Valve type, 35p. 
BRIDGE RECTIFIER 200V PIV 1/2 amp 50p. 
TOGGLE SWITCHES S P. 20p. D .P S T. 25p. 0 P.D.T. 30p. 
MANY OTHER TOGGLES IN STOCK. 
PICK -UP CARTRIDGES ACOS GP91 £1.50. G P')3 £2.50 - 
SONOTONE stereo £2.00. 

RADIO COMPONENT SPECIALISTS 
Radio Books and Components Lists 10p. (Minimum posting charge 30p.) All prices include VAT. (We accept Access or Barclayraro. Phone your order -) Tel. 01 -684 1665 

BLANK ALUMINIUM CHASSIS. 6 a 4 --70p; 8 x 6 -90p; 
10 x 7- E7.15; 12 x 8- £1.35; 14 x 9 -- £1.50; 16 a 

6- £1,45; 16 a 10-- 01.70. ANGLE ALI, 6 a 4 x 14 in -15p. 
ALUMINIUM PANELS. 6 a 4. -17p; 8 x 6 --24p; 14 x 

3 -25p; 10 x 7 -35p; 12 x 8 --43p; 12 x 5 -30p; 16 a 

6-43p; 14 x 9 --52p; 12 x 12 -68p; 16 x 10 -75p. 
MANY ALI BOXES IN STOCK 
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BAKER MAJOR 12 "- £12.35 
30- 14,500 c /s, 12in. double cone, 
woofer and tweeter cone together 
with a BAKER ceramic magnet 

+` assembly having a flux density of 
14,000 gauss and a total flux of 
145,000 Maxwells. Bass resonance 

" 40 c /s. Rated 25W. NOTE. 3 or 8 or 
- 15 ohms must be stated. 

Module kit. 30- 17.000 c/s with 
tweeter, crossover. baffle £15 and instructions. 

Post 60p each 
I Please state'3 or 8 or 1 5sohms. 

BAKER "BIG- SOUND" SPFAKERS. Post 50p each 

'Group 25' 'Group 35' 'Group 50/15' 
12ín 12in. 15in. 
30W £10.95 4ow £12.50 75W £22.50 
3 or8or15 ohm 3or8or15 ohm 8or15 ohm 

BAKER LOUDSPEAKER, 12 INCH. SO WATT. 
GROUP 50/12, 8 OR 15 OHM HIGH POWER. 
FULL RANGE PROFESSIONAL QUALITY 

CPS 
MASSIVVEOCERAMIC MAGNET £16.50 
WITH ALUMINIUM PRESENCE Post 80p 
CENTRE DOME. 

TEAK VENEERED HI -FI SPEAKERS AND CABINETS 
For 12ín, or 10in. speaker 20x13x12in. E14.50 Post 95p 
For 13x8in. or Bin. speaker £7.50 Post 75p 
For 8x5in. speaker 1 2x8x6in. £5.80 Post 50p 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mixing, master volume, trebland 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. $lave 
output socket. Produced by demand for a quality valve 
amplifier. 100V line output to order. Send for leaflet. 
Suitable carrying cab E14. Price £85 cary. £2.50 
SPEAKER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 18in. wide 20p ft. 
Horn Tweeters 2- 16kc /s, 10W 8 ohm or 15 ohm £3.60 
De Luxe Horn Tweeters 3- 18kc /s, 30W. 8 ohm, E7.50. 
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.. £1.95. 
SPECIAL OFFER: 80 ohm. 21/4in., 2 % in., 35 ohm, 3in 25 
ohm. 21/2in., 3in . 5x3in., 7x4in., 8 ohm. 21/2in . 3in.. 31/2in., 
5in.. 15 ohm, 3Yain. dia. 6x4in., 7x4in., 5x3in., 
3 ohm.. 2Y in.. 2%in. . 31in., 5in. dia. £1.25 each. 
PHILIPS LOUDSPEAKER, 8in., 4 ohms. 4 watts, E1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
Bin diameter 4W £2.50. 10in. diameter 5W £2.95; 
1.2in. diameter 6W E3.50. 3/8/15 ohms, please state. 
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50 1, 40p. 
Mike trans. mu metal 106.1 £1.25. 

Tweeter Volume Control 15 ohms 10W with one inch long 
threaded bush for wood panel mounting. ' /Ain. spindle. 65p. 

BAKER 150 WATT 
PROFESSIONAL 
MIXER AMPLIFIER 
All purpose transistorised 
Ideal for Groups. Disco 
and P A 4 inputs speech and music. 4 way mixing 
Output 4 8/15 ohms. a.c. Mains. Separate treble and 
bass controls. Master volume control 

Guaranteed Details S.A E. £68 £1 .50 carr 
NEW MODEL MAJOR -50 watt. 4 input, 
2 vol Treble and bass Ideal disco 
amplifier £49 Carr £ 1 

100 WATT DISCO AMPLIFIER CHASSIS 
volume, treble, bass controls, 500 M.V. or 1 volt input 
Four loudspeaker outputs 4 to 16 ohm. All transistor. £52 

baker.. 

O O O 0 -' - - 

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER 
Add musical highlights and sound effects to recordings. 
WI! mix Microphone, records, tape and tuner 
with separate controls into single output. 9V. £5.20 
TWO STEREO CHANNEL VERSION £6.85 
BARGAIN 3 WATT AMPLIFIERI'4 Transistor 
Push -Pull Ready Built, with volume. Treble £3.95 

- and bass controls. 18 volt d.c. Mains Power Pack £3.45 
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 1Op. 5-pin 10p. 
DIN SOCKETS FREE 3-pin 25p; 5 -pin 25p. DIN PLUGS 
3-pin 25p; 5-pin ?5p. VALVE HOLDERS, 10p; CANS 10p. 

R.C.S. SOUND TO LIGHT KIT 
Kit of parts to build a 3 channel sound to light unit 
1,000 watts per channel. £12.50. Post 35p. 
Easy to build Full instructions supplied Cabinet £3. 

E.M.I. TAPE MOTORS. 240V ac 1,200 
r p m 4 pole Spindle 0 1 87x0.75in Size Xx 
31/4 a 21/2 x 2' /ein £2. Post 50p 
Collaro gram motor 1 20V 75p. 
E M I gram motor 240V E1.25. 

337 WHITEHORSE ROAD, CROYDON 
Open 9 -6. Wed. 9 -1. Sat. 9 -5 (Closed for lunch 1.15 -2.30) 
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LYNX ELECTRONICS (LONDON) LTD. DIGITAL DISPLAYS & LEDs 
01704 99p DL728 E1.85 2 RED LED ONLY 13p 
01707 55y DL747 ELIO GREEN top 
DL727 El II DL750 Et .110 TL209 lop 

AC126 
AC127 
AC128 
AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC176K 
AC187 
AC1B7K 
AC188 
AC188K 
AD140 
AD142 
AD143 
AD149 
AD161 
AD162 
AL1O2 
AL103 
AF114 
AF115 
AF118 
AF117 
AF118 
AF139 
AF239 
8C107 
BC107B 
BC108 
BC109 
8C109C 
BC117 
8C125 
BC126 
BC141 
BC142 
BC143 
BC144 
BC147 
BC148 
BC149 
BC152 
BC153 
BC157 
BC158 
BC159 
8C780 
BC161 
BC1688 
BC182 
BC182L 
BC183 
BC183L 
BC184 
BC184L 
BC207B 
BC212 
BC212L 
BC213 
BC213L 
BC214 
BC214L 
BC237 
BC238 
BC300 

0.15 
0.16 
0.13 
0.25 
0.18 
0.28 
0.18 
0.28 
0.16 
0.25 
0.18 
0.25 
0.18 
0.25 
0.50 
0.50 
0.46 
0.45 
0.36 
0.35 
0.96 
0.93 
0.20 
0.20 
0.20 
0.20 
0.60 
0.35 
0.37 
0.14 
0.16 
0.13 
0.14 
0.12 
0.19' 
0.18' 
0.20' 
0.28 
0.23 
0.23 
0.30 
0.09' 
0.09' 
0.09' 
0.25' 
0.18' 
0.09' 
0.09' 
O.O. ' 
0.32 
0.38 
0.09' 
0.11' 
0.11' 
0.70' 
0.10' 
0.1V 
0.11 
0.12' 
0.11' 
0.11' 
0.12' 
0.12' 
0.14' 
0.14' 
0.16' 
0.76' 
0.34 

8C301 
BC323 
BC327 
BC328 
BC337 
BC338 
BCY70 
BCY71 
BCY72 
BD115 
BD131 
B0132 
80135 
BD136 
80137 
BD138 
BD139 
8D181 
BD182 
BD183 
BD232 
BD233 
BD237 
10238 
80184 
BDY20 
BDY38 
BOY60 
BDY61 
BDY62 
80793 
80794 
BDY95 
BDY98 
BDY97 
BDY98 
BF178 
8E179 
8F194 
BF195 
BF196 
8E197 
BF224J 
6E244 
6E257 
8E258 
BF337 
BFW60 
BFX29 
8FX30 
BFX84 
8FX85 
BFX88 
BFY50 
BFY51 
BFY52 
BFY64 
BFy90 
BR100 
BFY39 
BSX19 
BSX20 
BSX21 
BSY95A 
BT106 
BT107 
BT108 
87109 

0.32 
0.60 
0.18' 
0.16' 
0.17' 
0.17' 
0.12 
0.18 
0.12 
0.55 
0.36 
0.40 
0.36 
0.39 
0.40 
0.48 
0.68 
0.56 
0.92 
0.97 
0.60' 
0.46' 
0.66' 
O.so 
1.20 
0.80 
OSO 
1.70 
1.65 
1.15 
2.52 
2.14 
2.14 
4.63 
3.93 
3.56 
0.29 
0.30 
0.10. 
0.10' 
0.12' 
0.12' 
o.1r 
0.17' 
0.30. 
0.36 
0.32 
0.17' 
0.25 
0.30 
0.23 
0.26 
0.20 
0.20 
0.15 
0.19 
0.36 
0.65 
0.20 
0.40 
0.16 
0.18 
0.20 
0.12 
1.00 
1.60 
1.60 
1.00 

BT116 1.00 
BU105 1.80' 
81.1105/02 1.90' 
BU 126 LSO' 
BY206 0.15 
81207 020' 
8YX36- 

300 0.1r 
600 0.16' 
900 0.1r 

1200 0.21' 
BYX38- 

300 0.50 
600 0.65 
900 0.60 

1200 0.66 
BZX61 Series 

Zeners 0.20 
6ZX83 or 
8ZX88 Serles 
Zeners 0.11 
C106A 0.40 
C106B 0.45 
C1060 0.50 
C106F 0.35 
CRS105 0.25 
CRS1 10 025' 
CRS1 20 0.36 
011S1 0.40 
CRS1 60 0.66 
CRS3 05 0.34 
CRS3 10 0.41 
CRS3 20 0.50 
CRS3 40 0.60 
CRS3 60 0.85 
MJ480 0.50 
MJ481 1.05 
MJ490 0.90 
MJ491 1.15 
MJE340 0.40' 

MJE371 0.60 
MJE520 0.45 
MJE521 0.65 
045 0.50' 

0A90 0.08 
0491 0.08 
0C41 0.15 
0C44 0.32 
0C45 0.32 
0070 0.30 
0071 0.35 
0172 0.22 
0084 0.46 
0084 0.14 
SC40A 0.73 
SC408 0.81 

SC4OD 0.95 
SC4of 0.65 
SC41A 0.65 
SC418 0.70 
SC410 0.55 
SC41F 0.60 
ST2 0.20 
TIP29A 0.44 
TIP3OA 0.52 
TIP31A 0.64 
TIP32A 0.64 
TIP34 1.06 

TIP41 A 
TIP42A 
N2069 
N2070 
54001 
54002 
54003 
54004 
N4005 
54006 
54007 
25696 
2N697 
2N706 
25929 
2N930 
251131 
251132 
251304 
251305 
2N1711 
252102 
252389 
2N2369A 
2N2484 
2N2646 
252905 
2529054 
2N2926R 
2529260 
2N2926Y 
2N2926G 
2N3053 
2N3054 
2N3055 
2N3440 
2N3442 
253525 
253570 
253702 
253703 
253704 
253705 
253706 
253707 
2813714 
253715 
253716 
253771 
2N3772 
2N3773 
253819 
2N3904 
253906 
254124 
2N4290 
254348 
254870 
254871 
254919 
2N4920 
254922 
254923 
2N5060 
255061 
255062 
255064 
2N5496 

0.N 
0.72 
0.14 
0.14 
0.04' 
0.05' 
0.06' 
0.07' 
0.Or 
0.09' 
0.10' 
0.14 
0.12 
0.10 
0.14 
0.14 
0.16 
0.16 
0.45 
0.40 
0.18 
0.44 
0.14 
0.14 
0.15 
0.50 
0.15 
0.22 
0.10' 
0.Or 
0.09' 
0.10' 
0.15 
0.40 
0.50 
0.56 
1.20 
0.75 
0.80 
0.10' 
0.10' 
0.10' 
0.10' 
0.10' 
0.10' 
1.05 
1.15 
1.25 
1.60 
1.60 
2.10 
0.2s' 
0.1r 
0.18' 
0.14 
0.12 
1.20 
0.35' 
0.36' 
0.70' 
0.50' 
o.sr 
0.64' 
0.25' 
0.211" 
0.30' 
0.35' 
0.66 

THYRISTORS 
o84 lA 3A 4A 6A 8A 10A 

(T092) (T175) (C106 type) (T0220) (T0220) (10220) (T0220) 
50 0.2r 26 35 35 41 42 47 

100 0.2r 25 40 42 47 45 64 
200 0.30' 3s 45 51 58 SO N 
400 0.35' 4o 50 so 87 85 R 
600 85 70 59 1.09 1.19 1.26 

TRIACS (PLASTIC TO -220 PKGE ISOLATED TAB) 
4A 6 54 h 54 104 154 

(a) (b) (a) (b) (a) (b) (a) (b) (a) (b) 

100V 0.50 0.50 0.70 0.70 0.78 0.78 0.53 0.53 1.01 1.01 
200v 0.64 0.54 0.75 0.75 0.57 0.87 0.87 0.57 1.17 1.17 
400V 0.77 0.75 0.80 0.63 0.97 1.01 1.13 1.19 1.70 1.74 
600V 0.55 0.99 0.57 1.01 1.21 126 1.42 1.50 2.11 2.17 

N.B. Triacs without internal trigger iliac are priced under column (a). Tracs with internal trigger disc 
are priced under column (b). When ordering please Indicate clearly the type required. 

TTL 74 SERIES PLASTIC 
7400 0.16 7420 0.16 /447 0.81 7483 1.12 74119 1.92 74163 1.20 
7401 0.16 7422 0.38 7448 0.81 7484 0.85 74121 0.34 74164 0.93 
7402 0.16 7423 0.40 7450 0.85 7485 1.25 47122 0.47 74165 0.93 
7403 0.16 7425 0.30 7451 0.16 7496 0.32 74123 0.40 74167 3.70 
7404 0.18 7427 0.48 7453 0.18 7489 2.92 74125 0.79 74174 1.06 
7405 0.18 7428 0.53 7454 0.18 7490 0.45 74141 0.75 74175 0.94 
7406 0.51 7430 0.14 7460 0.18 7491 0.88 74145 0.74 74176 0.86 
7407 0.18 7432 0.37 7470 0.32 7492 0.57 74150 1.20 74180 1.23 
7408 0.18 7433 0.49 7472 0.26 7493 0.45 74151 0.77 74181 3.20 
7409 0.18 7437 0.35 7473 0.30 7494 0.85 74153 1.09 74190 1.33 
7410 0.16 7438 0.35 7474 0.32 7495 0.67 74154 1.62 74191 1.33 
7412 0.25 7440 0.16 7475 0.47 7496 0.78 74155 1.32 74192 1.39 
7413 0.25 7441 0.76 7476 0.311 7497 4.32 74157 0.75 74193 1.39 
7414 0.72 7442 0.85 7480 0.56 74100 1.15 74160 1.20 74196 1.64 
7416 0.43 7445 1.60 7484 1.26 74107 0.35 74161 1.20 74197 0.81 
7417 0.43 7446 2.511 7482 0.75 74118 1.18 74162 1.20 74198 2.74 

74199 2.74 

TO-3 Transistor mounting kits LINEAR ICs 50 kas tor 65p 
Fully Tested but 
unmarked TO-3 NPN 
Power Transistors Simi- 
lar to 2N3055 type 
except. 

BVCEO >50V 
HFE >20 4313Amps 

5 pre. for E1.00 
70 pcs. for E1.80 
50 pa. for E3.40 

100 poe. for E13.00 

LM307 0.69' 709 0.35 MC1307P 1.17' 
LM380 0.50. 741 0.25 MC1352P 0.91' 
NE555 0.46 748 0.35 TAA550 0.45' 
NE565 2.00' 3900 0.70 744300 1.61. 
NE566 1.60. CA3045 0.55' TAA310 1.38 
NE567 2.00. CA3C146 0.60' TAA611B12 1.21' 

711 0.61 784530 1.65' 

HIGHAM NEED, CHESHAM, BUCKS. Tel. 1024051 

VAT - Please add 8% except items marked which 
P &P 20p. Overseas 80p 

ACCESS & BARCLAYCARD ORDERS ACCEPTED 

75154 
are 121/2 

14, 

AC /DC MULTIMETER 
TYPE U4324' 

With taut hand suspension 
movement 

High sensitivity movement 
and full coverage of AC 
and DC cuvent and 
voltage ranges. 
O 06- 0.6.6- 60- 600mA -3 Amps DC 
0 3.3.30- 300mA-3 Amos AC 
0 6.1 2-3.12.70.60.120-600-1200 
Vohs DC 

3 6-15-60.150-300400-900 
Vdts AC 
dye 20.000 Hz Fred Range 
5000 550500k8 
25í!t0 s kí2 

5Mí! Res. Range 

1 p ¡.'I:' 
IlIllllllllllllll 
n 

0/ 
WSW, 

08 j, l 
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c.40 ts¡ 
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Gr 
Price £12.45 

4 8;%, 

I 

o .: ° 

- 

a ¡i 

VAT 

1 

*STAR OFFER 
BC 207 

50 for £2.50 + 25" . VAT 
Plastic BC 107 

*STAR OFFER 
2N 3055A 

8 for £2.50 + 8"A VAT 

* STAR OFFER 
IN 4°02 

100 for £2.50 + 8% VA1 
Silicon rectifier 
1 amp 100 volt 

Rome add VAT 
and 20p P. &P. 

'Send Stamped 

ORCHARD 

Addressed 

WORKS, CHURCH 

Envelope for FREE Catalogue 
2,000 Items 

LANE, WALLINGTON. SURREY 

of over 

SM6 ¡NF 

8 DECADE RESISTANCE BOX 

DECADE BEStSTANCE MOON 8000 TIME ELECrtONICi LTp 

* 1 0100MO * 0.1% Accuracy 
* Colour coded digits, f2 yellow, KO white, MO red 

TIME ELECTRONICS LTD. 
Botany Industrial Estate Tonbridge, Kent 

Tel. Tonbridge (0732) 355993 
WW -013 FOR FURTHER DETAILS 

pcarAm kits DORAM KITS CONTAIN 
EVERYTHING DOWN TO 

THE LAST NUT 

\\.\\01714 J >> 19850 
BY LARSHOLT 

NIB:weep 

Q\ 

Atop quality kit enabling you to construct a highly professional FM Tuner. 
Step- bystep instruction and pre -aligned modules produce a tuner with a 

higher specification than many other tuners available at more than twice its 

price! 

SPECIFICATION: 
Signal to noise ratio: 67d8 typ. (400 Af input) 
Sensitivity: 1µV for 26dB quieting 
Distortion: 0.1% (Stereo) typ. 

Frequency range: 87.5 -104.5 MHz 
Stereo separation: 45dB at 1 KHz 

36dB at 10KHz 
FEATURES -Automatic scan facility. 

£98.50+ H VAT (Order Code 991 -956) 

O'seas orders -add 15% for P+ P. All items offered for sale 
subject to the Terms of Business as set out in Doram, Edition 3 
catalogue, price 60p. The Doram Kit brochure is also 
available, price 25p. Combined price only 70p which also 
entitles you to 2 x 25p vouchers, each one usable on any 
order placed to the value of £5.00 or more (ex VAT). 

DORAM ELECTRONICS LTD., P.O. BOX TR8, LEEDS LS12 2UF. 

An Electrocomponents Group Company 

WW -057 FOR FURTHER DETAILS 
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Wireless World Dolby noise reducer 
Trademark of Dolby Laboratories Inc. 

We are proud to announce the latest addition to our range of matching high fidelity units. 

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 eqúipment needed for alignment 

suitability for both open -reel and cassette tape machines 

check tape switch for encoded monitoring in three -head machines 

The kit includes: 

-complete set of components for stereo processor 

-- regulated power supply components 

-board -mounted DIN sockets and push- button switches 

-- fibreglass board designed for minimum wiring 

-solid mahogany cabinet, chassis, twin meters, front panel, knobs, 

Typical performance 
Noise reduction: better than 9dB weight- 

ed 

Clipping level 1 6.5dB 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. 

mounting screws and nuts 

PRICE: £37.90 +VAT 
Also,available ready built and tested Price £52.00 +VAT 

Calibration tapes are available for open -reel use and for cassette (specify which) 

Single channel plug -in Dolby PROCESSOR BOARDS (92 x 87mm) with gold plated 

Price £2.00 +VAT* 

contacts are available with all 
components Price £7.20 +VAT 

Single channel board with selected fet Price £2.20 +VAT 

Gold plated edge connector Price £1.40 +VAT* 

Selected FET's. 60p each +VAT, 100p +VAT for two, £1.90 +VAT for four 

Please add VAT 121/2% unless marked thus', then 8% applies 
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. 
Please send SAt for complete lists and specifications 
Portwood Industrial Estate. Church Gresley, 
Burton -on- Trent. Staffs D E 11 9 PT 
Burton -on -Trent (0283) 215432 Telex 377106 

E 
master charge 



INTEGREH 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

SOLID MAHOGANY CABINET 

A high -quality push- button 
FM Varicap Stereo Tuner combined 
with a 24W r.m.s. per channel Stereo 
Amplifier. 
Brief Spec. Amplifier Low field Toroidal transformer, Mag. input, Tape In /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,I 

INTERSTATION MUTE, and phase -locked IC stereo decoder. LED tuning and stereo indicators. Tuning range) 

88- 104MHz. 30dB mono S/N @ 1 .2pV. THD 0.3 %. Pre -decoder 'birdy' filter. 
PRICE: £53.95 +VAT 

NELSON -JONES STEREO FM TUNER KIT 
A very high performance tuner 
with dual gate MOSFET RF and 
Mixer front end, triple gang 
varicap tuning, and dual ceramic 
filter/ dual IC IF amp. 

Brief Spec. Tuning range 88- 104MHz. 20dB mono 
quieting ® 0.75uV. 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 @ 1.24V 
THD typically 0.3% 
Tuning range 88- 104MHz 
LED sig. strength and stereo indicator 

trum 

Mono £29.15 +VAT 
With I C P L Decoder £33.42+VAT 

With Portus- Haywood Decoder 
£35.95 +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 

PRICE: Mono £26.85 +VAT 
Stereo £29.95 +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: £31.95 +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 +VAT PHASE- LOCKED IC DECODER KIT . . . £4.47 +VAT 
PUSH -BUTTON UNIT £4.50 +VAT 

BASIC MODULE TUNER KIT (stereo) £16.75 +VAT 

PORTUS- HAYWOOD PHASE -LOCKED STEREO DECODER KIT £8.00 +VAT 
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. Tel. 6743 
ALL PRICES SHOWN INCLUDE V.A.T. AT 121/2 % 

OB2 0.40 6BA6 0.40 6L7(M) 0.60 12AU6 0.50 30PL1 1.00 B729 0.79 EC52 LOO 
0Z4 0.55 6BC8 090 6L12 0.39 12AU7 0.34 30PL12 040 8E63 2.00 EC53 1.00 
A3 0.60 6BE6 0.40 6L18 0.60 12AV6 0.60 30PL13 1.00 CL33 1.75 EC54 1.00 
ASGT 0.55 6BG6G 1.00 6L19 2.00 12AX7 0.34 30PLI4 1.29 CV6 0.60 ECM 0.84 
A7GT 0.60 613196 0.70 6LDI2 040 12AY7 1.00 30PLIS 1.00 CV63 LOO EC88 0.84 
B3GT 0.55 6816 0.65 6LD20 090 12BA6 0.50 35A3 0.75 CV988 0.25 EC92 0.55 
C2 1.00 6BK7A 0.85 6N7GT 0.70 1213E6 0.55 35C5 0.80 CYIC d.00 ECC32 1.00 
D5 0.75 6BQ5 0.34 6PL12 0.40 128117 0.55 35D5 0.90 CY3I 0.70 ECC33 2.00 
G6 1.00 6BQ7A 0.60 6P15 0.34 12BY7 0.85 35L6GT 090 DI 0.50 ECC35 2.00 
H5GT 0.80 6BR7 1.00 6Q7G 0.50 12E1 3.50 35W4 0.55 D63 0.30 ECC40 0.90 
L4 0.25 6BR8 1.25 6Q7GT 0.50 12J5GT 0.40 35Z3 0.80 DAC32 0.80 ECC8I 0.34 
LDS 0.70 6857 1.70 6Q7M 0.65 I2J7cT 0.70 35Z4GT 070 DAF91 0.35 ECC82 0.34 
LN5 0.70 68W6 1.00 6R7G 0.70 12K5 1.50 3525GT 0.80 DAF96 0.80 ECC83 0.34 
NSGT 0.75 6BW7 0.65 687(M) 1.00 I2K7GT 0.50 42 1.50 DC90 0.70 ECC84 0.35 
R5 0.50 6BX6 0.29 6SA7 0.55 12K8 0.75 5085 0.95 DD4 0.80 ECC85 0.39 
54 0.40 6BY7 0.36 6SC7GT 0.75 12Q7GT 0.50 5005 070 DF33 0.75 ECC86 1.25 
55 0.35 68Z6 0.60 6SG7 0.50 12SA7GT 075 50CD6G 1.20 DF91 0.30 ECC88 0.51 
T4 0.34 6C4 0,40 6SH7 0.55 12SC7 0.50 50EH5 0.95 DF96 0.60 ECC91 0.35 
U4 0.70 6C5G 0.60 6.S17 0.60 2SG7 0.55 50L6GT 1A0 DH63 0.50 ECC189 0.80 
U5 0.85 6C6 0.45 6SK7GT 0.55 12SH7 0.50 66KU 0.52 DH76 0.50 ECC804 0.79 

2D21 0.55 6C9 2.00 6SQ7 0.60 2Sf7 0.60 72 0.70 DH77 0.50 ECC807 1.40 
2GK5 0.75 6C10 0.71 6U4GT 0.80 2SK7 0.60 77 0.45 oH81 0.80 ECF80 0.50 
2X2 
3A4 
3B7 
3D6 

0.70 
0.55 
0.55 
0.40 

6CB6A 
6C12 
6CD6G 
6CG8A 

0.50 
0.35 
1.60 
0.90 

6U7G 
6UO 
6V6G 
6V6GT 

0.55 
0.50 
0.30 
0.55 

12SN7GT 0.75 
2SQ7 0.80 

I25Q7GT 080 
12SR7 0.75 

85A2 0.75 

85A3 0.75 
90AG 3,00 
90CV 2.80 

DK32 
DK40 
DK91 
DK92 

0.60 
0.70 
0.50 
1.00 

ECF82 
ECF86 
ECH2I 
ECH35 

0.50 
0.80 
2.00 
1.60 

3Q4 0.80 6CL6 0.75 6X4 045 4H7 0.75 108CI 040 DK96 0.70 ECH42 0.71 
3Q5GT 0.70 6CLSA 095 6X5GT 0.45 14S7 1.00 15062 1.00 DL63 0.70 ECH81 0.35 
3S4 0.45 6CM7 1.00 6Y6G 0.95 8 1.25 215SG 0.60 DL82 0.80 ECH83 0.50 
3V4 0.80 6CS6 0.45 6Y7G 1.25 19AQ5 0.85 302 120 DL92 0.45 ECH84 0.50 
4CB6 0.75 6CU5 090 7A7 1.00 19BG6G 1.00 303 1.20 DL-94 0.80 ECL80 0.45 
SCGB 0.75 6D3 0.75 786 0.80 9G6 650 305 1.20 DL96 060 ECL82 0.40 
5R4GY 1.00 6DE7 0.90 757 0.80 19111 4.00 807 1.10 DM70 0.80 ECL83 0.74 
5T4 1.00 6DT6A 0.85 7D6 2.00 9Y3 0.40 956 050 DM71 1.75 ECL84 0.65 
5U4G 0.60 6EW6 0.85 7F8 2.00 20D1 0.70 1625 2.50 DW4/350 1.15 ECL85 0.70 
5V4G 0.60 6E5 900 7H7 0.80 20D4 2.50 21 1.00 DY87/6 0.35 ECL86 0.50 
5Y3GT 0.55 6F1 0.80 7R7 2.00 20F2 0.85 702 1.20 DY802 0.45 EF22 1.00 
5Z3 1.00 6F6G 0.60 7V7 2.00 20L1 1.20 5763 1.65 E80CC 2.50 EF40 0.78 
5Z4G 0.48 6F12 0.50 7Y4 0.80 20P1 1.00 6057 1.00 E80CF 5.00 EF4I 0.75 
5Z4GT 0.55 6E13 0.90 7Z4 0.80 20P3 1.00 6060 1.00 E8OF 2.20 EF42 0.90 
6/30L2 0.79 6F14 0.90 8D2 0.50 20P4 0.84 6067 1.00 E83F 1.60 EF73 1.75 
6A8G 1.40 6F15 0.85 8D8 0.45 20P5 1.50 6146 3.50 E88CC 1.20 EF80 0.29 
6AC7 0.55 6F16 0.75 9BW6 0.90 25A6G 0.70 7193 0.66 E92CC 0.70 EF83 125 
6AG5 0.35 6FI8 060 9D7 0.70 25LOG 0.70 7475 1.20 EIBOCC 0.80 EF85 0.36 
6AG7 0.60 6F23 0.65 9U8 0.45 25Y5 0.80 9002 0.55 E180F 1.15 EF86 0.45 
6AH6 0.70 6F24 0.80 10C2 0.70 25Z4G 0.50 9006 0.45 E182CC 3.00 EF89 0.32 
6AJ5 0.70 6F25 1.00 10C14 0.45 25Z5 0.75 A1834 1.00 E188CC 2.50 EF9I 0.50 
6AJ8 0.35 6F26 036 IODI 0.85 25Z6G 0.80 A2134 3.00 E280F' 5.00 EF92 0.50 
6AK5 0.45 6F28 .074 IODE7 0.80 28D7 2.00 A3042 0.00 E1148 0.60 EF93 0.40 
6AK6 0.70 6F32 0.70 10E1 0.67 30A5 0.75 AC1PEf4 150 EA50 0.40 EF94 0.40 
6AK8 0.44 6G6G 060 10F9 065 30C I 0.40 AC2PENDD EA76 1.30 EF95 0.45 
6AL5 0.17 6GH8A 0.60 10E18 065 30C15 0.77 LOS EABCBD 0.40 F.F97 0.90 
6AM6 0.50 6GK5 0.75 10L14 0.45 30C17 0.77 AC6/PEN MAO EAC9I 0.55 EF98 0.90 
6AM8A 0.70 6GU7 000 IOLDII 075 30C18 1.00 AC/P4 ISO EAF42 070 EF183 0.36 
6AN8 
6AQ5 

0.70 
0.47 

6116GT 
6J5GT 

0.30 
0.50 

I OLD 12 
10PL12 

0.45 
0.45 

30F5 0.70 
30FL14 1.00 

AC/PEN(7) 
1.20 

EAF801 
EB34 

075 
0.30 

EFI84 
EF804 

036 
1.75 

6AQ8 0.39 656 0.35 10P13 0.80 30E1 0.39 AC/TH I 1.00 EB9I 0.17 EH90 0.45 
6AR5 0.80 6J7G 0.35 I0P14 2.50 302.15 0.75 AL60 1.20 EBC41 075 EK90 0.40 
6AS7 1.00 617M 0.65 10P16 0.43 301.17 0.70 ARP3 0.60 EBCeI 045 E1.32 060 
6AT6 0.50 61U8A 0.80 12A6 0.65 30F4MR 0.98 ATP4 030 EBC90 0.50 EL34 0.90 
SAL/6 0.40 6K7G 0.35 12AC6 0.80 30P12 0.74 AZI 0.50 EBC91 0.50 EL35 3.00 
6AV6 0.50 6K8G 0.50 12A06 090 30P19, AZ3I 0.60 EBF80 0.40 E137 3.00 
6AW8A 0.84 6K8GT 055 I2AE6 0.80 30P4 0.90 AZ41 0.50 EBF83 0.45 EL41 0.57 
6AX4 0.75 6L1 2.50 12AT6 0.45 30P16 037 B36 075 EBF89 0.40 EL81 0.65 
6B8G 0.35 6L6GC 0.70 I2AT7 0.34 30PI8 0.50 8719 0.39 EBL21 2.80 F1J43 070 

E1.84 0.34 
EL86 060 
EL90 0.47 
ELM 0.67 
EL360 1.80 
EL506 120 
EM80 0.55 
EMS! 060 
EM83 0.60 
EM84 0.45 
EM85 ISO 
EM87 1.10 
EMM803 250 
EY51 0.45 
EY8I 0.45 
EY83 0.60 
EY84 1.20 
EY86/7 0.37 
EY88 055 
EY9I 0.50 
E235 045 
EZ40 0.52 
EZ41 0.52 
EZ80 0.32 
EZ81 0.32 
EZ90 045 
FC9 1.00 
FW4/500 LSO 
FW4/800 ILO 
GY501 0.85 
GZ30 0.48 
GZ32 0.60 
GZ33 1.80 
GZ34 0.75 
GZ37 1.10 
HABC80 680 
HLI3C 0.60 
HL23 0.70 
HL23DD 0.68 
HL41 1.00 
HIAIDD ILO 
HIA2DD ILO 
HN309 1.70 
HVR2 1.00 
IIVR2A 1.00 
KT2 0.90 
KTB 3.00 
KT41 1.00 
KT44 1.00 
KT63 0.60 
KT66 3.00 
KT71 1.00 
KT81 2.00 
KT88 6.75 
KTW61 1.50 
KTW62 1.50 

KTW63 1.20 
L63 0.50 
LNI19 0.45 
LN152 0.45 
LN309 0.49 
LZ319 0.40 
LZ329 0.40 
M8162 1.00 
MHL4 1.00 
MHLD6 0.99 
MKT9 1.20 
MU12/14 1.15 
N308 0.98 
19339 1.25 
N379 0.50 
P61 0.60 
PABC80 0.45 
PC86 0.62 
PC88 0.62 

PC92 0.50. 
PC95 0.70 
PC97 Q39 
PC900 040 
PCC84 039 
PCC85 0.47 
PCC88 0.61 
PCC89 0.49 
PCC189 0.52 
PCC805 0.75 
PCC806 0.70 
PCF80 040 
PCF82 Q45 
PCF84 0.70 
PCF86 057 
PCF87 0.77 
PCF200 1.20 
PCF201 1.00 
PCF800 0.77 
PC F801 0.49 
PCF802 0.59 
PCF805 1.00 
PCF806 0.53 
PCF808 1.00 
PCH200 1.00 
PCL82 0.40 
PCL83. 0.49 
PCL84 0.46 
PCL86 0.54 
PCL88 1.29 
PCL500 1.00 
PCL805/85 

0.60 
PEN4DD 200 
PEN25 1.00 
PEN45 1.00 
PEN45DD 150 
PEN46 0.60 
PEN453DD 

2.00 
PENA4 1.00 
PENDD/ 
4020 1.00 
PF1200 0.70 
P1.33 0.50 
PI-36 0.60 
PLOT 049 
PL6IA 0.53 
P1.82 0.37 
PL83 0.45 
PL84 050 
PL302 090 
PL509/500 

0.90 
PL505 1.55 
PL508 1.00 
PL509 1.55 
PL801 0.74 
PM84 0.75 
PY3I 0.50 
PY3:3/2 0.50 
PY80 0.50 
PY81 0.40 
PY82 0.40 
PY03 044 
PY88 040 
PY301 0.50 

PY500 1.20 
PY500A 1.20 
PY800 0.40 
PY801 0.40 
PZ30 050 
QP21 1.10 
QQV03/ 10 

2.00 
Q575/20 1.00 
QS95/10 1.00 
Q5150/15 1.80 
QV03 72 1.65 
QV06/20350 
R I I 1.00 
R 1 2.00 
R17 1.00 
R18. 1.20 
R19 0.75 
R20 0.60 
R52 0.48 
RK34 1.00 
SP4 1.50 
SPI3C 0.75 
TH 4B 1.00 
TH233 1.00 
TP2620 1.00 
TP22 1.00 
TP25 1.00 
UABC80 045 
UAF42 0.70 
UBC41 0.50 
UBC81 055 
UBF80 0.50 
UBF89 0.39 
UBL2I 2.00 
UC92 0.50 
UCC84 0.90 
UCC85 0.45 
UCF80 0.80 
UCH21 2.00 
UCH42 0.71 
UCH81 0.45 
UCL82 045 
UCL83 057 
UF4I 0.70 
UF42 0.80 
UF80 0.40 
UF85 0.50 
UF89 045 
UL4I 0.70 
UL46 0.70 
UL84 0.43 
UM80 0.60 
URIC 1.00 
UU5 1.15 
UU9 0.52 
UUI2 0.32 
UY4I 0.50 
UY42 050 
UY85 0.35 
U10 1.00 
U12,14 1.15 
U16 1.00 
U17 1.00 
UI8.20 1.80 
U19 4.00 
1)22 0.85 

U25 0.71 
UN 0.60 
USI 0.50 
U33 1.75 
1335 1.75 
U37 2.00 
U45 1.20 
U47 0,71 
U49 0.60 
U50 0.55 
U52 0.60 
U76 0.70 
U78 0.45 
U81 0.60 
U153 0.40 
U191 0.50 
U192 0.40 
U193 0.40 
U251 1.00 
U281 0.75 
U282 0.70 
U291 0.50 
U301 0.55 
L'329 1.00 
U339 0,50 
U381 0,35 
U403 0.90 
U404 0.75 
U709 0,32 
U801 0.80 
U4020 0.75 
VLS492 9.50 
VP2 1.50 
VP4(5) 2.00 
VPI3C 0.60 
VP23 0.65 
VP41 0,90 
VR105 0.50 
VT6IA 0.75 
VUI11 1.00 
VU120 1.00 
VU120A 1.00 
VU133 1.00 
W76 0.50 
W81M 1.20 
W107 0.75 
W 719 036 
W729 1.20 
WD709 0.40 
XE3 0.60 
XFYI2 0.60 
XH15 0.60 
XSG15 1.20 
X41 1.00 
X61 1.60 
X63 1.40 
X65 1.60 
X66 1.60 
X76M 075 
X119 0.45 
X142 0.71 
X150 0.71 
X719 0.35 
Z145 0.67 
LI52 0.29 
Z329 ' 0.70 
Z719 0.29 

2729 0.45 
Z749 0,65 
Z759 5.65 

Transistors 
and Diodes 
1N1124A 0.61 
IN4744A 0.16 
IN4952 058 
214404 0.21 
2N966 0.61 
2N1756 0.58 
2N2I47 0.99 
2N2297 0.26 
2N2369 0.16 
2N2613 0.45 
2N3053 0.38 
2713121 2.90 
2513703 0.23 
2N3709 0.23 
2N3866 1.16 
2N3988 0.58 
2S323 0.58 
AAI19 0.18 
AA120 0.18 
AAI29 0.18 
AAZI:3 0.21 
AC I07 0.18 
ACI13 0.30 
AC114 0.47 
AC126 0.14 
AC127 0.20 
AC128 0.23 
ACI32 0.23 
AC154 0.30 
ACI56 0.23 
ACI57 0.30 
AC165 0.30 
AC166 0.30 
AC167 0.69 
AC'168 0.44 
AC169 038 
AC176 0.64 
AC177 0.32 
ACY17 0.30 
ACY18 0.23 
ACYI9 0.23 
ACY20 0.21 
ACY21 0.23 
ACY22 0.18 
ACY28 0.21 
AD140 0.42 
AD149 0.58 
ADI61 053 
ADI62 0.53 
AF102 1.04 
AFI06 0.58 
AFI14 0.30 

AF115 0.30 
AFI17 0.23 
AFI21 0.35 
AFI24 0.36 
AFI25 0.50 
AF139 0.76 
AF178 0.79 
AFI80 0.56 
AFI86 0.64 
AF239 0.44 
ASY27 0.50 
ASY28 0.38 
ASY29 058 
BA102 0.53 
BA115 0.16 
BA116 0.21 
BA129 0.14 
BA130 0.12 
BA153 0.18 
BCY10 0.53 
BCY12 0.58 
BCY33 023 
BCY34 026 
BCY38 0.26 
BC107 0.14 
BCI08 0.14 
BC109 0.14 
BC1I3 0.30 
BC! 15 0.18 
BC 116 0.30 
BC118 0.26 
8E154 0.30 
13E158 0.21 
8E159 0.30 
8E163 0.23 
BF173 0.44 
BFI80 0.35 
8E181 0.47 
BFI85 0.47 
BFY50 0.26 
BFY51 0.23 
BFYS2 0.23 
BTX34, 400 

2.31 
BYIW 0.21 
BY101 0.18 
BYI05 0.21 
BYII4 0.21 
BY126 0.18 
BY127 0.21 
BYY2:3 1.16 
BYZIO 0.30 
BYZII 0.30 
BYZI2 0,30 
BYZI3 0.30 
BYZ15 2.03 
CG12E 0.23 
CG64H 0.23 
FSYIIA 026 

FSY41A 0.26 
GEM 0.38 
GD5 0.32 
GM 0.32 
GD8 023 
GD9 0.23 
GDII 0.23 
GD12 0,23 
GD14 0.58 
GD15 047 
0016 0.23 
GET113 023 
GET118 0.23 
GET119 0.30 
GET573 0.44 
GET587 0.50 
GET872 1.11 
G ET873 0.18 
GET882 0.58 
GET887 0.26 
GET889 0.26 
GET8% 0.26 
GET897 0.26 
GET898 0.26 
GEX113 0.21 
G5:X35 0.26 
GEX36 0.58 
GEX45 0.38 
GEX55 0.87 
GT:f 0.30 
M I 0.18 
MATI00 0.45 
MATI01 050 
MATI20 0.45 
0A9 0.14 
0A47 0.12 
0A70 0.18 
0A73 0.18 
0A79 0.11 
OASI 0.11 
(>A85 0.11 
OA86 0.23 
OA90 0.14 
OA91 0.11 
DA95 0.11 
()A200 011 
OA202 0.12 
OC19 1.46 
()C'22 0.44 
OC23 0.44 
0C24 0.44 
O('25 0.44 
0C28 0.69 
OC29 0.73 
OC3O 0.50 
OC38 0.50 
0C41 0.58 
OC42 0.73 
(X:43 1.37 

0C44 0.12 
0C45 0.13 
OC46 0.18 
OC'65 1.31 
OC70 0.14 
OC71 0.13 
OC7_ 0.13 
0074 0.26 
(IC75 0.13 
OC76 0.18 
0077 0.32 
0078 0.18 
OC78D 018 
()C'79 0.47 
(IC81 0.13 
OC81D 0.13 
OC62 0.13 
OC82D 0.13 
O(:03 0.23 
OC84 0.28 
0C123 0.26 
ÚC139 0.50 
CX'140 1.11 
OC169 0.50 
(IC172 0.41 
O(:200 0.55 
OC201 0.53 
OC203 1.00 
(K'204 0.50 
OC20.5 0.50 
OC206 1.05 
00412 0.47 
ORPI2 0.61 
5E7237 0.50 
SM 1036 0.58 
ST1276 058 
SRI E 0.21 
UI4706 0.30 
XZ:iO 0.30 
Y543 0.21 
Y728 0.21 

ALL 

PRICES 
INCLUDE 

V.A.T. 
NOTHING 

EXTRA 
TO 

PAY 

MATCHED TRANSISTOR SETS 
LPI5(AC113,ACI54. AC157 AA120).OIppe pack. 
I/ ÚC81 D and 2 'OC81. 50p. 
I '0044 and 2/0C45. 50p. 
10082D and 2/0082. 56p. Set of 3:'0CS3. 76p. 
1 Watt Zenners. 2.4v. 2.7v. 3v. 3.6v. 4.3v. 4.7v, 5.1v, 13, 15v, 
16v, IOv, 20v. 24v. 30v, 12p each. 

All goods a e unused and ubject to the manufacturers guarantee. 
Terms of business. Cash or cheque with order. Despatch charges, - Orders below CIO in value. add 
25p forpos and packing. Orders over C lO post and packing free of charge. All orderscleared same day. 
Any parcel insured agains damage in transit for 5p extra per parcel. Conditions of sale available on 
request. Many others in stock too numerous to list. Please enclose S.A.E for reply to any enquiries. 

Special offer of EF50 valves. soiled but new and tested. El each. 

i 1111111111111111111111111111111111111111111111111111111111111111 
:MUIRHEAD D -658 18" MUFAX CHART TRANSMITTERS (Model GA). 
:Further details on request. For 110/250v a.c. operation E325.00 

MEGGER (Record): 500 volts £20.00 £1.00 post 
:MEGGER (Evershed Vlgnoles): 250 volts £17.50 £1.00 post : R216 Receiver MANUAL (photostat copy): £1.50 inc. post 
:RACAL I.S.B. ADAPTOR RA -95A: E65. Ca_ rr. £2. 
rMUIRHLAL) ATTENUATORS: 75 ohms 0 -8 Mc /s 3V MAK 3 ranges 0 -5, 0 -25, 

0-50 DB E3.00 + 75p post. 
CREED MODEL 75 TELEPRINTER: Receiver only £30.00. Carr. £3. 
EDDYSTONE TELEPRINTER ADAPTOR TYPE 937: £45. Carr. £1. 
WILD BARFIELD ELECTRIC FURNACE MODEL CCI.22X: With ether 
indicating temperature controllers Model 990. 0 -1400° C. E250.Carr. £5. 
CAPACITOR: lOmfd 20Kv working. £35.00 each. Cam, £5.00 
POWER UNIT TYPE 234: 200- 250va.c. input, 250- 0 -250v d.c. @ 100mA and 6.3v 
@ 4 amps output. £7.50 each. Cam. £200. 

REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supply 
200 -250V a.c. Polarised relay type 3SEITR. 80 -QV 25mA, Two stabilised valves 
CV 286. Centre Zero Meter 10-0-10? Size Bin. x Bin. x Bin. New condition. £10: 
Carr. 75p. 
SOLARTRON PULSE GENERATOR TYPE (;iiul -2: £75.00 each. Carr. E2.00. 
TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per 
min. second hand cond. (excellent order) no parts broken:£2O each. Carriage £3. 
AUTO TRANSFORMER: 230V Mc/s, 1000 watts. Mounted in strong steel case 
5" x 61fá' x 7 ". Bitumen impregnated. £12.00. Carr. £1.50. 
CRYSTAL TEST SET TYPE 193: used for checking crystals in freq. range 
3000- 10,000KHz. Mains 230V 50Hz. Measures crystal current under oscillatory 
conditions and the equivalent resistance. Crystal freq. can be tested in 
conjunction with a freq. meter. £25. Carr. - £1.50. 
SOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0 -500 volts at 400 1nA and 
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. E18.50. Carr. £1.50. 
CATHODE RAY TUBES. 5" screen, type CV -1536. E4.00 + £1.00 post. Type 
95J20 square face 5" x 3" £7.50 + E1.00 post. 
ADVANCE A.F. SIGNAL GENERATORS HI: Sinesoidal or square wave 
output. 15- 50kHz. Adjustable level between 200 uy and 20v. Overall distortion 
less than 1%. Output adjustable 1.4mV -140v. Waveform ratio 50:50 up to 25kHz. 
Standard a.c. mains Input Secondhand condition. £25.00. Carr. £2.00. 
POWER UNIT: 110/230v. a.c. input, 28v. d.c. @ 40 amps output. E30.00. Carr. 
£3.00. 
SMOOTHING UNIT: (for the above Power unit) £10.00. Carr. £2.00. 
CLASS 'D' WAVEMETER NÓ.1: Crystal controlled heterodyne frequency 
meter covering 2 -8 MHz. Power supply 6V d.c. Good secondhand condition. 
E8.50. Carr. £1.50. 

All U.K. orders subject to Value Added Tax 

IIlfih111111111111111111111111111111111111111111I11111111111111111L 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -15MHz in 5 ranges.l'' 
Variable time delay microseconds 0 -0,1c, 115V input. £55 each. Carr. £1. 
RING TOROIDAL DUST CORES: Size 21/2" outside 1?u inside 5/ 16" thick. Box of 
two £1.00. Post 30p. 
MUIRHEAD PHASEMETER TYPE D729: A.M. E95.00. Carr. £3.00.- 
CT.420 SIGNAL GENERATOR: 200- 8000c /s Variable tuning. Two fixed 
frequencies 9000 and 10,000. Internal calibrator 100 & 500 c /s. E75 each carr. £2. 
NOISE GENERATOR TF -1106: Frequency 1 to 200 Mc /s Direct noise factor 
calibration. Output impedance 70 ohms E65 each. Carr. £1.50. 
MW -59 UN_ IVERSAL KLYSTRON POWER SUPPLY: £85. Carr. E3. 
TF- 1278/I TRAVELLING TUBE WAVE AMPLIFIER: E125. Carr. £2. m 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges_ E30. Carr. £1. m 
CAWKELL REMSCOPE TYPE 741 : Memory scope, 'as new' cond. £150.00. 
MANSON' SYNTHESISER Q115 -URC: 2 -30 me /s. £175.00. 
FIREPROOF TELEPHONES: E25.00 each, carr. £1.50. m 
BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anode' 
7.9mA. Mnfr. Watkins & Johnson. £85 each. Carr. £1. 
X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James Scott. 
£125 each.Carr. £1. 
ROTARY INVERTERS: TYPE PE.218E - input 29 -28V d.c., 80 Amps. 4,800 rpm. 
Output 115V a.c. 13 Amp 400 c /s. 1Ph. P.F.9. E20.00 each. Carr. £2.50. 
FREQUENCY METER BC -221: 125 -20,000 Kc /s complete wen original 
calibration charts. Checked out, working order. £21.00 + £1.50 carr. 

RECTIFIER UNIT: 200 -250v a.c. input, 24v d.c. @ 26 amps output continuous - 
rating. E35.00 each. Carr. £5.00. 
EVERSHED SAFETY OHM. METER: Max 10Ma. Test pressure 30v. Complete 
in leather case. £25.00 each, post £1.00. m 
AUTOMATIC VOLTAGE STABILIZERS: Input 207 -242v a.c. Output 230v a c. 
at 2.80 amps. E17.50, carriage £1.50. 
AVO TRANSISTOR ANALYSER CT.446: £35.00. Carr. E2.00. 
HEWLETT PACKARD PULSE GENERATOR Type 215A; 1kHz -1mHz Pulse 
width 0 -110 Nsecs. Attenuator 0.12db. E75.00. Carr. £2.00. 
ADVANCE TCD.40 FREQUENCY DIVIDER: 0- 40mHz. E10.00 each. Post E1.00. 
MARCONI FREQUENCY METER 1026/4: 2000- 4000mHz 'as new' condition. 
E30.00, or secondhand E22.50. 
1026/2: 0-100 mHz £30.00 'as new', or s /hand E22.50. Carriage for all types £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 m 
finding equipment. Approx. weight 3cwt. £95.00 each, carriage rates on request. 
With rotating Antenna suitable for 200 -400 mHz, £15.00 extra. 
BURGLAR ALARM BELL: 6 -8v. d.c. £3.00, £1.00 post. 

Carriage quotes given are for 50 -mile radius of Herts. 

MN 

IMI 

Visit our new shop in Ware High Street 
(old A10) opposite Church. 100s of 
individual bargains for 

above 
callers. If you wish t T ILLS 3 & 3a BALDOCK STREET, WARE, HERTS. SG 12 9DT -- to collect any of the above items please W 

telephone 
rne 

for to ceiling to avoid WALE 66312 (STD 0920) disappointment. 
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20x20 Watt STEREO AMPLIFIER 
Superb Viscount IV unit in teak -finished cabinet. Black fascia with aluminium 
rotary controls and pushbuttons, red mains indicator and stereo jack socket. 
Function switch for mic, magnetic and crystal pick -ups, tape, tuner, and 
auxiliary. Rear panel features two mains outlets, DIN speaker and input sockets, 
plus fuse. 20 +20 watts rms, 40 +40 watts a ak. 

HOW YOU CAN SAVE 
SYSTEM 1B 
For only £80, you get the 20 +20 watt 

Viscount IV amplifier; a pair of our 12 -watt- 
rms Duo Type Ilb matched speakers; a BSR 

MP 60 type deck complete 
with magnetic cartridge, 
de luxe plinth and cover. + p 5 p £6.50 

99 

£2990 p £2.10 

SYSTEM 2 
Comprising our 20 +20 watt Viscdunt IV 

amplifier; a pair of our large Duo Type III 

matching speakers which handle 20 watts 
rms each; and a BSR MP 60 type deck with 
magnetic cartridge, 
de luxe plinth and cover. 

Carriage surcharge to Scotland: System lb £2.50, System 2 £5 

£9200 
8 p C' 

30 AMPLIFIER KIT 
,Specially designed by RT -VC for the 

experience 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. 
Black fascia and easy -to- handle 
aluminium knobs. £2900 
Output 30 +30 watts L 
rms, 60 +60 peak. + p a p £2.10 

SPEAKERS Twc models- Duo Ilb, 

teak veneer, 12 watts rms,24 watts peak, 
18'4"x 13'a "x 7'e "approx. 

+p8p.£6.50 
PER PAIR £34 

Duo III 20 watts 
rms, 40 watts peak, 
27"x 13"x11%" 

APPROX. 

£48 
+p8p. 
£7.50 

PER PAIR 

TURNTABLE Popular BSR MP 
60 type, complete 

with magnetic cartridge, diamond 
stylus, and de luxe plinth and cover. 

£2400 
+P5p£350 

STEREO CASSETTE DECK KIT 
Again, this kit is specially designed 

for the experienced constructor - for 

mounting into his own cabinet. 

Features include solenoid -assisted 

AUTO -STOP, 3 -digit counter, 

record /replay PC board, mains 

transformer and input and output £3250 
controls. AC BIAS AND ERASE. + p a p £1.50 

DELUXE ACCESSORY KIT 
Comprises of a matched pair of dynamic miss. 

and two replacement slider level controls. 

£3.95 +p8p £1.00 

PAP FREE WHEN 
PURCHASED 
TOGETHER 

DIY STEREO 

SYSTEM 
COMPLETE WITH SPEAKERS 
Here's real value in DIY! Comprises ready -built 
amplifier module, 3 -speed Garrard auto -return 
deck, and teak -veneer simulate 

£2695 cabinets with clear plastic top. 
Easily built by hobbyists. p & r 44 05 

N1N 
C 20,20WATTS 

STEREO AMPLIFIER KIT 
WITH PZ 20 POWER UNIT 
FANTASTIC SAVING. A build it- yourself stereo 
power amplifier with latest integrated circuitry, 
low RMS per channel output, full short- circuit 
and overheat protection. 
LISTf14.50 OUR PRICE 24.95 p +p £1 

TOURIST IV PUSH- 
BUTTON CAR RADIO KIT 
MOTOR TOP 10 AWARD) 

Compietr with speaker. battle 
and fixing strips. The Tourist IV - 
tor the experienced constructor 
only. 
The Tourist IV has five push buhona. tour 
medium band end ose for long wave 

band. 

Thu Iuninp scale is Illumlealed and 

attractive spun aluminium control knobs 
are used for manual tiring and volume 
control. 

The modern style facia has bue 
designed to blend with moat car illanura 
and the ?Wished radii will slot Into a 

standard car radio aperture. Size: 

approx. 7" x 2" s 4'4 ". 

Power Supply: Nominal 12 volta positive 

or negative earth (altered internally). 
Power output: 4 watts isle 4 ohms. 

£10.50 + pap E1.50 

35 -WATT DISCO AMP 
Here's the mono unit you need to 

start off with. Gives you a good 
solid 35 watts rms, 70 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 cgntrols and 
master volume. £2750 +psp. L £150 

70 and 100 WATT DISCO AMPLIFIERS 
Brilliantly styled or easy disco performance) Slop ng fascia, su that you can use the controls without fuss 

or bother Brushed aluminium fascia and rotary controls Five smooth -acting vertically mounted slide contri 

master volume. tape level, mic level, deck level, 

PLUS INTER DECK FADER for perfect 

graduated change Irom record 

deck No 1 to No 2. or vice 

49oo versa Pre-lade level control 

(BEL) lets YOU hear next disc Y p a p £3.00 
before lading it in VU meter 

monitors output level 70 

watts rms, 140 watts peak 

output All the big features as 

on the 70 watt disco £6500 
amplifier, hut with a massive 

100 warts rms. 200 watts p a o. £400 
peal output power 

PORTABLE DISCO CONSOLE 
with built -in pre -amplifiers 
Here's the big -value pórtable 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. Simply 
connects into your existing + p s r ce 50 

slave or external amplifier. 

£5500 

ELECTROLYTIC CAPACITORS AT 
BARGAIN PRICES 
NI brand new from reputable international manufacturers 
PACK 1. Containing 30 mixed Electrolytic vahhes from 

4.7 mid to 47 mid. Minimum 16 volt working. 
55p + 20p pap. 
PACK 2. Containing 17 mixed Electrolytic valves from 

110 mfd to 2200 mid. Minimum 16 volt working. Majority 
40 volt working. 

751) + 20e pap 

EASY -TO- BUILD, WITH ENCLOSURE 
Specially designed by RT -VC for cost -conscious 
hi -fi enthusiasts, these kits incorporate two 

teak -simulate enclosures, two EMI 13" X 8" 
(approx.) woofers, two 3'/4" (approx.) tweeters and 

a pair of matching crossovers. Easily constructed, 
using a few basic tools. Supplied complete with 
an easy -to- follow circuit diagram, and crossover 
components. Input 15 watts rms, 30 watts peak, 

each unit. Cabinet size i£ 50 + P & p 
20'x 11" X 9'/2 "(approx). 

PAIR 
£550 

15 -WATT KIT YVv TTti 
IN CHASSIS FORM D0BE 
When you are looking for a good speaker, 
why not build your own from this kit. It's 
the unit which we supply with the above 
enclosures. Size 13" x 8" (approx.) EMI 

woofer, 31/4" (approx.) tweeter, and 
matching crossover. £ 1 50 + o 

a p 

Power handling capacity £1.50 

15 watts rms, 3D watts peak. PER SET 

DECCA 20 WATTS STEREO SPEAKER 

Dÿ` 

SpEAKERK/lS 

'COMPACT' 
FOR TOP VALUE 

How about this for incredible 
bookshelf value from RT -VC! A pair of 

high efficiency units for only £7.50 
just what you need for low -power 

amplifiers. The infinite baffle 
enclosures come to you ready mitred 

and professionally finished. Each 

cabinet measures 12" x 9" x 5" 
(approx.) deep. and is finished in 

rosewood. Complete with two 8" 
(approx.) speakers for max. power 

handling of 7 watts. 
£750 
p £tp £1.70 
per pair 

. , d iaPle. as only Dec a snow iww. 1E1111 tu a spenflcatmn. 
Ilei down to a price 

The kit comprises of two 8" diameter approx base drive uni with heau,' die cast chassis lannnated 

cones with rolled P V C surrounds of two 3' diameter approx Two domed tweeters complete with 

crossover networks 
Our pot u per stereo pair £30.00 - nn P S P 

ALL PRICES INC. VAT 
AT CURRENT RATES 
GOODS NOT DESPATCHED OUT. UTSIDE UK 
All items subject to availability. 
Price correct at 1st November 1976 and 
subject to change without notice. 

We are unable to show all our products, 
so please send S.A.E. for our fully 

descriptive catalogue and any further 
information. 

21E HIGH STREET, ACTON, LONDON W3 
323 EDGWARE ROAD, LONDON W2 
Personal Shoppers EDGWARE ROAD: 9 a.m.- 5.30p.m. 
Hall day Thurs. 
ACTON: 9.30a in -5p or Closed ali day Wed íì half day Sur 

Minimum order on 
Access and 
Barclaycards EIS 

DO NOT SEND CARD 
Just write your order grwng 
your credal card number 
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VALVES 
A1065 1.25 
AR8 0-60 
ARP3 0.60 
ATP4 0.50 
B12H 3.00 
DAF96 0.50 
DF96 0.60 
DK96 0.75 
DL92 0.50 
DL96 0.70 
DV86/87 0.45 
DY802 0.45 
E88CC/011.30 
E180CC 1.00 

E182CC 3.00 
EA50 0.40 
EABC80 0.40 
EAF42 0.70 
EB91 0.30 
EBC33 1.00 
EBC41 0.75 
EBF80 0.40 
EBF83 0.45 
EBF89 0.40 
EC52 040 
ECC81 0.45 
ECC82 0.35 
ECC83 0.35 
ECC84 0.35 
ECC85 0.45 
ECC86 1.25 
ECC88 0.55 
ECCI89 0.30 
ECF80 0.45 
ECF82 0.45 
ECF801 0.75 
ECH42 0.85 
ECH81 0.40 
ECH84 0.60 
ECL80 0.80 
ECL82 0.40 
ECL83 0.75 
ECL86 0.60 
EF36 0.65 

EF37A 1.10 
EF40 0.70 
EF41 0.75 
EF80 0.36 
EF83 1.26 
EF85 0.40 
EF86 0.40 
EF89 0.35 
EF91 0.60 
EF92 0.50 
EF95 0.45 
EF183 0.40 
EF184 0.40 
EFL200 0.75 
EL34 0.70 
EL35 0.70 
EL37 2.20 
EL41 0.50 
EL81 0.80 
EL84 0.35 
E185 0.60 
EL86 0.50 
E490 0.50 
EL91 1.00 
EL95 0.70 
EL504 0.80 
EL821 1.60 
EM31 0.70 
EM80 0.55 
EM81 060 
EM84 0.40 
EM87 1.00 
EY51 0.45 
EV81 0.45 
EY86/87 0.45 
E088 0.50 
EZ40 0.70 
E241 0.75 
EZ80 0.30 
EZ81 0.35 
GT1C 5.00 
GY501 0.80 
GZ32 0.85 
GZ34 0.80 

GZ37 
KT66 
KTBB 
MH4 
MI6 
0A2 
082 
PABC80 
PC86 
PC88 
PC900 
PCC84 
PCC89 
PCC189 
PCF80 
PCF82 
PCF84 
PCF86 
PCF200 
PCF201 
PCF801 
PCF802 
PCF8O6 
PCH200 
PCL81 
PCL82 

1.00 
3.00 
4.50 
1.00 
0.75 
0.45 
0.45 
0.40 
0.85 
0.65 
0.55 
0.45 
0.80 
0.65 
0.40 
040 
0.85 
0.65 
0.90 
0.90 
0.55 
0.55 
0.80 
0.50 
0.60 
0.40 

PCL83 0.70 
PCL84 0.50 
PCL86 0.60 
PCL805/85 

0.60 
PFL200 0.70 
PL36 0.60 
PL81 0.55 
PL82 0.50 
P183 0.50 
PL84 0.50 
PL504 0.85 
PL508 0.95 
P1509 1.35 
P1802 1.85 
PY33 0.60, 

A lot of these elves are imported nd prices vary 
for each ry, SO we 

r 
the right to 

change potes or new stock when unavo,dahle 

PLUMBICON TUBES TYPE XO 1071 Mullard £150.00 
PY80 0.60 U27 1.00 UF85 0.50 1R5 0.50 5Y3GT 0.60 6AT6 0.60 
P0/81/800 U191 0.75 ÚF89 0.50 154 0.35 5Z3 1.20 6AÚ6 0.40 

0.50 U801 0.80 UL41 0.70 1S5 0.35 5Z4G 0.60 SAVE 0.50 
PY82 0.45 UABC80 0.45 U184 0.50 174 0.35 5Z4GT 0.65 6AX4GT 0.75 
PY83 0.50 UAF42 0.70 UY41 0.50 1X28 0.76 6AB7 0.60 6AX5GT 1.00 
PY88 0.50 UBC41 0.60 UY85 0.50 2D21 0.50 6AC7 0.60 687 0.70 
P0500 1.10 UBF80 0.50 VR105/30 2K25 9.00 6496 0.70 61356 0.40 
PY801 0.55 UBF89 0.50 0.45 3A4 0.60 6AK5 0.45 68E6 0.40 
0QV03- 101.70 U8L1 1.00 VR150 /30 306 0.40 6AK8 0.40 68G6G 1.00 
Q0V06 -40A UBL21 0.75 0.45 . 3E29 5.50 6415 0.30 68J6 0.75 

14.00 UCC85 0.50 X61M 1.50 3S4 0.50 6AL5W 0.60 6BQ7A 0.60 
01/03.12 1.70 UCF80 0.80 X66 0.75 3V4 0.85' SAMS 1.00 68117 1.30 
SCI /400 3.80 UCH42 0.80 Z759 4.50 58/254M 5.00 SAME 0.60 68W6 1.10 
SC1 /600 5.50 UCH81 0.50 28000 3.00 58/255M 5.00 64N8 0.70 
SP61 0.80 UC182 0.45 Z801U 3.00 58/258M 5.50 6AQ5 0.55 
TT21 6.00 UCL83 0.70 Z9007 1.50 5R4GY 1.00 6A05W 0.70 
1)25 1.00 UF41 0.70 1A3 0.55 51)40 0.55 SASS 0.80 
1126 0.80 ÚF80 0.40 114 0.30 5V4G 0.65 6AS7G 1 00 

VIDECON TUBE TYPE P 863 B English Electric £20.00 

TRAN 
A4212-BAV10 
AC113 
AC126 
AC127 
AC128 
AC176 
ACY17 
AÇY18 
ACV19 
ACY20 
ACY39 
ACY40 
AD149 
ADt61 
AD162 
ADZ11 
ADZ12 
AF114 
AF115 
AF116 

AF117 
AF118 
AF124 
AF125 
AF126 
AF127 
AF139 
AF178 

S I STO R S 121/2 Dao Mass add VAT 1 21/2 DAD for valves, etc. 
Please write or phone for current price of any of the transistors , 

AF186 
AF239 
AFZ12 
ASY26 
ASY27 
ASY28 
BC107 
BC108 
BC109 
BC113 
BC116 
BC118 
BC136 
BC137 
8C148A 
BC172 
BC172A 
BC212A 
BCY31 
BCY33 

BCY72 
8E115 
8E167 
6E173 
8E185 
BFY51 
8E052 
BSY27 
BSY38 
BSY95A 
BY100 
BYZ16 
CRS1/20 
CRS1 /30 
CRS3/10 
CRS3/20 
CRS3/3qq 
CRS3/4R 
CRS25/025 
GET115 

6E1116 
GEX66 
NKT222 
NKT304 
NKT404 
045 
0A47 
OP70 
OA71 
0A73 
0479 
0A91 
0A200 
0A202 
OAZ200 
0022 
0025 
0C26 
0C28 
0C29 

VALVES AND TRANSISTORS 
Telephone enqu ries for valves. transistors. etc 
retail 749 3934 vade and expos 743 0899 

0C35 
0036 
0C42 
0C44 
0C45 
0070 
0073 
0075 
0078 
0078D 
0081 
0082 
0C82DM 
0083 
00838 
00139 
00140 
00170 
00172 
00200 

00204 
00206 
ZR11 
ZR21 
ZR22 
2N456A 
2N525 
2N696 
2N708 
2N918 
2N1305 
2N1307 
2N1309 
2N2062 
292411 
292989 
293053 
293054 
293055 
293391 

Ui1lcrra UV STOCK rit 
c 

inte- 
grated circuits. CRT & special 
elves. Min. Mail Order £l. UK 

POSTAGE £t -£2 20p, (2 -£3 
30p, £3 -£5 40p. Over L5 free. 
Casual callers welcome. 

PLEASE SEND STAMP WITH ENQUIRIES 

2N3638A 
2N3730 
2N3819 
2N4038 
2N4058 

2N4061 
2N4172 
2N5295 
3N126 
3N128 
3N154 
3N159 
5X754 
25303 
712082 
40235 
40250 
40251 
N23A 
N25 
93134 
N43 
N70 
N677 
N4148 
N4785 

68W7 1.00 
604 0.40 
6C6 0.50 
6086 0.50 
6CH6 1.60 
6CL6 0.75 
606 0.50 
SEAS 0.75 
6F7 1.10 
6F8G 0.75 
6F12 0,60 12E1 3.75 
6F17 1.00 12K5 1.50 
6F 
SF3 

7 3.50 12K7GT 0.55 

5115 
0.45 
1.25 

1258GT 0.75 
1207GT 0.50 

6J5 0.65 
6J5G7 0.55 

125Á7G7 0.80 
12567 0.55 

6J6 0.3S 
6J7 035 

125J7 0.55 

6J7G 0.40 1457 1.00 
6K6G7 0.60 1OAD5 0.70 
6K7 0.55 
6K7G 0.35 

1963 8.00 
1996 6.50 

6K8GT 0.55 
616M 1.90 

10P5 10.60 
20P3 0.60 

0.40 
6SÁ7 0.56 

20P4 1.10 

6507 0.75 
251601 0.70 

6567 0.55 
30015 1.00 

65J7 0.60 
30017 1.10 

65J7GT 0.55 
30F5 1.00 

6SK7 0.60 
30FL1 1.10 

6SL7GT 0.55 
30FL12 1.10 

6SN7GT 0.55 
30115 1.00 

6507 0.60 
30117 1.00 

6V6GT 0.60 
30P12 1.00 

6X4 0.46 
30P19 1.00 

6X56 0.40 
30PL13 1.10 

6X5GT 0.55 
301114 1.10 

6066 0.95 
351667 0.80 

6Z4 0.65 
35W4 0.56 

6/30L2 0.90 
3524 Z4GT 0.70 
5005 0.85 

787 
04 00.880 500066 1.20 

75 1.00 
0.60 7501 0.75 

906 
11E2 6.00 

78 0.70 
78 0.70 

12A6 0.80 80 0.75 
12A76 0.45 
12417 0.45 

8542 0.75 

12AU 7 0.35 
803 8.00 
805 18.00 

124X7 0.3$ 807 0.75 
12846 0.50 813 6.50 
128E6 0.55 8298 5.60 
12697 0.55 B66Á 1.60 
1208 0.80 931A 6.00 
We hold onetl the largest itiacks of valves rn the UK 

THE VALVE WITH A 
GUARANTEE 

954 0.50 
955 0.50 
956 0.50 
957 0.50 
1629 0.70 
2051 1.00 
5763 1.70 
5993 3.00 
6057 0.50 
6060 0.70 
6064 0.60 
6065 1.00 
6067 0.80 
6080 3.50 
6146 3.35 
61468 5.00 
6360 1.70 
8020 5.00 
9001 0.40 
9002 0.55 
9003 0.70 
9004 0.40 
9006 0.40 

C.R. TUBES 
DG7 -5 12.00 
DG7 -32 15.00 
DG13 -2 18.00 
M W 13 -35 

35.00 
VCRI39A 6.00 
36P1 7.00 
5FP7 6.00 
88J 9.00 
881 9.00 
CV1526 8.00 

SPECIAL 
VALVES 

CV2339 45.00 
M503 -2J4L 

60.00 
K301 7.00 
KRN2A 6.00 
725A 28.00 
TV4 -500 30.00 
2J/192140.00 
2J/52A 75.00 

- MARCONI 

e I SIGNAL 
GENERATOR 

Range. I5KHz to 
30MHz. Output 
0 4u to 4V at 13 
or 75 ohms Irope- 
dance ,th termin- 

t 

Built crystal 
ton ( pplied) p B cryt 

L s 1 

I 
- check focility with 

nçcandbogk, lading carnage 

PHILIPS AUDIO GENERATOR TYPE OM 2305. 
016kc /s Anenuator 0.0001. 0 0003, 0 001 to 1 

with output asym. & sum and matching impedance 5, 

250, 600 & 1,000 ohms Price E96.00 carriage 
t4 00 

RHODE & SCHWARZ. 
Zg DIAGRAPH TYPE ZDU 30.420MHz 500 
Directly measures multiterminel networks, 
phrase shift, phrase angle with complimentary 
POWER SIGNAL GENERATOR TYPE SMLM high 
Freq resolution, internal external mod up to 3v 
ixt 
FREQUENCY SYNTHESIZER TYPE XUA. 
3OHz -3OMHz with FREQUENCY INDICATOR 
TYPE FKM 15 -30MHZ 30.100MHz. 

HEWLETT -PACKARD 
AUDIO GENERATOR MODEL 206 -A. 
Freq. 20c to 20,000c, matching 
impedance 50, 150, 600 ohms. Price 
£85.00 carriage £4.00. 
SPECTRUM ANALYZER. Model 8551 with 
R F display section Model 851 Frequency 
coverage, 10MHz.40GHz, spectrum width 2HGz. 
Price and spec on request 
FREQUENCY CONVERTER. Model 25908 
Frequency range 0 3 to 15GHe Price and spec 
on request 
RATIO METER. Model 4168 Full specification 
on request. 
VACUUM TUBE VOLTMETER. Model 4006 
Frequency range 10Hr.4MHz Voltage range 
1 OW to 300V full scale, 12 ranges. 
PULSE GENERATOR. Model 212A. Full 
specification on request 
CALORIMETRIC POWER METER. Model 
434A Frequency range dc to 12.4GHz. power 
IOmW.10 wait. E275, packing & carriage 
65 00 

AVO NOISE GENERATOR CT 410 130 carriage 
£2 00 

RACAL RECEIVERS MODELS. RA1 7, in fully 
working and tuned condition. Prices on 
application RA98A ADAPTOR £65.00. 

KAHN SSS ADAPTOR TYPE 5555 - 82 - 15. 
Designed for receivers with 455- 50001e IF at 100mV 
(max) input Features electronic AFC carrier Iraq 
diversity to combat fading 20 sce R C memory to 
maintain tuning during severe fading Indnadual carrier 
meters. nuvishers, IOW distortion production 
demodulator E66 carriage £5 00 

HR 23 TRIPLE DIVERSITY SSS RECEIVERS. Fret 
3.275MHz. V F 0 at 6 Xtal positions Reception of 
independent single or double side band transceivers. 
Full spec on application E350 carriage £35 00 

PLEASE SEND STAMP WITH 
ENQUIRIES 

TF S01D /1 /S SIGNAL GENERATOR. Range 
10- 485MHz in 5 ranges R F output 0 1 uV -1V 
Source C M Dial calibrated in volts decibels and 
power relative to thermal noise Piston type anenuator 
500 output impedance Internal modulation at 1K Hz at 
up to 90% depth also external sine and pulse 
modulation Built in 5MHz crystal calibrator Separate 
RF end mod meters P. 0 A 

TF 1068 SIGNAL GENERATOR. Freq. 10- 470MHz 
with anenuator EMF from 501) square. -6d8 Price on 
application 

TF 8015/2. Spec as for 801D but minor circuit 
differences Few only lett E120 carriage E5 00 

GENERAL RADIO TYPE 1910A RECORDING 
WAVE ANALYSER. 20Hz to 57kHa Price and full 
specification on request 

MUIRHEAD 
PAMETRADA WAVE ANALYSER TYPE 0. 489 -0. 
Freq range 19 c /s'21 Kc /s continuously variable in 
nine ranges 19 -90 c /s. 79 -150 c /s. 139 -210 c/s (a 

t. a 10, a 100) Freq accuracy a 1 and x 10 ranges ± 
0 3 %. Input nonage for full wale deflection of meter, 
1 mV 'minimum to 300V maximum Maximum 
permissible input is 300v r m.s 
ANCILLARY EQUIPMENT: 0,25 -A LOW FREQ. 
MODULATOR. Freq range 2 c /s -20 c/s (down to 1 

c/s when analyser is used in "High Q "). Freq. accuracy 
y 0.1 c/s (providing supply fraq is first measured) 
Specification on request Price £276.00, pecking and 
carriage £4 00 

TEKTRONIX OSCILLOSCOPES MAIN 
FRAME ONLY 535A. Bandwidth DC to 15MHz 
at 3dß, depending on plug -in unit. Specification 
and price on request. 
545A. Bandwith DC to 30MHz (3dB down at 
30MHz) i '14d8, depending on plug -rn unit. 
Specification and price on request. 
551. 27MHa DUAL BEAM OSCILLOSCOPE. 
Accepts multi -trace. differential, sampling. and 
spectrum analyser plug -rn units Specification and 
price on request 
PLUG -IN UNIT TYPE CA. For single or 
duehtrace operation, each channel has its own 
input selector, anenuator. gain and polarity Price 
£65.00, packing & carriage E1 90. 

H.F. SIGNAL GENERATOR TYPE 201. Constant 
output level - within :0.5 dB - over entire frequency 
range, Freq. 30kHz to 30MHz in 7 bands. Stability 
better than 0 005 %, amplitude modulation 
continuously variable 0 -100% Maxmum R F high 
output is approx. 9V r s Price E56 P &C £4. 
MODULATION METER TYPE 210. AM /FM Frq 
range 3MHz- 300MHz in 7 ronges. Price E75. P &C £4 
LEVEL OSCILLATORS mad. by SIEMENS. 3 types 
available 1 0 3 to 1200KHz, 2 10KHe to 17MHz. 3 

0 3 to 1600KHz. Prices on request 
TF 534 DEVIATION METER. 250MHz E55 carnage 
ì300 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Price and details 
on application 

VAT FOR TEST EQUIPMENT 
8% PLEASE ADD 8% 

BEST PRICES PAID FOR TEST AND COMMUNICATION 
EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 1041 B VALVE MULTIMETER. General purpose 
measuring DC voltage from 300mV to 1,000V, AC 
voltage from 300mV to 300V at up to 1,000MHz and 
resistance up to 50OMohms Price ES9 carriage £3 00 

TF 1370 R.C. OSCILLATOR FOR SQUARE A SINE 
WAVE. Freq -.31 6V cos l OHz -1 MHz square wave. 
073 2pp, 10Hz.100KHz Attenuator range -50db to 
* 10db, impedance 75. 100, 600G E145 carriage 
£5 00 

TF 885A /1 VIDEO OSCILLATOR. 0 301(9e. 5MHz 
1 My -31 6v Eß5 carriage ì4.O0. 

TF 14005 DOUBLE PULSE GENERATOR WITH 
TM 6600 SECONDARY PULSE UNIT for testing 
radad nucleonics, scopes counters, filters, etc 

TF.465E WAVE ANALYSER. Freq range 20 c/s to 
16 kc Is. double crystal filter gives 4 c/s pass band. 
Envelope distortion test on r f inputs up to 400 Mc /s. 
£95.00, packing & carriage £6.00. 

RADIOMETER TYPE MS111 SIGNAL GENERA- 
TOR. High quality Danish production 10KHZ- 110MHe 
E200 carriage £5 00 

DIVERSITY SWITCH TYPE MA1665. Solid stete 
£45.00. 

REDIFON SSO TRANSMITTER /RECEIVER TYPE 
GR410. Full particulars and price on request 

B I. K LEVEL RECORDER TYPE 2305. 
Designed for the accurate recording of signal 
levels in the frequency range from 2He- 200kHz 
as well as for the recording of DC signals. Price on 
application 

6 a K NOISE LIMIT INDICATOR TYPE 
2212. Price and spec on request 

6 & K STATISTICAL DISTRIBUTION 
ANALYSER TYPE 4420. Price and spec on 
request 

BRIDGE IMPEDANCE No. 5. 0- 10 -1OM0 1 pF -1 uF 
1a H 1 H E88 carriage E4 00. 
CHARGING SET BSA. 15v 300w. Brand new in 
wood carrying cases. Price on application 

SOLARTRON 
DIGITAL VOLTMETER LM1426. 5 digit 6 
ranges, accuracy long term 

r 
anges 2 -6. 

0.01 %of full scale, ± 0.02% of Price 
£120.00, packing & carriage £4.00 

LM1420.28A. DC AC In addition to the dc. 
measurement facrlrties offered by the LM1420 2. 
this unit incorporates a truer rn s a c converter 
for the measurement of true r m s values of a.c. 
agnats A C rangea 10 mV -500 full scale in 15 
ranges. Accuracy (r ms ) n 0.25 of reading, 
sensitivity 10 uV Price £295.00, packing & 
carriage E4 00 

LM1420.2. Range 2 5 uV -1000 V in 6 ranges 
Accuracy i 0 05 of range, I e i 1 digit Input 
resistance 5000 M ohms Price £140.00, 
packing & carriage £4.00. 

4980. PROGRAMMABLE ATTENUATOR. 
0139d8 (1dB steps) 0 t 1200MHz. Display - 
LED Price £350.00, packing & carnage £4 00 

DIGITAL VOLTMETER LIH.1440.3. 
0-2000.0V in 5 ranges. Accuracy '0 0033% of 
full scale it 0.005% of reading. Long term 
stability is TO 006% per year POA 

TF 995A/1 or 
A/2 or A /2M or 
A5 SIGNAL 
GENERATORS. 
Very high class 
AM .FM 1 5MHz 
ta0 220MHe De- 

iled spec and 
price on applica- 
tion 

PLEASE NOTE 
Unless offered as as seen 

ALL EQUIPMENT 
ordered from us Is completely 
overhauled mechanically and elec- 

trically In our own laboratories 

BOONTON 
AM /FM SIGNAL GENERATOR. 
TYPE 202E & 2021f. 54- 216MHz 
in 2 ranges £275.00. 
SIGNAL GENERATOR TS. 
497 /URS 2 -5Mz, 13MHz, 
30MHz, 78MHz, 180MHz, 
400MHz. 0.1v -1 uv £150 carriage 
£3.00. 

CT480 SIGNAL GENERATOR. 7 KMC /S to 12 
KMC /S mod C W. F M Pulse E160 carnage E5 00 
TRIGGERED VACUUM SPARK GAP TYPE ZR 
7512. Capable of switching 15 000 locales er 45KV 
£50.00 carriage £2 00. 
LOW RESISTANCE HEADPHONES TYPE CLR 
E1.50. 40p postage. VAT 12'V,% 

ARSI D 5 LF SPARES. We hold the largest stock in 
UK. write for list 
RF METERS. 0 to 8 amps 214" (USA) brand new 
E1.50 P &P 25p 
TELEPHONE TYPE "J" tropicalised 
10 LINE MAGNETO SWITCHBOARDS 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS 
CABLE LAYING APPARATUS No 11. New 
"'Induction P 0 A 

FOR EXPORT ONLY 
RCA ET4336, 2 Mc /s- 2OMc /s. 350W also 
modified version of increased output to 700W 
Collina 2310 4/5 KW, 3 MIe-24 MHz 10 
channel Auto or manual tuning 
C13, 53 Tw.nrnitl.r 
3e end 62 Trrsacelv.r. 
Mullyd C11, high power installation (4000W) 
Rodifen SSS Tran.i.tori..d Tnnac.lwr 
GR410, 2.16 Mc /s 200/250V 4 channels 
100W p c p 

T,nhnical details and prices available on request 

COLOMOR 
ELECTRONICS 

( LTD. ) 

170 Goldhawk Rd.. London, W.12 
Tel. 01 -743 0899 

Open Monday to Friday 
9- 12.30, 1.30 -5.30 p.m. 
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RELAYS 
Wide range of AC end DC relays available from stock Phone or wide in 

your enquiries 

WHY PAY MORE ?! 
MULTI RANGE METER A C volts 2 5 -500 D C 
volts 2 5 -500 (Sensitivity 200047 /VD C. & A C ) 

D.0 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 E5.50. 
Incl. leads and battery Post 50p (Total price Inc. 
VAT & Post ES.4$.) 

VARIABLE VOLTAGE TRANSFORMERS 
Carriage extra INPUT 230 v. A.C. 50/60 

OUTPUT VARIABLE 0 /260v. A.C. 
BRAND NEW. All types. 
200W (1 Amp) fitted A, C 

volt meter El 1.50 
0.5 KVA (Max. 21/2 Amp) E11.50 
1 KVA (Max. 5 Amp) £18.00 
2 KVA (Max. 10 Amp) £30.00 
3 KVA (Mas. 15 Amp) £38.00 
4 KVA (Max. 20 Amp) E60.00 

TRIAL. Raytheon tag symmetrical Triac Type Tag 250 /500v 10 amp 
500 pus Glass passwated plastic mac. Swiss precision product for long 
term reliability £1.25. P &P top (inclusive of date and application 
sheep Suitable Diac 20p. 

LT TRANSFORMERS 
6 12 volt Igy 10 amp £6.15 Pust 70p 
10 17. 18 vonidl 10 amp £8.70 Post E100 
6. 12 volt @ 20 amp £10.90 Post EL 00 
12. 24 volt 0 10 amp. (9.90 Post E1 00 
4. 6 24. 31 volt 0 12 amp £10.30 Post £1.00 
ther types to order at short notice. Phone your enquiries 

0 to 60 MINUTES CLOCKWORK 
TIMER. 

Double pole 15 amp 230AC Contacts fitted with 2 hole liking 
mounting bracket Lever operated (no dray E1.50. P &P 30p 

AUTO TRANSFORMERS 
Step up step down 0 115 200 220 240 volts 
At 75 wail E3.00 Post 40p 150 watt E4.30 Post 50p 300 watt E6.20. 
Post 60p..500 watt £9.20 Post 75p 1000 wart £13.60 Post 90p 

HONEYWELL PUSH BUTTON PANEL MOUNTING 
SWITCH ASSEMBLY. 
Each bank comprises of a change -over rated at 
10 amp 250v A C Black knob 1" dia fixing 
hole Vs" Price one bank 40p. Two bank 50p. 
Three bank 6Op. Min order 5 pieces P &P 
50p 

230 VOLT FAN ASSEMBLY 
Continuously rated removable aluminium blades 
Price £1.25. Post 50p 
VAT 17'4%. 

MICRO 

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 115 or 230v. output. Can be used 
n series or parallel connections Fully tropicalised Length 13 5cm . width 

1 1 cm height 13 5cm weight 15lbs Special,offer price E8.00, carr 01 00 

GENTS 4" ALARM BELL. 
3 -41/2v D C Price E4.50. P &P 50p 

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 energising the reset coil 230 /240v 
A C. operation Unit is mounted on strong chassis 
Complete with cover Price E5.50. P &P 75p 

PRECISION CENTRIFUGAL 
BLOWERS (230/240vAC) 
Mfg by Smiths Industries Miniature model Ser 
SF /200 Size 95mm x 82mm Aperture 3Bmm 
31mm 12 c f m E2.75. Post 50p 
Other types available phone for details 

Mfg. by Fracmo 115/ 230v A C. 2800 /3400 r p m tan type aperture 
3" x 21/2" VBL4 25/c Mfg Airlow Control Installations Ltd Price 
E12.00. Post 14 00 

BLOWER UNIT 
200/240V a c precision German built 
Dynamically balanced quiet con rated. 

reversible 
Consuin anon 60mA Sue 

120mm die. a 60mm dap Price E3.50. 
Post 50p 

MINIATURE UNISELECTOR 
1 Tv 11 way 4 bank 13 nnn.hndging 1 homing) E2.50. P &P 35p 

UNISELECTOR SWITCH .J' f`- 
4 bank, 25 way 75 ohm coil. 36 -48v D C 
operation Ex new equipment. E4.25, P &P -zaR 75p Total price me VAT. E6.40. 

MINIATURE ROLLER MICRO SWITCH 
M switch OMRON type V15 FL 22 -1C 10 for E2.00 post 
50p (Min order 10) 
Sub -miniature Burgess type V 4T 1. 10 tor E2.50. 50 for 
£10.00, post paid 
LEVER OPERATED 20 amp c/o m/s Mfg by 
Unimak USA 10 for E4.00 plus 50p P &P (min. order 10) 

NEW HEAVY DUTY 
SOLENOID 
Mfg by Magnetic Devices 240v A C opera- 
tion approx. 20íb pull at 1 25" Price E7.00. P &P 
75p 

230 -250 VOLT A.C. SOLENOID 
Similar in appearance to illuslrahun 

Prometely 11/21b pull Site of lee( 1 yr" 1 3/16 
_ _. e. 

Price Eí.00. Post 25p 

24 VOLT D.C. SOLENOIDS 
UNIT containing 1 heavy duty solenoid approx. 25 Ib. pull at 1 in 
travel 2 solenoids of approx 1 Ib pull at Y in travel 6 solenoids of 
approx 4 oz pull at 'h in navel Plus 1 24V D C ABSOLUTE 

1 heavy duty 1 make relay Price E3.00. Post E 1 00 BARGAIN. 

240 A.C. SOLENOID OPERATED . - 

FLUID VALVE 
Rated 1 p will linniiii lip ii, I Inbp, bids i,iily 
stainless steel u and seing 'h in b 
Precision made British mfg. 
PRICE £2.75. Post 50p NEW original p 

1111111 

STROBE! STROBE! STROBE! 
HY -LIGHT STROBE Mk. IV 
Latest type Xenon white light tube Solid state timing and it triggering nrcuit 230/240 volt A C operation Speed adjustable 
1.20 f p s Designed for large rooms. halls. etc Light output * T greater than many (so called 4 Joule) strobes Price E15.40. Post * 75p * 
Specially designad case and reflector for Hy -Light £8.25. Post 

7s E1.00. * -XENON FLASH GUN TUBES * 
. Range of Xenon tubes available from - * 
A, stock S A E for full details 

' * ********************** * * ULTRA VIOLET BLACK LIGHT * FLUORESCENT TUBES * 4ft. 40 watt E6.00 (callers only) 2ft. 20 wm £4.60. Post 60p * 
(For use in stan bi-pic fittings) MINI 1214.8 win £1.75. Post * * 25p gin. 6 cam £1.40. Bin. 4 cam £1.40. Post 25p 

* BIG BLACK LIGHT * 
400W Mercury Vapour Ultra Violet Lamp Powerful source of UV * T p F ballast unit is e 

s 

sential with this lamp Price of bulb and 
4( matched ballast unit.£28. Post L2. Spare bulb only £10. Post Jr 
* 80p 

TTTTTTTTT T TTTT TTTTTTTT 

SQUAD LIGHT 
A new conception in light 
control Four channels each 
capable of handling 750 wane of 
spotlights. floodlights or dozens of small mains lamps Seven 
programs all speed controlled plus flash modulation, effectively 
(wing 14 different displays. Makes sound -to -light obsolete 
Completely electrically and mechanically come free 

Price only E60.00 
Post 75p. S.A.E. (Foolscap) for further details 

'11.11.74, ,"ri'::áaì1 
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TRIAC 
Raytheon Tag symmetrical Two Type TAG 250 500V 10 amp 500 p i v Glass 
passwated plastic truc Swiss precision product for long term reliability E1.25. 
Post 1 Op (exclusive of Data and application sheet) Suitable Diac lip. 

101 

GEARED MOTORS 
100 R.P.M. 115 lbs. ins.!! 

115 lb. ins.. 110 volt. 50Hz. 2.8 amp. single phase. 
split capacitor motor Immense power. Continuously 
rated. Totally enclosed. Fan cooled In-line gearbox. 
Length 250mm. Dia. 135mm. Spindle Dia 15.5mw 
Length 145mm, ex- equipment tested E12.00. Post 
E1.50. Suitable transformer 230/ 240 volt 86.00. Post 
75p. 

15 R.P.M. 
Type SD48 15 r.p.m. 80 Ib. ins. Input 100/ 120 volt A C. Length incl 
gearbox 270mm. Height 135mm. Width 150mm. Shaft drive 16mm. 
Weight 8.5 Kilos. BRAND NEW. Price E10.00, cary. El .00. 
Sortable transformer for use on 220/240 volt A. C. 

E3.86. Post 50p 

DRAYTON MOTOR 
Type Ray 230/250v 50c Commuously rated 1 

RPM. 901b in. Reversible motor. Twin spindle 
sue 100mm by 140mm by 125mm. Shaft 
50mm by 8mm. Weight 2 kilos New Price 
E16.50.P &PCI.00 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.p.m. torque 10 Ib in 
Resemble 1/70th h p cycle 38 amp This U S A motor ,s iifteierl 
in as new condition. Input voltage of motor 115v A.C. Supplied 
complete with transformer for 230/240v A.C. Input. 
Price. type 06.25. Post 75p or less transformer E3.75.. Post 65p 
(Type 3) 71 r.p.m. 230 Volt A.C. 
CmeWnzoWy read. Non revertible. E6.80 Post 75p 

\\`\1114614661t'.'. 
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6/9 VOLT D.C. GOVERNED 40mm e 40mm Spindle 10mm Dia 2 
mm E1.00 Post Paid Two for E1.85 Post Paid 

24 R.P.M. 230 volt A C Continuously rated Mfg Mosaics Ex -equip 
Fully tested E3.85. Post 75p 

1 R.P.M. 230/240 VOLT A.C. SYNCHRONOUS!! Ex- equipment 
Thoroughly tested and guaranteed ONLY EI.50. Post top 

20 R.P.M. GEARED MOTOR. 230/240 volt 20 r p m motor 
£1.00. Post 2Op 

REVERSIBLE MOTOR 230V A.C. 
General Electric 230e A.C. 1.600 r.p. m. 0.25 amp. Complete with 
anti- vibration mounting bracket and capacitor. O/A size 110mm x 
95mm. Spindle 5/16" dia 20mm long. Ex- equipment tested. E3.00. 
Post 50p 

REVERSIBLE MOTOR 
AEI 1/12 hp continuous rated reversible motor 100/120v. A C 50/60 
cycle 2850 r m. Flange fixing dia 4 ". length 41/2". shaft 1" x 5/16" 
Price E3.25. P &P 75p. 

HALF REV. PER HOUR. 
Sync. Motor 2301240v A C Mfg by Smiths El. P &P 20p 

METERS NEW 
90mm Diameter 
Typa: BECS . D.C. mc. 2 5 10 20. 50 amp E2.75. 
Post 20p 100 amp E3.25. Post 20p 
Type: 62T2 A.0 M/I 1. 20. 50 amp. £2.10 Post 20p 0300 Von 
A.0 M/I E2.75 and 300 Volt A.0 R /M/C E3.00 Post 30p 

COLOUR WHEEL PROJECTOR 
TYPE P150 INTACHANGE 
200/240V a c 50Hz 150W lamp complete with oil filled colour wheel and 
motor plate Takes intachange accessories and full range of lenses E29.95. Post 
L1 35. (Total Inc VAT Si Post. E33.70). 

INSULATION TESTERS 
(NEW) 

I to I. 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 Ib 
500 VOLTS 500 m,ogehms 
Post Bop. £40.00 
1000 VOLTS 1000 megohms 
Post ROp E46.00 

ROTARY VACUUM AIR COMPRESSOR 
AND PUMP 
Carbon cone. oil -less 100/115V A C 1/ 12 h p 
motor 50 /60 cycle. 2875/3450 r p.m. 20" 
vacuum 1.15 c. f. m 10 p s i )approx figures) 
New united surplus stock with elect connection i 

data Erection of maker's price. E12.00. Post 
1:1 00 Su mtri- transformer £3.50. Post 50p. 

TIME SWITCH 
Horstmann Type V Mk II Time Switch 200/250 vot 
A C Two on /two oft every 24 hours. at any manually 
pre -set lime 30 amp contacts 36.hour spring reserve 
in casa of power failure Day omitting device Fitted in 
heavy high impact case. with glass observation 
window Built to highest Electricity Board spec 
individually tested. Price E7.75. Post 50p ¡Total Inc 
VAT 03.91) 

A.C. MAINS ass 

TIMER UNIT '' y,t~ Based an electric clock. with 25 amp. 
single -pole switch. which can be preset It any 'i_ 
paned up to 12 his ahead to switch on for any 
length of time. from 10 mtns to 6 Srs. then }% 
switch off. An additional 60 min audible timer is 
also incorporated. Ideal for Tape Recorders Lights Electric Blankets etc 
Attractive satin copper finish Site 135 mm x 130 mm o 60 mm Price 
E2.25. Post 40p. (Total inc. VAT & Post £2.57 

_ 'nlet ° °Ile, 
AT CURRENT RATE 

ark) ", 
MUST BE ADDED 

DIMMER SWITCH TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

- 600 WATT D 
Easily fitted Frilly guaranteed by makers A' -i , ,ii up (r^ià to 600 watts of all lighting except flumes, ii. mains 1`_e' voilage Complete with simple Instructions E3.85 Post 
25p 
1000 watt model 
2000 watt model 

E5.60. Post 25p 
(9.75. Post 4oi ACCOUNT CUSTOMERS MIN. ORDER £10.00 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 58 B. Phone: 01 -995 1560 

Closed Saturdays. 

POWER 
RHEOSTATS 

New ceramic construction. vitreous enarnei 
embedded winding. heavy duty brush assembly. 
continuously rated. 

25 WATT 10 25 100. 150 250. 500. 1 k. 1 5k ohm £1,9). P, 

20p 50 WATT 1 5 10.25 50. 100. 500. 1k chin E2.40. Post 

25p- 100 WATT 1/5n0/25/50/100/250/500/lk 
1 5k/2 5k /5k ohm £3.70. Post 35p 
Black Silver Skirted knob calibrated in Nos 1.9. t "i in dia brass 
bush Ideal for above Rheostats. 22p ea. 

PROGRAMME TIMERS 
230 Von AC Operation 15 or 20 r p m. 
Each cam operates a e o micro switch Ideal 
for lighting effects. displays. etc Ex equip 
tested Similar to illustration 
6 CAM model E5.00 
3 CAM model E8.50 

12 CAM model £7.50 
Pox. blip Amu available tor 50 von A C operation Prices as euove 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

1" 

- a í 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 01 -437 0576 
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,,-rain Singapore Thailand Iceland Brazil Sweden Germany Iran Jamaica St. Kitts Tunisia 

Ó 
C EXPORT ORDERS: No VAT charged. Postage charged at actual cost plus 50p 
q packing and handling. Please make payment by Bank Draft. Postal Order, 

P O W E R T R A N International Money Order in sterling. 
(J) SECURICOR DELIVERY: For this optional service (U.K. Mainland only) add 

L E2.50 (VAT INC ) per kit. 
U.K. ORDERS. SubNet to 121 /a %e surcharge for VAT. Carriage free. 

¡tl. MAIL ORDER ONLY (tor at current rate if changed) 
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ELECTRONICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

AMBIENIACOUSTICS 

By J. L. Linsley Hood 

Pack Price 

I. Rbregbss piloted-craft bard fer power amp £1.15 
2. Sui et resisters, capacitors. pra-Sed fer power amp 

£2.15 
3. SO el saMCaadocdn for power amp £6.50 
4. Pak of 2 drilled. Owed hot sinks £1.10' 
5. fibrogbu printed -Arndt Nard tor pre -amp E 1.75 

6 Set of law seise resisters, smashers. pre -sets for 
£3.40 

7. 

pre-amp 
low MIMIC MO gab semiconductors for 

pre-allq £2.40 
8. Sel of pMadometers paladin mains switch) £3.15 
9. Set of 4 pushbutton switches. rotary mode 

switch E4.50. 
10. Toroidal trasfermor complete with mageolic 

rems /bmiaiN priory: 0 117.234 V: secondaries: 

33-0-33 V. 250-25 V E10.95 

Pack Price 

II. Fibreglass printed- circuit board for power supply 
£0.85 

12. Sal of resistors. capacitors. secondary fuses. 

semi- coductors for power supply £4.60 
13. Sel el miscellaneous parts including DIN skts. mains 

Net set. hoe holder. inter -connecting cable. control 
Notts £5.35 

14. Set of medlwork parts lacluding silk screen printed 
fascia poet and all bruckels. fixing parts. etc. £7.30 

15. Handbook £0.30 
16. Teak cabinet 18.3" x 12.7"x 3.1" E9.85 

2 sack of packs 1 -7 Inclusive ara required for complete 

stern system Talai oit of Individually purchased 

pods E83.75 

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 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 "biddy" suppression and power is supplied via a 

toroidal transformer and integrated regulator For long term stability metal 
oxide resistors are used throughout. 

Pad Price 

I. Rimless edited beard for heat IN F strip. 
Newddtler. AFC end mob trans E2.15 

2. Sin of mot exlde station. tIor.Mer. apecfers. 
unmet preset for moetisg M pack 1 £4.30 

a Set of ineslalen, /lodes. LED. Integrated circuits for 
mewdbp se pack 1 £5.25 

4. Pre-aggad hod eel module. coil assembly. three 

main ceramic Otter £8.50 
5. Ringlets printed circuit board for stereo decoder 

£1.10 
6. Set of metal oxide resistors. capacitors tarmac 

preset for decoder £2.60 
7. Set of transistors LED, integrated circuit for decoder 

£2.90 
8. Sin of components for shaped selector swWck 

module including fibreglass printed circuit board. 

push -button switches, knobs. 1E0s. preset adjusters. 
etc. £8.80 

9. Function switch. 10 tun tuning potentiometer. knobs 

£5.30 
10. Frequency meter. meter drive components. fibreglass 

printed circuit board E9.45 

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 £73.90 
WIRELESS WORLD FM TUNER 

/7/ 

Pack Price 

11. Toroidal transformer with electrostatic screen. 
Primary 0- 117V -234V E4.45 

12. Set of capacitors, rectifiers. voltage regulator for 

power supply £2.95 
13. Set of miscellaneous parts. including sockets. fuse 

holder, fuses. inter- connecting wire. etc. £1.50 
14. Set of metal work parts including silk screen printed 

facia panel. acrylic silk screen printed tuning 
indicator panel insert. internal screen, fixing parts. 
etc. ' £7.50 

I5. Construction notes (tree with complete kit) £0.25 
16. Teak cabinet 18.3" o 12.7" a 3.1" E9.85 

One each of packs 1 -I6 inclusive are required for complete 
stereo FM tuner. Total cost of individually purchased 
packs E76.85 

Published in Wireless World (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 a choice of 
equalization Lire constants, a choice of bias levels and also an option of using 
an additional pre -amplifier for microphone use The mechanism used is the 

Goldring -Lento CRY, 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. 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £66.75 
NEW KIT! 

LINSLEY -HOOD CASSETTE DECK 

-PRICE STABILITY 
Order with confidence! Irrespective of any price changes we will honour all 

prices in this advertisement for two months from issue date provided that this 
advertisement is quoted with your order. E &OE VAT rate changes excluded. 
All components are brand new first grade full specification devices. All 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. 

Pack Price 
I. Stereo PCB (accommodates 2 rep. amps. 2 rec. 

amps. 2 meter amps. bias /erase sac. relay(E3.35 
2. Stereo sel of capita's. M.O. resistors. 

potentiometers for above £9.80 
3. Stereo set of semiconductors for above £8.90 
4. Mieiature relay with socket E2.45 
5. PCB. all components for solenoid. speed control 

circuits E3.20 
6. Goldring Lenco mechanism as specified. £19.10 

7. Function switch. knobs £1.80 
8. Dual VU meter with illuminating lamp E7.20 

9. Toroidal transformer with E.S. screen prim. 
9117V. 234V. Sec. 15V £4.45 

Pack Price 

ID. Set of capacitors. rectifiers. I.C. wattage regulator 

Mr power supply (Powertran design) £2.90 
II. Set of miscellaneous parts. including sockets. tuse 

holder. fuses. interconnecting wire. etc E2.50 
12. Set st metalwork including silk screened lacia 

panel. internal screen. fixing parts. etc E7.10 
13. Construction notes £0.25 
14. Teak cabinet 18.3" x 12.7" x 3.1" £9.85 
One each of packs l -14 inclusive are 

required for compete stereo cassette 
deck. Total cost of individually pur- 
chased packs £82.55 

SPECIAL PRICE FOR 
COMPLETE SETS £78.50 
Further details of above given in our FREE LIST 

DEPT WW1 

and Portugal Mozambique Belgium Sumatra 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 



Wireless World, January 1977 103 

Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius St. 

CD AUDIO KIT SUPPLIERS TO THE WORLD 

Pack 120 130 
I. Set et low noise resistors 1.40 1.50 

2. Set of small capachers 2.20 2.80 
'3. Set el power supply capacitors . 1.90 2.30 
4. Set el miscellaneous pans 3.20 3.20 
5. Set of slide. maint. P.B. switches 1.20 1.20 
6. Set of pots. selector switch 2.80 2.80 
7. Set of semiconductors. ICs. aids.. , . 7.25 7.75 

T20+20 and our new 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 sllmline T20 + 20 delivers 20W per channel Of true Hi -Fi at exceptionally low edit 
The design is based on a single F /Glass PCB and features all the normal facilities found on quality I 

amplifiers, including scratch and rumble filters. adaptable input seleòtorand head phones socket. In al 
follow up article in Practical Wireless further modifications were suggested and these have been. 
incorporated into the T30 +.30. These include RF interference filters and a tape monitor facility. 
Power output of this new model is 30W per channel 

Peck T20 T30 1 

8. Toroidal transformer - 240V prim. 
e.s. screen 4 95 6.80 

9. fibreglass PCB 3 20 3.60 
10. Sel of metalwork. tiring parrs 4.20 4.80 
11. Sel al cables. mains lead 0 40 0.40 
12. Handbook (tree with complete kill 0.25 0.25 
13 Teak cabinet 15.4" x 6.7i' x 2.8" 4.50 4.50 

2 NEW 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 130 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 -secs 
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. 

KIT PRICE 

£45.50 

KIT PRICE 

£32.60 

SPECIAL PRICES 
FOR COMPLETE KITS! 

T20 +20 
KIT PRICE only 
T30 +30 
KIT PRICE only 

£28.25 
£32.95 

CONVERT NOW TO QUADRAPHONICS! 

SaM 1 - 30 KIT PRICE £37.115 
Wireless World Amplifier Designs. Full kris are not available for these protects but 
component packs and PCBs are stocked for the highly regarded Bailey and 20W class AB 
Linsley Hood designs, together with an efficient regulated power supply of our own 
design. Suitable for dnving these amplifiers is the Bailey Burrows pre -amplifier and our 
circuit 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 their speakers. we also offer an active filter system, 
described by D C. Read, which spurts the output of each channel from the pre -amplifier 
mto 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 sortable for these For tape 
systems a set of three PCBs have been prepared for the integrated circuit based. high 
performance stereo Stuart design. Details of component packs are in our free list 

30W Bailey Amplifier 
BAIL Pk 1 F /Glass PCB £1.00 
BAIL Pk 2 Resistors, Capacitors, Potentiometer set .. E2.35 
BAIL Pb 3 Semiconductor set .. .. E4.70 
2010 Linsley Hood Class AB 
LHAB Pk 1 F /Glass PCB E1.05 
LHAB Pk 2 Resistor. Capacitor. Potentiometer set £3.20 . 

LHAB Pk. 3 Semiconductor set £3.35 
Regulator Power Sypply 
BONS Pk 1 F /Glass PCB E0,85 
BONS Pk. 2 Resistor. Capacitor set E2.20 
BONS Pk. 3 Semiconductor set £3.10 
60VS Pk. 6A Toroidal transformer for use with Bailey) £8.80 
60VS Pb 68 Toroidal transformer for use with 20W EH) ... E7.25 
Bailey Burrows Stereo Pre -Amp 
BBPA Pk 1 F /Glass PCB E2.80 
BBPA Pk. 2 Resistor. capacitor semconductor set £8.70 
BBPA Pk 3R Rotary Potentiometer set E2.85 
BBPA Pk. 3S Slider Potentiometer set with knobs £3.10 

-.Active Filter 
FILT Pk. 1 F /Glass PCB .. E1.40 
FILT Pk. 2 Resistor. Capacitor set (metal oxide 2 %, polystyrene 2`h%) £4.20 
FILT Pk 3 Semiconductor set £2.25 
2 off Pks 1. 2. 3 rqd for stereo salve filter system 
Reed /Texas 20W Amp 
READ Pk. 1 F /Glass PCB E1.00 
READ Pk. 2 Resistor. Capacitor set E1.20 
READ Pk 3 Semiconductor set E2.30 
6 off pks 1, 2, 3 required for stereo active filter system E2.30 
Stuart Tape Recorder 
TRRP Pk 1 Replay Amp F /Glass PCB E1.30 
TRRC Pk t Record Amp F /Glass PCB E1.70 
TROS Pk 1 Bias /Erase /Stalilixer F /Glass PCB E1.20 

Further details of above and additional packs given in our FREE LIS r 

EXPORT NO PROBLEM 

With 100s of titles now available no longer is there any problem' 
over suitable software. No problems with hardware either. Our 
new unit the SQM1 -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- pas5.ing 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. 

%peal offer to 120 i 20 end Texan 
owners? 
Owners of 720 + 20 and Texan amplifiers. 
which have no tape monitor outlet, 
purchasing an SOM 1 -30 will be supplied 
on request, a free conversion kit to fit tape 
monitoring facility to the existing amplifier. 
This makes simple the connection to the 
highly adaptable SOM 1.30 quadrophonic 
decoder /rear channel amplifier 

SQ QUADRAPHONIC DECODERS 
Feed 2 channels (200- 1000mV as obtainable from most pre -amplifiers or amplifier 
tape monitor outlets) into any one of our 3 decoders and take 4 channels out with no overall signal level 
reduction. On the logic enhanced decoders Volume. Front -Back, LF -RF 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. 

Ml. 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 E17.20 
L2A. More advanced full logic decoder with "variable blend" for increased front back separation. All components. 

PCB £22.60 
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 E25.90 
Also available with M O. resistors, cermet pre -set -- add E4.20 Q 

CD 

SEMICnNDUCTORS as used in our range of quality audio equipment,- a 
25599 10.20 'turbi E0.40 80529 £0.65 MJE521 £0.60 TIP2.6 E0.55 251613 £0.20 40362 £0.45 BD530 £0.55 MPSA05_ £0.25 T1P30C £0.80 251711 £0.25 BC107 £0.10 BDY56 El .60 'MPSA 12 £0,35 TIP41A £0.70 
252926G E0.10 BC108 £0.10 13F257 £0.40 MP$AI4 £0.30 TIP42A maw tü 
253055 £0.45 BC109 £0.10 BF259 £0.47 MPSA55 £0.25 TIP41B E0.75 
253442 E1,20 BC109C £0.12 BFR39 £0.30 MPSA66 E0.35 TIP428 £0.90 tii 
253711 E0.09 BC125 £0.15 8FR79 CO 30 MPSA66 £0.40 1N91d £0.07 253904 £0.17 BC126 E0.15 BFY51 £0.20 MPSUO5 £0.50 15916 £0.07 Q) 2N3906 £0.20 BC182 £0.10 BFY52 £0.20 MPSU55 £0.50 15920 £0.10 2N4062 £0.11 BC212 £0.12 CÁ3046 £0.70 $8Á750A £1.f10 D 254302 E0.60 BC182K E0.10 LP1186 £8,50 SL301 £1.30 255087 £0,25 BC213R É0.12r MC1310 E2.20 SL3045 £1.20 FILTERS C 2N5210 £0,25 BC182L £0.10 MC1351 £1,05 SN72741P £0.40 FM4 E1.00 (n 2N5d59 £0.45 BC184L £0.11 MC1741CG £088 5572748P £0.40 SFGIO TMA £1.50 e+ 
255459 £0.45 BC212L £0.12 MFC4010 £0.95 TIL209. E0.20 255461 £0.50 BC2141 £0.14 MJ48I £1.20 
'N5330 £0.35 BCY72 £0.13' 58.1491 £1,46 TIP30A E0.49 

'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 1975 are shown 
surrounding this advertisement 

a 

GAO Kenya 'France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla N 
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MULTIMETER F4313 (Made in USSR) 

° °--_^ 

SENSITIVITY. 
1 200V DC range 10,000 Q/V 
Other DC ranges. 20,000 0/V 
1200 AC ran 6,000 0/V 9 

av 
e. 

.'. 600v AC range 15,0000/V 
300V AC range. 15,000 0/V 
Other AC ranges. 20,000 0/V 

AC/ DC current ranges 60- 120 -600uÁ- 3- 12- 300mA- 1.2 -6A 
AC /DC voltage ranges 60- 300mV -1 .2- 6 -30 -1 20- 300 -600 -1 200V 9 9 
Resistance ranges: 3000 -10- 100 -1000K 
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 £37.50 plus VAT p 
Packaging and postage £1 10 

0A2 0.45 
0A3 0.55 
082 0.45 
0C3 0.45 
003 0.45 
58464 1.00 

5U4G 0.55 
574G 0.55 
5Y36T 865 

66114 0.50 
64J5 0.65 
6AK5 0.45 
6X05 0.50 
6605 0.50 
60T6 0.60 
6646 0.50 
6ÁW06 0.75 
fiAU6 0.40 
6066 0.38 
60E6 0.45 
60146 0.75 5763 

MI6 0.75 EÁ0080 

6866 0.80 EAC91 

6068 0.65 EAF42 

6826 0.55 EAF801 

6021 0.70 
6CA 0.40 EBCBI 

6C86 0.50 EBFBO 

6FÁ8 0.75 EBF83 

6GK5 0.70 E8F89 

GK6 0.65 EC86 

6J4 0.75 EC88 

6J5GT 0.55 EC9I 

GJ6 0.35 E0ú70 

616GT 0.60 ECC81 

6317GT 0.55 ECC82 

rULLY GUARA'NTEE7 
6SN7GT 0.55 KT66 3.40 PL508 

ZAT7 0.45 KT88 3.65 PL802 

2A1.17 0.38 PCBS 0.65 PY31 

2ÁK7 0.38 PC88 0.65 PY33 

2B4A 0.80 PC900 0.55 P181 

2066 0.60 ® PCC84 0.45 PY82 

28E6 0.60 V PCC135 0.45 PY88 

2067 0.60 PCC88 0.65 P45006 

2X4 0.50 VALVES PCC89 0.55 PY800 

9605 0.75 PCC189 0.65 TT21 

3065 0.70 ECC83 0.38 EE86 0.40 moo 0.40 1122 

3563 0.70 ECC84 0.35 EFI113 0.35 PCF02 0.40 UABC80 

3505 0.70 ECM 1.25 EFI24 0.75 PCFB6 0.85 UAM2 

3585 0.70 ECC86 1.25 EFL200 0.75 pCF20O 0.80 Ú11C41 

35C5 0.70 ECC88 0.60 6134 0.70 PCF201 0.85 Ú8C81 

3565 0.80 ECC89 0.60 E136 0.60 PCF80t 0.55 UBF80 

35WÁ 0.60 ECC00 0.80 ELdt 0.80 0.55 UCC84 

SOAS 1.00 ECF110 0.45 EL81 0.60 PCH2O0 0.75 UCC84 

5085 0.85 ECF82 0.45 EL82 0.60 PCL81 0.55 UCC85 

5005 0.70 ECM 0.75 E183 0.60 PCL82 0.40 UCF80 

1.50 ECF801 0.75 EL84 0.35 0.70 UCH42 

0.40 ECF802 0.75 EL90 0.50 PCL84 0.50 UC 81 
0.55 ECH42 0.85 EL95 0.70 PCL85 0.60 UCL82 

0.70 ECH81 0.50 61500 0.80 PCL86 0.60 UCL83 

0.65 ECH83 0.50 EM80 0.55 PCL200 0.75 ÚF41 

EBC4I 0.75 ECH84 0.50 EM81 0.60 p0500 1.70 0F42 

0.50 ECLBO 0.40 EM84 0.40 Pft200 0.70 UFBO 

0.50 ECLOI 0.75 EY51 0.45 PL35 0.40 UF85 

0.50 ECL82 0.42 EY51 0.45 PL36 0.60 UF89 

0.40 ECL83 0.75 EY87 0.50 P138 0.65 ÚL41 

0.75 ECL84 0.60 EYB8 0.50 PIP 0.55 ULM 

0.75 ECLOS 0.65 U40 0.60 P1.82 0.50 U441 

2.60 ECLB6 0.55 EZ41 0.75 pí83 0.50 UY42 

0.80 ECLL800 4.50 6280 0.30 PL84 0.50 ÚY82 

0.45 EF80 0.35 6281 0.35 PL95 0.70 11485 

0.38 EF85 0.45 GZ34 0.75 Paces exclude -AT 

Our new 1976/1977 Catalogue is now available at E0.30 each 

0.90 
1.40 
0.50 
0.63 
0.45 
0.45 
0.50 
1.10 
0.50 
5.90 
5.90 
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 
.3 Made in USSR 

Extremely simple and easy to use single beam 
oscilloscope Well proved design based on standard 
octal valves makes servicing and maintenance 
straightforward and inexpensive. Because of its 
bandwidth of 10 MHz the instrument is suitable for 
general electronic applications and educational 

F purposes where a sophisticated instrument would be 
both too expensive and delicate Sin 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 mains operation 

Price £55.00 ex. works, plus VAT 
Packing and carriage (U.K. only 12.50) 

d 
î ' - 

11 

I 

HIGH GAIN DARLINGTON PAIRS 
Plastic 3 -Lead Case Darlington Pairs Typical 
current gain 30,000 Max collector voltage 
VCBO 40V Max. collector current 400mA 
lcao -10nA 
BC517 E0.80 
BC51J NPN EÁ.60 

Pi s At 

TRANSISTORS FOR T.Y. 

R20086 0.95 
R20100 1.65 
BÚ126 1.55 
Bu 108 2.00 
BÚ208 

P 

2 00 
VA, 

Z& 1 A E R O SERVICES LTD. 
Head Office: 44A WESTBOURNE GROVE, LONDON W2 5SF 

Tel.: 727 5641 Telex: 261306 

Retail Branch: 
85 Tottenham Court Road 
London W1. Tel: 580 8403 

WW -042 FOR FURTHER DETAILS 

The Hi -Fi Year Book is more than just a handy 
reference. It is a sensitive instrument enabling you 
to pinpoint and track down the finest Hi -Fi items 
on the market. Therè are 500 pages of products, 
photos and expert articles to help you in your 
choice. Separate illustrated sections cover every 
major category of equipment -telling you what 
each item does, what it costs, who makes it and 
where to buy it What s more, there are 
authoritative articles on the latest developments 
and how to apply them. Order your copy today, 
before it sells out... and you'll be tuned in to the 
finest in Hi -Fi all through 1977! 

HI FI YEAR BOOK 
1977 
Available direct from the publishers @ £3.40 
inclusive or from leading booksellers and 
newsagents price £3.00. 

HIF1YEAR BOOK 
1977 
Pickups/ Mt*J /TLnersjArnplífiersjMicrophones 
Reffs ¡SpeakersiCab lets /Audio Systems 

Eagle. 

Everything from a jack plug 
to a receiver. 

r 
i ORDER FORM 

To IPC Business Press Ltd. Room 11, 

Dorset House. Stamford Street, 
London SE 1 9LU. 

iPlease send me copy copies of 
Hi -Fi Year Book 1977 @ £3.40 a copy 
inclusive. remittance enclosed 

Cheque P.O. should be made payable 

1 

1 

i 
1 

1 

to IPC Business Press Ltd 

Name 
(please print) 
Address 

1 
Registered in England No 677128 
Regd Office Dorset House. Stamford 

I Street. London SE1 9LU 

L J 
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audio modules 
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for cost -conscious constructors 

A NEW 100 WATT ram.s. 
POWER 
AMP 

ss.1100 
£9.45* 

- 
with heatsink -type 

y 

bracket. Large heatsink q, 
' ' 

-El' extra ° --° 
Most recent addition to Stirling Sound's \wide range of power amplifiers, the SS 1100 is 

a solidly constructed heavy duty module, to deliver 100 watts r ms Into 4Q using 70 
volts. Ideal for discos, P A and similar applications With built -in output capacitor and 
heatsink mounting bracket Size approx. 140 x 76 x 32mm. A guaranteed Stirling 
Sound QV module Compatible with other Stirling Sound modules Supreme value 
Designed and built for long unbroken spells of work 

POWER AMPLIFIERS FROM 5 TO 40 WATTS 
SS.105 
5 watts R.M S into 4 ohms using 12V 
supply Ideal for use in in -car entertain- 
ment. Size - 89 x 51 e 1 9mm wí e 

£2.25 -+>. 

5.110 
Similar in size and design to SS 105, this 
QV module delivers 10 watts R.M S. into 
4 ohms using a 24V supply, e g SS.324 
Of great use in domestic applications SS.140' -° 

£2.75 Mk 3 version, complete with output 
capacitor and heatsink -type bracket. 

SS.120 Delivers 40 watts R.M.S. into 4 ohms 

Using a 34 volt supply, such as SS 334, from a 45 volt supply such as the SS.345 
this amplifier will deliver 20 watts into a 4 Designed specially for long and heavy 
ohm load. Same dimensions as above work E3.95' 

E3.25 FOR POWER SUPPLY UNITS SEE BELOW 

STIRLING SOUND PRE -AMP /TONE CONTROL UNITS 
UNIT ONE 

Combined pie amp with active tone.control 
circuits 200mV output for 50 mV in Runs 
on 10 to 16V supply Treble -. 15 dB at 
10KHz. Bass .15 dB at 30He Stereo / Q 
Balance vol treble and bass controls + 

£7.80 
55.100 
A, rree tone control bass and treble E7.60 .. 

55.101 

control 
cartridges etc 

tone control circuit shown ,n data supplied 
£1.60 UNIT ONE 

SS.102 STEREO PRE -AMP 
R i A A rrected for nag plus tape Pre-amp with active 
,cad.. etc 

corrected 
E2.65 torn control circuits. 

POWER SUPPLY UNITS 
COMPLETE WITH TRANSFORMERS and 13-16V take -off points Add 50p p/p for any 
model 
ALL AT 8% V.A.T. 
SS312 12V /1A E3.75; SS 318 18V, 1A £4.15; SS 324 24V/1A £4.60; SS 334 
34V/2A £5.20; SS 345 45V, 2A £6.25; SS 350 50V, 2A £6.75; SS 300 - Power 
stabilising unit 10 -50V. adjustable (no transformer, p/p 35p) £3.25; SS.310/50 
Stabilised power supply variable from 10 to 50V/2A £11.95. 

THE BUILT -IN QV FACTOR is the symbol of Stirling Sound's guarantee of Quality and Value 
which gives you today's bent buys all round. It is YOUR 9uarentee of satisfaction. 

TO ORDER add 35p for pep unless shown olherw,se V.A.T. add 12'V, u, to total of order unless shown 
when the rate is 8's, 
Every eeun is made to ensue. ,rii,urr mess hI ,. i..i.,,., ;,; ,0),. .0 i,.0n,1 ti till.. P,, r..s .hirt to 

range without notice 

Stirling Sound - 

- 

A member of the BI- PRE -PAK GROUP ;t 

220 -224 WEST ROAD, WESTCLIFF -ON -SEA, ESSEX SSO 9DF 
Phone: Southend (0702) 46344. PERSONAL CALLERS WELCOME 

105 

TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING VAT 8% 12 and /or 24 -VOLT 
PRI 120/240V SEC 120/240V 

Centre Tapped and Screened 

Ref. VA (Watts) £ P &P 
07' '20 3.57 .66 

149 60 5.39 .80 
150, 100 6.13 .95 
151 200 9,82 1.25 
152 250 11.87 1.53 
153 350 14.34 1.53 
154 500 16.48 1.79 
155 750 25.23 OA 
156 1000 35.16 OA 
157 1500 40.12 OA 
158 2000 44.76 OA 
159 3000 70.70 OA 
-115 or 240 sec only 

50 VOLT RANGE 
Primary 220 -240V 

SEC. TAPS 0- 19- 25- 33- 40 -50V 
Ref. Amps E P &P 
102 0 5 3.12 .65 
103 1.0 2.08 .80 
104 2.0 5.69 .95 
105 3.0 7.02 1.10 
106 4.0 9.18 1.25 
107 6.0 14.62 1.37 
118 8.0 15.56 1.73 
119 10.0 20.41 OA 

60 VOLT RANGE 
Primary 220 -24CV 

SEC TAPS 0- 24- 30- 40- 48 -60V 
Ref. Amps £ P &P 
124 0.5 2.85 80 
126 1.0 4.23 80 
127 2.0 6.13 95 
125 3.0 9.09 1.10 
123 4.0 10.57 1.53 
40 5.0 11.78 1 .37 

120 6 0 13.88 1 53 
121 8.0 18.11 BRS 
122 10.0 22.31 BRS 
189 12.0 23.30 BRS 

HIGH VOLTAGE 
MAINS ISOLATING 

Pr) 200/220 or 40C /440 
Sec 100/120 or 200/240 

VA Ref. £ P &P 
60 243 5.03 1.10 
350 247 12.57 1.53 
1000 250 30.26 BRS 
2000 252 50.74 BRS 

DECS SOLDERLESS 
BREADBOARDING 

S Dec 70 contacts E1.98 
T Dec 208 contacts £3.38 
U Dec A IC's etc. £3.99 
U Dec 'B IC's etc. E6.99 

VAT BSl P &P 25p 

Primary 220 -240' Volts 
Ref Amps £ 

12v 24v 
111 0.5 0.25 1.77 
213 1.0 0.5 2.14 

71 2 1 2.77 
18 4 2 3.42 
70 6 3 5.09 

108 8 4 5.85 
72 10 5 6.33 

116 12 6 6.67 
17 16 8 8.60 

115 20 10 12.55 
187 30 15 18.33 
226 60 30 20.32 

P&P 

36 
65 
65 
80 
80 
95 
95. 

1.10 
1.10, 
1 73 
1.73 

OA 

30 VOLT RANGE 
Primary 220 -243V 

SEC. TAPS 0- 12- 15- 20- 25 -30V 
Ref. Amps E ' p &P 
112 0.5 2 -27 65 

79 1.0 2.90 80 
3 2.0 4.34 80 

20 3.0 
21 
51 

117 
88 
89 

4.0 
5.0 
60 
80 

10.0 

5.41 
6.39 
7,74 
8.65 

11.73 
11.91 

95 
95 

1 10 
1 25 
1 37 
1.53 

AUTO TRANSFORMERS 
Ref. VA (Watts) TAPS £ 

113 20 0- 115- 210 -240V 2.01 
64 75 0- 115- 210 -240V 3.51 

4 150 0-115-210-220-240V 4.98 
66 300 7.03 
67 500 10.76 
84 1000 16.51 
93 1500 ,. 21.87 
95 2000 ,. 29.22 
73 3000 42.37 

P&P 

59 
80 
80 
95 

1 37 
1 73 
BRS 
BRS 
BRS 

SCREENED MINIATURESPrimary 240V 
Ref. mA Volts E 
238 200 3 -0-3 1.86 
212 1A. 1A 0 -6. 0 -6 2.22 

13 100 9 -0-9 1.79 
235 330,330 0 -9, 0-9 1.89 
207 500. 500 0 -8 -9, 0 -8 -9 2.32 
208 1A, lA 0-8 -9, 0 -8 -9 3.53 
236 200. 200 0-15, 0 -15 1.79 
214 300, 300 0-20, 0 -20 2.33 
221 700 (DC) '20- 12- 0 -12 -20 2.74 
206 1A, lA 0- 15 -20, 0 -15 -20 4.17 
203 500. 500 0.15 -27, 0 -15 -27 3.62 
204 1A, 1A 0.15 -27, 0 -15 -27 4.76 
5112 500 0- 12- 15- 20 -24 -30 2.27 

P&P 
46 
65 
32 
32 
59 
65 
32 
65 
65 
80 
80 
80 
65 

BRIDGE RECTIFIERS 
200v 2A 45p 
400v 2A 55p 
200v 4A 65p 
500v 10A £2.35 

P &P 15p VAT 12''/z% 

METERS 
AVO8 £61.09 
AV072 E24.07 
AVOMM5 E20.94 
AVO TT169 £26.00 
AVO MEGGER £51.05 
U4315 £12.00 

(USSR) Inc. steel carry case 
Avo Cases and Accessories 

P &P C1 25 VAT 8% 

C1000 MINI -MULTIMETER 
DC- 1000V. AC- 000V 

AC /DC- 1000.3 /V 
DC -100mA Res - 150K 

Bargain at £3.80 
VAT 8% P &P 45p 

STEREO F.M. TUNER 
4 Pre -selected stations 

Switched AFC 
Supply 20 -35v 90Ma Max. 

£19.95. P &P 25p. 'VAT 12,9% 

MAGNETIC TO CERAMIC 
CARTRIDGE CONVERTER 
Operating Voltagt 20/45v 

ONLY £2.65 P &P 18p 
VAT 12/% 

GARRARFI 6P25 Mk. IV 
(Chassis) £19.23 

BSR 14411 Chassis with mag- 
netic cartridge £23.54 

PP,Pt1 10 VA 121'2% 

CASED AUTO. TRANSFORMERS 
240v cable input. USA 2 -pin outlets 

20VA £3.78. P &P 80p Ref. 

150VA E7 -33. P &P 95p. Ref. 
500VA £12.62. P&P C1 37 Ref. 

1000VA £21.15 0.A. Ref. 
2000VA £33.02 O. A. Ref 

113W 
4W 

67W 
84W 
95W 

HIGH QUALITY MODULES VAT 121/2% 
5 watt RMS Amplifier E2.65 
10 watt RMS Amplifier £2.95 
25 watt RMS Amplifier E3.95 
Pre -Amp for 3 -5 -10w £8.50 
Pre -Amp for 25w £13.87 
Power Supplies for 3 -5 -10w £1.20 
Power Supplies for 25w £3.00 
Transformer for 3w E1.90 
Transformer for 5 -10w £2.30 
Transformer for 25w (one module) E2.90 
P &P Amps /Pre- Amps /Power Supplies 18p 

. P &P Transformers 58p 
NEW STEREO 30 

Complete chassis, inc. 7 +7w r. m.s. amps 
pre -amp, power Supply, front panel. knobs (needs 
mains trans.), £15.75. Mains trans. E2.45. Teak 
veneered cab. £3.65. P &P 88p. VAT 121/296. 

POWER UNITS 
CC12 -05. Output 3. 4.5. 7 5. 9. 12v at 500mA 

£4.08. 
HC244R. Stabilised 3, 6. 7.E, 9v at 400mA 

E5.95. 
3300. 6. 7.5, 9v at 300mA plugs direct into 13A 
socket '£3.15. 

P &P 48p. VAT 121/2%. 

ANIEX SOLDERING IRONS 
15W £2.90. 18W £2.75. 25W E2.45 

Soldering iron kit £3.90 
Stand for above £1.13. P &P 25p. VAT 8 %. 

PLEASE ADD VAT AFTER P &P 
ELECTROSIL AND SEMICONDUCTOR 

STOCKISTS, AUDIO ACCESSORIES & BARGAIN 
PAKS. CALLERS WELCOME (MON. -FRI. ) OR 

SEND STAMP FOR _ISTS 
PAIGE/ CORRECT AT 11 11 76 

- Barrie Electronics Ltd. 
3,THE MINORIES, LONDON EC 3N 16J 

TELEPHONE: 01 -488 3316/8 
NEAREST T = E STATIONS: ALDGATE & LIVERPOOL ST. 

WW - 053 FOR FURTHER DETAI_S 
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/Marshall's 
A. Marshall (London) Ltd Dept: WW 
40 -42 Cricklewood Broadway, London NW2 3ET 
Tel: 01 -452 0161 /2 Telex: 21492 
& 85 West Regent St Glasgow G2 2QD Tel: 041 -332 4133 
& 1 Straits Parade Fishponds Bristol BS16 2LX Tel: 0272 
654201/7 
Call in and see us 9 -5.30 Mon -Fri 9 -5.00 Sat 
Trade and export enquiries welcome. Please enquire for types not listed 
NEW 168 PAGE CATALOGUE WITH 500 NEW LINES 55p 
post paid (40p to callers) 

WE ARE 
Marshall 
0632 26729 
CA30204 1.45 
CA3028A 055 
CA3035 1.35 
CA3046 0.73 
CA3048 2.16 
CA3052 1.62 
CA3089E 200 
CA30900 4.25 
CD4000 0.20 
CD4001 0.20 
CD4002 0.20 
CD4006 1.16 
CD4007 0.20 
CD4008 0.97 
CD4009 0.57 
CD4010 0.57 
CD4011 0.20 
CD4012 0.20 
CD4013 0.59 
CD4014 1.01 
CD4015 1.01 
CD4016 0.69 
CD4017 1.40 
CD4018 1.01 
CD4019 1.51 
CD4020 1.56 
CD4021 1.01 
CD4022 1.63 
CD4023 0.20 
CD4024 0.79 
CD4025 0.20 
CD4027 0.56 
CD4028 0.91 
CD4029 1.17 
CD4030 0.67 
CD4031 2.26 
CD4037 0.97 
CD4041 0.83 
CD4042 0.83 
CD4049 0-68 
CD4050 0.56 
C04610 1.64 

SEND POR 
NEW LINES 
55p post 

NOW AT 
Aitken Ltd., 

'CD4511 1.70 
CD4516 1.54 
CD4518 1.35 
CD4520 1.38 
LM301451 0.47 
1M3085 1.17 
LM309K 1.80 
LM380 0.98 
1M381AN 2.07 
LM702C 0.75 
LM709 

T099 0.38 
SOIL 0.40 
14011 0.40 

LM710 0.45 
LM723C 0.80 
LM741C 

1099 0.38 
8D11 0.35 
14DIL 0.40 

LM747 0.78 
LM748 

8DIL 0.44 
14DIL 0.41 

LM3900N 0.55 
LM7805P 1.39 
LM7812P 1.39 
LM7815P 1.39 
LM7824P 1.39 
MC1303L 1.44 
MC1310P1.91 
MC1330P0.92 
MC135IP 0.97 
MC1466L 4.59 
MC1469P 2.90 
MC14553 5.30 
NE555V 0.48 
NE556 1.30 
NE560 4.48 
NE561 4.48 
NE565 1.30 
S14144 2.35 

OUR NEW 

paid or 40p 

NEWCASTLE 
35 High Bridge, 

SL610C 2.35 
SL611C 2.35 
S1612C 2.35 
$L620C 3.50 
SL621C 3.50 
SL623C 5.75 
SL640C 4.00 
SN7400 0.21 
SN7401 0.21 
557402 0.21 
557403 0.26 
SN7404 0.26 
SN7405 0.26 
SN7406 0.59 
SN7407 0.59 
SN7408 0.22 
SN7409 0.22 
SN7410 0.21 
SN7412 0.21 
SN7413 0.61 
SN7416 0.46. 
SN7417 0.46 
SN7420 0.21 
5N7423 0.30 
SN7425 0.30 
SN7427 0.30 
SN7430 0.21 
SN7432 0.20 
SN7437 0.43 
SN7438 0.30 
SN7440 0.21 
SN7441 0.80 
SN7442 0.61 
SN7446 0.96 
SN7447 0.89 
SN7448 0.89 
SN7450 0.21 
SN7451 0.21 
SN7453 0.21 
SN7454 0.21 
SN7460 0.21 
057470 0.35 

168 PAGE 

to callers 

-ON 
Newcastle 

SN7472 0.29 
SN7473 0.33 
SN7474 0.33 
557475 0.44 
SN7476 0.39 
SN7480 0.55 
SN7481 1.25 
557482 0.77 
SN7483 1.04 
SN7484 1.00 
SN7485 1.48 
SN7486 0.32 
557490 0.49 
SN7491 0.77 
SN7492 0.49 
5N7493 0.49 
SN7494 0.85 
SN7495 0.61 
SN7496 0.88 
SN74100 1.23 
SN74107 0.33 
SN74118 0.99 
SN74119 2.02 
SN74121 0.39 
SN74122 0.54 
SN74123 0.46 
SN74141 0.80 
5574145 0.83 
SN74150 1.66 
SN74151 0.85 
SN74153 0.85 
SN74154 1.48 
5574157 0.78 
SN74160 1.20 
SN74161 1.20 
SN74162 1.20 
SN74163 1.20 
SN74164 0.98 
SN74165 0.98 
SN74167 4.20 
SN74174 0.98 
SN74175 0.98 

-TYNE! 
-on 

5574176 0.98 
SN74180 2.96 
SN74181 2.85 
SN74190 1,48 
SN74191 1.27 
SN74192 1.27 
SN74193 1.27 
SN74196 1.27 
SN74197'0.90 
5574198 0.90 
SN74199 2.28 
S57600352.28 
557601351.90 
557602351.91 
SN76033N2.50 
TAA263 1.25 
'TAA300 2.87 
TAA310A 1.50 
TAA320A 1.16 
TAA3504 2.48 
TAA550 0.60 
TAA560 1.60 
TAA570 2.30 
TAA611C 2.25 
TAA621 2.15 
TAA661A 1.32 
TAA661B 1.85 
TAA661C 1.32 
TAA700 3.91 
TAA930A 1.00 
T4A9308 1.05 
TAD100 1.95 
TBA120 1.65 
TBA510Q 2.30 
11345200 2.30 
180%5300 2.07 
TBA5400 2.30 
TBA641B 2.50 
TBA651 1.80 
TBA800 1.19 
TBA810 1.28 
TBA820 1.02 

WITH 

-Tyne. Tel: 

TBA920 1.79 
TBA990Q 3.00 
TCA16OC 1.85 
TCA420A 1.90 
TCA720 3.40. 
TCA750 2.45 
TCA800 3.25 
UÁ4170 1.50 
UAA180 1.60 
8DILSKT 0.14 
14DILSKT 0.15 
16DILSKT 0.16 
DIN PLUGS 14p 
DIN CHASSIS 
SOCKETS 10p 
3 -way, 4 -way. 
5 -way 180 
5 -way 240 
6 -way and 
Speaker 

MINIATURE 
HIGH QUALI- 
TY Mn 
BOX-JOINT 
INSULATED 
TOOLS 
Side cutters 

02.80 
Flat pliers E2.40 
Round pliers 

02 50 
Snipe pliers 

E2 40 
SOLDER 
SUCKER E5. 
SUB -MINIATURE 
TOGGLES 
1p on-off 45p 
1p 2 -way 55p 
2p 2 -way 60p 
2p 2-way col 70p 

500 

POPULAR 
our vast 

25696 0.25'. 
25697 0.16 
2N699 0.55 
2N706 0.12 
15708 0.21 
2N916 0.43 
2N918 0.34 
257302 0.37 
2N1306 0.45 
2N1308 0.60 
251711 0.27 
2N2102 0.80 
2N2148 1.85 
2N2218A 0.47 
2N2219A 0.62 
2N2220 0.35 
252221 0.22 
252222 0.25 
252369 0.25 
2N2646 0.55 
2N2905 0.37 
252906 0.28 
2N2907 0.21 
2529260 0.13 
253053 0.25 
2N3054 0.50 
2N3055 0.65 
2N3391 0.29 
2N3392 0.14 
2N3393 0.15 
253440 0.57 
2N3442 1.20 
2N3638 0.15 
253702 0.17 
253703 0.16 
253704 0.15 
.'N3706 0.14 
253708 0.14 
2N3714 2.45 
253716 2.80 
253771 1.60 
253773 2.65 
253789 2.60 
253819 0.36 
253820 0.29 

Prices correct 

SEMICONDUCTORS 
stocks, please 
253904 0.21 
253906 0.22 
2N4058 0.20 
254062 0.18 
2N4921 0.60 
2N4923 0.70 
255245 0.29 
255294 0.35 
2N5296 0.38 
255458 0.26 
2N5459 0.29 
256027 0.45 
3N128 0.80 
35140 1.00 
3N141 0.85 
35200 2.60 
40361 0.45 
40362 0.48 
40406 0.48 
40407 0.38 
40408 0.50 
40409 0.55 
40410 0.55 
40411 2.30 
40594 0.75 
40595 0.55 
40636 1.15 
40673 0.73 
AC126 0.37 
AC127 0.44 
AC128 0.37 
AC151 0.35 
AC152 0.50 
AC153 0.40 
AC176 0.40 
AC187K 0.46 
AC188K 0.45 
AD161 0.75 
AD162 0.75 
AF106 0.45 
AF109 0.45 
AF115 0.65 
AF116 0.65 
AF117 0.65 
AF118 0.85 

at 16th November 

enquire 
AF124 0.65 
AF139 0.69 
AF239 0.74 
AF279 0.80 
AF280 0.55 
A1102 1.50 
BC107 0.14 
BC109 0.15 
80147 0.10 
80149 0.13 
BC157 0.12 
BC158 0.11 
BC167 0.12 
BC168 0.12 
BC169 0.12 
BC182 0.11 
BC182L 0.14 
BC183 0.11 
8C1831 0.14 
BC184 0.12 
8C1841 0.14 
BC212 0.14 
502121 0.17 
8C213L 0.16 
BC214L 0.17 
BC237 0.14 
8C239 0.18 
BC257 0.17 
BC259 0.18 
BC301 0.45 
8C307 0.20 
8C308 0.16 
BC309 0.25 
BC327 0.20 
BC328 0.19 
BC407 0.25 
BC408 0.25 
BC409 0.25 
8C440 0.45 
8C441 0.45 
BC480 0.55 
50461 0.55 
BC477 0.35 
8C478 0.35 
BC479 0.35 

1976, but 

(A very small 
about 

BC547 0.12 
BC548 0.10 
BC549 0.13 
BC5498 0.14 
BC549C 0.14 
8C557 0.13 
BC558 0.12 
BC559 0.14 
BCY70 0.25 
BCY71 0.26 
BCV72 0.24 
80115 1.20 
50121 2.00 
80123 2.00 
BD124 2.00 
80131 0.51 
80132 0.54 
BD135 0.42 
BD136 0.42 
BD137 0.46 
80138 0.46 
BD139 0.50 
80159 0.50 
BD181 1.10 
BD236 0.40 
130438 0.76 
BF115 0.36 
BFI 17 0.70 
8F154 0.25 
BF180 0.36 
BF181 0.36 
BF784 0.35 
BF194 0.12 
BF196 0.13 
BF197 0.14 
BF198 0.15 
BF244 0.35 
BF258 0.49 
BF259 0.49 
BFS98 0.27 
BFR39 0.24 
BFR79 0.24 
BFX29 0.36 
BFX30 0.38 
8FX34 0.60 

please add V.A.T. 

selection 
devices not 

BFX84 0.38 
BFX85 0.41 
BFX88 0.32 
BFY50 0.30 
BF051 0.36 
8FY52 0.38 
BRY39 0.50 
ME0402 0.20 
ME0412 0.20 
ME4102 0.10 
MJ480 1.35 
MJ481 1.55 
MJ490 1.35 
MJ491 1.50 
MJ2955 1.26 
MJE340 0.58 
MJE370 0.82 
MJE371 100 
MJE520 0.90 
MJE521 1.00 
MJE2955 1.40 
MJE3055 0.85 
MP8113 0.45 
MPF102 0.30 
MPSAO5 0.20 
MPS406 0.20 
MPSA55 0.20 
MPSA56 0.20 
01028 2.00 
0C42 0.50 
0C45 0.76 
TIP29A 0.50 
TIP29C 0.75 
TIP31A 0.62 
TIP32A 0.75 
TIP33A 1.00 
TIP34A 1.20 
TIP35A 2.50 
TIP36A 3.55 
TIP41A 0.70 
TIP42A 0.90 
T1P2955 1.00 
TIP3055 0.50 
TIS43 0.30 
TIS91 0.25 

Post & Packing 

from 
listed.) 

ZTX300 0.15 
071(301 0.15 
ZTX500 0.15 
2TX501 0.15 
21X502 0.18 
IN916 0.07 
154007 0.18 
IN4148 0.07 
154504 0.18 
155408 0.40 
AA119 0.14 
BA102 0.15 
BA145 0.19 
8A154 0.10 
54155 0.12 
081038 0.20 
881048 0.34 
80126 0.27 
80127 0.29 
BYZ11 0.70 
BYZ12 0.70 
0A47 0.10 
0A90 0.06 
0A91 0.06 
04200 0.08 
BY164 0.57 
ST2 Mac 0.20 
40669 1.00 
TIC47 0.38 
C106D 0.65 
OPR12 0.70 
400MW Zeners 
?v7_4d7v0.11 
Siemens LEDS 
Small red 
green, yelluirv 
24p. 
Large - red 
green. yeuo« 
24p 
Extra 8,9h, 
Urrte45p 
Opt000upler 
ON25E1.t0 
In1ra Red di0de 
E100. 

30p 

CATALOGUE 

STEREO DISC AMPLIFIER 2 
Magnetic cartridge to balanced lines with the highest quality. Mains powered. Lower 
distortion and continued attention to cartridge impedance interaction effects. 
The square wave distortion figure 4 is a revealing guide to performance on assymetrical 
signals and transient intermodulation distortion. 
*T Holman "New Factors in Phonograph Preamplifier Design" JAES Vol. 24 No. 4, 
Mat, 1976. 
1 KHz tt ÇmV set for OdBV.7 output. loaded 600 ohms. 

Distortion 
Output OdBV.7, 30Hz - 20KHz below noise. 

Output + 10dBV.7, 30Hz - 20KHz below noise. 
Output +20d8V.7, 1 KHz 0.004 %: 30Hz - 20KHz 0.008 %. 

Interrllodulation distortion 50Hz + !KHz. 4 1 Output + 10d8V.7 0 003% limit. of 
measurement 
Square wave distortion. Pre -emphasised 1 KHz square wave input, 600mV pk -pk. 
Even harmonic generation -70dß any harmonic. 
Cartridge impedance interaction on frequency response. 
High inductance cartridge, 200mH. Less than 0 2dB 
Low frequency response 
18dB /octave -3dB / 24Hz 
Group delay relative to 3KHz - 15ms © 30Hz 
Noise 
Short circuit input -70dBV.7 20Hz - 20KHz mean reading meter 
Cartridge source, lOOmH -67dBV.7 

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

SCIENTIFIC CALCULATOR SALE! 
TEXAS SR62- Magnetic card programmable calculator, 224 steps. 9 levels of brackets. subroutine 
capabilities. indirect add ressing. branching editing and "debugging . pre-programmed 'IF Statements. 
decrement and skip on zero. user defined flags, 72 labels, 10 digit mantissa, 2 digit exponent. supplied 
with adaptor /charger, carry case and instruction manuals plus 20 blank magnetic cards @ E165 ins. VAT. 
Programme libraries. stets. maths. electrical engineering @C2! inc. VAT 

TEXAS ßR66. 10 digit mantissa. 2 digit exponent. 10 data memory register. 100 
programme steps, 9 levels of brackets. 7 branching instructions. 2 loop control instructions. 4 
subroutine levels. 5 programme levels. easy editing 26 preprogrammed key functions @ 
E58.32 Inc. VAT 

TEXAS SR51.11 -New engineering notation displays scientific notation exponents as multiples of 3. 
Degrees. Radians. grads. a better independent linear regression line, a direct key to compute the 
correlation coefficient for analysis of two-dimensional stat data 9 levels of brackets. 5 pending 
operations. 8 digit mantissa. 2 digit exponent 0E47.42. 

T130 @ E15.95. T141 (Financial @ E30.45; 2550 -11 @ 024.49; 1650 @ E16 -49 
(M + %I. slim 6 rechar.) 
PC100 PRINTER FOR SR52 /ßR56- rrints out entire programme. print calculate 
mode results, prints instructions or results without halting programme execution, trace __ programme execution step for error detection @ 0176, 4148 @ E2ß.95, 4190 /5190R 

47E35.92. CASIO FX201P -II memories, 127 steps ( progeammable) @ 049.95, 4 fraction calms ALB 
E13.95. ALI0 0 E16.40. FX19 (6 +2) 0E16.95, FX1O2 (8 +2) @ 618.40. HEWLETT PACKARD- 
21 @ E60, 22 @ E95, 25 @ E109, 25C p E163, 27 @ E130. 67 @ E340. 97 @ E622. 
NOVUS 4520 @ E22.50, 4525 0E34.90. 6030 @ E16.30. REALTONE SC6010 -13 memories. 2 

levels of brackets. scientific / statistical, rechargeable @ E45, SC60 as SC6010 but with 3 memories @ 

E34. ROCKWELL. 64RD @ E22.42, 44RD @ E19.20. 
E4 UNIQUE STEREO CLOCK RADIO @ E39.50 Inc VAT P +P @ I t SAE for full 
details. All Prices include VAT at 8% + P&P (Some calculators sot:peer to currency 
fluctuation). If VAT increases add difference Export enquiries welcome. We can beat any 
scientific calculator price offered elsewhere. 
c.W.O. to KRAMER d CO.. 9 OCTOBER PLACE, HOLDERS HILL ROAD, 

LONDON NW4 TEJ. TEL: 01 -203 2473. TELEX: 888941 ATTN. KRAMER. 

THE O - EN DOOR TO QUALITY 

i' 

cio A.uE 
EI.E 

catalogue 

This catalogue - Electrovalue Catalogue No. 8 (Issue 2, up- dated) offers 
items from advanced opto- electronic components to humble (but 
essential) washers. Many things listed are very difficult to obtain 
elsewhere. The company's own computer is programmed to expedite 
delivery and maintain customer satisfaction. Attractive discounts are 
allowed on many purchases; Access and Barclaycard orders are accepted. 

+ FREE POSTAGE on all C.W.O. mail orders over £2.00 list value 

(excluding V,A.T.) in U.K. If under, add 15p handling charge. 

ELECTRO ALOE LTD 

144 pages 

40p 
Post paid 

inc. refund 
voucher worth 

40p 

Postal communications to Dept. WWIO, 18 ST. JUDES ROAD, ENOLEFIELD 
GREEN, EGHAM, SURREY TW20 OHS. Phone Eghem 3603 Telex 284475 
Shop ',ours 9 -5 30. I pm Sato.. both branches 
NORTHERN BRANCH: 680 Bump@ Lana, Bumage, Manchester M19 1NA. 
Phone (067) 432 4945 
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DRILL CONTROLLER 
Electronically changes 

speed from approx. 
mately 10 revs to 

maximum. Full power at 
all speeds by finger -tip control 

Kit includes all parts, case, 
everything and full instructions. 

E3.45 including post & VAT. 
Made -up model E1.00 extra. 

NUMICATOR TUBES 
For digital instruments. counters. timers, clocks, etc 
Hi -vac %NII. Price E1.25 each. inc Post and VAT 

RADIO STETHOSCOPE 
Easiest way to fault find. traces -signal from 
aerial to speaker, when signal stops you ve 
found the fault. Use it on Radio. TV. 
amplifier. anything Complete kit comprises 
two special transistors and all parts 
including probe tube and crystal earpiece, 

E2.95 twin stetho -set instead of earpiece 
inc. VAT & Postage. 

MULLARD UNILEX 
A mains operated 4 + 4 stereo system Rated one of the 

finest performers in the stereo field this would make a 
wonderful gift for almost any one In easy -to- assemble 
modular form this would sell at about £30 - but due to a 
special bulk buy and as an 

n 
entive for you to buy this 

month we offer the system complete at only E14.00 
including VAT and postage 
SPECIAL OFFER: Pair of 8" Celestion 15 wart speakers. 
normally £8.00 - yours for E3.00 if you buv the Urilex 

GPO PUSH -BUTTON DIALLING UNIT 
Will take the place of the normal rotating dial. has 10 numbered keys. so suitable 
for other digital systems A desk mounting unit nth rubber feet. this is a very 
nu cate and e pens e ere of apparatus New and unused - our price only £9 

each including post and VAT 

SALE LIST FREE 
SEND SAE 

SWITCH TRIGGER MATS 
So thin is undetectable under carpet but will 
switch on with slight pressure. For burglar 
alarms. shop doors. etc 
24in. x 18in. £2.33, post & VAT 30e 13in 
e 10in. E1.85. post & VAT 25p 

MAINS TRANSISTOR PACK 
Designed to operate transistor sett and amplifiers Adjustable 
output 6v., 9v . 12 volts for up to 500mA (class B working). 
Takes the place of any of the following batteries PP1. PP3, 
PP4. PP6. PP7. PP9 and others. Kit comprises main 
transformer rectifier. smoothing and load resistor condensers 
and instructions. Real snip at only E1.90 including Post & 
VAT. 

TWIN OUTPUT POWER PACKS 
These have Iwo separately R C smoothed outputs so can operate Iwo baiter,' 
radins un a stereo amp without cross modulation they will of course operate 

x radio rape r. relator in fart any battery appl ante and will 

n7save 

their c. aeli -w rit months) Specs Full w er ht canon double 
sulated n transformer 

- 

total enclosed r it a hard PVC - three 
mains lead reaimn:il output - when ordering please state output voltage 

r 

core 
by 7',v To 12v tir -'. I. yr ire E3.55. Post and VA tir hided 

MOTORISED DISCO SWITCH 
With six 10 amp changeover switches, adjustable over 360" 
switches are rated at 10 amp each so a total of 2000w 's can 
be controlled and this would provide a magnificent display 
for mains operatm9 E4.25 Post & VAT paid 
Ditto 9 switch E4.95 Post & VAT paid. 
Ditto but 12 switch E5.75 Post & VAT paid 

MAINS MOTOR 
Precision made - as used in 
record decks and tape recorders - ideal also for extractor fans 
blower heaters etr New and 
perfect. Snip at SSp + VAT & 
Postage 35p 
I" stackmotor £1.50 + VAT & 
Postage 35p 11/2" s arkmotnr 
E2 + VAT & Postage 40p 

WINDSCREEN 
WIPER 
CONTROL 
Vary speed of your wiper to suit 
odorons. All pans and instruc. }Va. 

nuns to make E3.75 plus post tr.i; 
and VAT 

MULLARD THYRISTOR TRIGGER MODULE 
This produces pulses for phase control triggering Pi has two isolated 
outputs, so one thyristor or two thyristor (in separate arms of bridge) 
may be controlled by one module. The timing circuit is synchronised to 
the mains frequency and control s by an external v 

a 

riable resistor or 
from a voltage or current source Provision is made for feed -back where 
automatic control is required. Price E5.95. 

THIS MONTH'S SNIP 
250 WATT TRANSFORMER 
Heavy duty power transformer which can be used for many purposes Rated at 250 watts it is very well 
built with frames for upright mounng and is varnish impregnated Its n ary is for 230.240 volts 51. 
cycles it has four secondaries each 10v very high current windings Just a few of the circuts It can power 

e 10 -0.10v at up to 12 amps. 20.0.20v at up to 6 amps. single 1 Jv at 25 amps. single 20v at 12'i 
amps single 30v at 9 amps. single 40v at 6 5 amps The transformer can be used foi power circuits 
(charging. etc ) or for amplifiers, there being an earth screen between primary and secondaries A 
transformer like this today would cost at least t 15 tram the makers however we are making a rotti uri 

offer at E4.50 + 36p. post £ 1 + 8p each Grab some while you can, our stock may not last lung 

MAINS TRANSFORMERS 
All standard 230.250 volt primaries 
Iv l amp (special) 
2 4v 5 amp 

2 amp 
3 amp 

1 amp 
3 5 amp 
lh amp 
1 amp 
lamp 
lamp 
2 amp 
3 amp 
50mA 
50mA 
' amp 

'/. amp 
2 amp &63v tamp 

5 amp & 5v 1 amp 
8 amp 
37 amp 
4 amp 

1 5 amp 
3 agrp 

6.3v 
63v 
9v 
9v 
12v 
12v 
6 5v -0 6 by 
18v 
24v 
24v 
12 0 -12v 
6 0 -6v 
8.0 -8v 
25v 
50v 
60v 
27v 
30v 
80v tapped 75v & 70v 
250v.60mA & 6 3v 
215 -0 275v at 90mA & 6 4v 
EHT Transformer 5000v 

23mA 
Charger Tronafan.s.ea 
by and 12v 
6v and 12v 
6v and 12v 

P 

2.33, 
1.05 
1.57 
2.15 
1.15 
3.13 
1.56 
1.25 
1.65 
1.65 
2.62 
4.76 
1.66 
1.56 
1.85 
2.44 
5.63 
9.35 
5.63 

27.50 
6.87 
2.19 
2.82 

(intermittent) 6.87 

amp 
3 amp 
5 amp 

Add 30p per E1 to cover poabge cod VAT 

1.87 
2.82 
4.26 

INFRA RED BINOCULARS 
Made for military purposes during and immediately after 
the last war to enable snipers. vehicle drivers. etc to see in 
the dark. The binoculars have to be fed from a high 
voltage source (5KV approx.) and prowcing the objects 
are in the rays of an infra red beam then the bnoculars will 
enable these objects to be seen Each birocular eye tube 
contains a complete optical lens system as well as the infra 
red cat), technical data on which is available The 
binoculars are unused, believed to be in good order. In 
fact they were never issued and are still et original cases, 

but since they were made a long time ago they can hardly be called new Sold without guarantee Price 
E17.50 per set. Post 6 VAT £2 50 

11 

MULTI -SPEED MOTOR 
Six speeds are available 500. 850 and 1.100 
rpm and 8.000. 12.000 and 15.500 r p.m. 
Shaft is 'Ain diameter and approximately 1 in. 
long 2301240v Its speed may be further 
controlled with the use of our Thyristor 
controller Very powerful and useful motor. size 
approx 2m die x 5m long Price E2.00 
including post & VAT 
SPEED CONTROL SWITCH 50p + 4 

EXTRACTOR FAN 
Cleans the air at the rate of 10.000 
cubic feet per hour Suitable for 
kitchens. bathrooms. factories. 
changing rooms. etc trs so quiet it 
can hardly be heard. Compact. 
51/2" 

a 
sing comprises motor. fan 

blades sheet -steel casing. pull 
switch. mains connector and fixing 
brackets. E5.25 including post & 
VAT. 
Monthly list available free, send 
long stamped envelope. 

SMITHS CENTRAL HEATING CONTROLLER 
pushbutton gives 10 variatrona as follows (1) continuous hot water and continuous central heating (2) 
contonuous hot water but central heating off at raght (3) continuous hot water but central heating on only 
for 2 periods during the day (4) hot water and central heating both on but day time only (5) hot water all 

day but central heating only for 2 periods during the day (6) hot water and central 
heating on for 2 periods during the day time only - then for summer time use with 
central heating off (7) hot water continuous (8) hot water day time only (9) hot 
water twice daily (10) everything off 

handsome looking unit with 24 -hour movement and the switches and other parts 

necessary to select the desired programme of heating. Supplied complete with wiring diagram. Originally 
sold we believe at over E15 - we offer these. while stocks last at E7.50 each including VAT 6 Postage. 

SPIT MOTOR WITH CARTER 
GEARBOX 
Probably one of the best spit motors made Ongnad, 
intended to be used in very high priced cookers however 
this can be put to plenty of other uses. for instance yo... 
garden barbecue or to drive a colour disc for a dance . 

display or to dnve a tumbler for stone polishing, in fact. th.ri 
is no end to its uses Normal mains operation £3.25 
including post & VAT 

SOUND TO LIGHT UNIT 
Add colour or white light to your 
amplifier. Will operate 1. 2 or 3 
lamps (maximum 450W) Unit in 
two all ready to work £3.95 plus 
95p VAT & Postage 

28 R.P.M. GEARED MAINS MOTOR 
This is a substantial motor (1" stack induction type) quite 
powerful. definitely large enough to dnve a rotating display 
or a tumbler for polishing stones etc. Approximate overall 
size 4" x 31/4" x 21/2" these are ex- unused equipment, 
carrying our normal ex -equipment guarantees. 
PRICE E2.95 POST & VAT PAID. 

GLAMORISE YOUR ROCKS 
The may to make rock samples. stamps etc really show 
themselves off is to light them by means of our miniature UV 
tube. This is only 6w's so the electricity costs are negligible 
Complete kit comprises UV tube and ris 2 mounting holders 
control choke.and starter. 
Total price E4.75 POST 6 VAT PAID 

SHORTWAVE CRYSTAL SET 
Although this uses no battery it gives really amazing results You will receive 
an amazing assortment of stations over the 19. 25, 31. 29 metre bands - Kit 
contains chassis front panel and all the parts. £1.50 - crystal earphones 55p 
including VAT & Postage. 

SMITHS 24-HR. TIMER HEART 
Really the ' Autoset ' without its plastic case This is a 24 -hr 
twice on twice off. clock switch which will repeat until 
reprogrammed Switches rated at 15 amps. Limited 
supplies -E4.45 Including VAT & post 

TANGENTIAL HEATER UNIT 
This heater unit is most efficient and quiet running Is as lined in Hoover 
and blower heaters costing £15 and more Comprises motor. impeller 
2kW element and 1kW element allowing switching 1. 2 and 3kW and 
with thermal safety cut-put Can be fitted into any metal line case or 
cabinet. Only needs control switch E5.92 plus VAT & post kt, 2kW 
Model as above except 2kW E4.25 plus VAT & post 75p. Don't miss 
this. Control switch 44p. P&P 40p 

PAPST MOTORS 
West German make, these fine motors are noted for their performance and reliability Special features are 
the rotating Ijeavy outer which acte as a flywheel to eliminate wow and flutter and swnchable reversing. 

TELESCOPIC AERIALS 
for portable. car radio or 

transmitter. Chrome plated - 
six sections, extends from 7'h to 

47m. 50p + 15p Post & VAT 
KNUCKLED MODEL FOR F M 80p + 1lp 

Post & VAT. 

SPEED CONTROLLED 9V MOTOR 
This is a motor with a governor 9v operation intended for 
record players,and tape recorders. These are reversible and 
electro magnetically and acoustically screened Site approx 
1'h" diameter by 1" deep with good length spindle 
Japanese made. portable replacement in a good many 
popular cassette and record players. 
PRICE 95p inc. POST & VAT. 

We have four types in stock. all 1.350 revs. including starting capacitor. 
(1) Reference No KLZ 20150 -4 230 volts 50HZ. Price E5.50 
(2) Reference No KLZ 32 50-4 230 volts 50HZ. Price E5.50 
(3) Reference same as above 1 1 5 volts 50HZ. Price E2.50 
(4) Reference same as above 110 volts 60HZ. Price E2.50 
Post and VAT 80o each extra 

J 

PRESSURE SWITCH 
Containing a 15 amp change over switch 
operated by a diaphragm which in turn is 
operated by air pressure through a small 
metal tube The operating pressure is 

but is set to operate in approx s 
10in of water These are quite low pressure 
devices and can in fact be operated simply by blowing into 
the inlet tube Original use was for washing machine to turn 
off water when tub had reached correct level but no doubt 
has many other applications E1.95 including post & VAT 

DC HIGH CURRENT PANEL METERS 

31/2" wound wide angle 240' movement 
meters, flush mounting fitted with external 
shunts made by Crompton Parkinson. brand 
new. 'stll in maker s canons. These are a 
real bargan at E5.00 each including post & 
VAT Reasonable quantities available in the 
following ranges 0 -10 amps. 0.20 amps 
0 -30 amps. some 100 amp but less Shunts 
£5.00. 

ROOM THERMOSTAT 
Famous Satchwell, elegant design, intended for well mounting. Will switch up to 20 amps, 
at mains voltage. covers the range 0-30.C. Special snip this month. £2.50, post & VAT paid' 

NEED A SPECIAL SWITCH 
Double Leaf Contact. Very 

'slight g pressure doses both 
C2(11 contacts 12p Plastic tl each 

L suitable for operating 1Op each. 10 for 68p 

ISA ELECTRICAL PROGRAMMER 
Learn in your sleep Have radio playing and kettle boiling as you awake - 
switch on lights to ward off intruders - have a warm house to come home to. 
All these and many other things you can do if you invest in electrical 
programmer. Clock by famous maker with 15 amp on /oft switch 

an 

time can be set anywhere to stay on up to 6 hours Independent 60 minute 
memory logger. A beautiful unit. Price £2.95, VAT & postage 60p. or with 
glass front. chrome bezel. E1.50 extra. 

MULLARD AUDIO AMPLIFIERS 
all in module form. each ready built complete with heat sink. 

and connection tags. data supplied 
Model 1153 500mW power 
output. E1.50 including post & 
VAT 
Model 1172 1w power output 
E1.55 including post & VAT 
Model EP9000 4 watt power. 
output E2.90 including post & 
VAT 
EP9001 twin channel or stern 
pre-amp. £2.90 including post & 
VAT 

THERMOSTAT WITH 
THERMOMETER 
Made by Honeywell for normal air 
temperatures 40-80 F (5-25 C). This is 
precision instrument with a differential 
which can be adjusted to better than 1 5 F. 
A mercury switch breaks on temp rise 
Elegantly styled and encased in an ivory 
plastic case with clear plastic windows. 
thermometer above end switch setting scale 
below - size approx. 3 8i'x3 2 "x1 4" 
deep - can be mounted on conduit box or 
directly on wall. Price E2.25 plus 50p Post 
& VAT. 

AEROSOL RELEASE LUBRICANT 
Dry Film Lubricant In aerosol can for easy application and for putting lubricant into places where the 
normal oil can cannot reach Home and everyday uses We have purchased a large quantity of these from 
the Liquidator and are able to offer them to you for about half of the original list prie' 88p per gor can 
or 12 cans for E3, post paid The lubricant is I C I fluon 1169 

MORE CENTRAL 
HEATING CONTROLLERS 
Handel( £6.50 inc. post & VAT 
Horstman E5.00 inc. post & VAT. 

Terms: When order under £5 
please add 40p to offset hand- 
ling and packing charges. Cash 
with order except Institutions 
and Public Companies. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.), 103 TAMWORTH ROAD 

CROYJON CRO 1XX 



108 Wireless World, January 1977 

Trilby 
7400 18p 
74H00 28p 
74S00 45p 
74LS00 30p 
7401 18p 
7402 18p 
7403 16p 
7404 23p 
74H04 38p 
7405 25p 
7406 43p 
7407 38p 
7408 22p' 
7409 22p 
7410 18p 
74H10 28p 
7411 24p 
7412 25p 
7413 38p 
7414 75p 
7416 33p 
7417 36p 
7420 18p 
7421 40p 
7422 
7423 37p 
7425 30p 
7427 37p 
7428 36p 
7430 18p 
7432 30p 
7437 30p 
7438 30p 
7440 1!p 
7441 75p 
7442 70p 
7443 140p 
7444 140p 
7445 140p 
7446 140p 
7447 85p 
7448 80p 

7451 top 
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 80p 
7484 110p 
7485 120p 
7486 34p 
7489 320p 
7490 40p 
7491 65p 
7492 55p 
7493 40p 

TEXAS 
7494 90p 
7495 70p 
7496 84p 
7497 340p 
74100 120p 
74104 55p 
74105 55p 
74107 38p 
74109 89p 
74110 55p 
74111 90p 
74112 98p 
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 180p 
74148 180p 
74150 140p 
74151 72p 
74153 85p 
74154 150p 
74155 90p 
74156 90p 
74157 90p 
74158 140p 
74159 190p 
74160 104p 
74161 104p 
74162 104p 
74163 104p 
74164 120p 
74165 220p 
74166 128p 
74167 340p 
74170 2SOp 
74173 180p 
74174 120p 
74175 85p 
74176 120p 
74177 100p 
74180 110p 
74181 288p 
74182. 82p 
74185 150p 
74186 820p 
74190 185p 
74191 165p 
74192 120p 
74193 180p 
74194 120p 
74195 95p 
74196 120p 
74197 120p 
74198 210p 
74199 210p 

C-MOS I.Cs 
CD4000AE 20p 
CD4001AE 20p 
CD4002AE 20p 
CD4006AE 95p 
CD4007AE 2Op 
CD4009AE 61p 
CD4011AE 20p 
CD4012AE 20p 
CD4013AE 55p 
C34015A£ 90p 
CD4016AE 50p 
CD4017AE 100p 
CD4018AE llOp 
CD4019AE 52p 
CD4020AE 120p 
CD4022AE 100p 
CD4023AE 22p 
CD4024AE 800 
CD4025AE 22p 
CD4026AE 170p 
CD4027AE 65p 
CD4028AE 98p 
CD4029AE 120p 
CD4030AE 55p 
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 
CD4081AE 21p 
CD4082AE 27p 
CD4510AE 130p 
CD4511AE 160p 
CD4516AE 112p 
CD4518AE 130p 
CD4528AE 120p 
MC14553 525p 

TEXAS 75 SERIES 
75107 
75450 
75451 
75452 
75453 
75454 

160p 
120p 
72p 
72p 
72p 
72p 

TEXAS DTLs 
930 36p 
936 40p 
946 40p 
955 60p 
962 36p 
963 40p 

1458 
301A 
3130 
3900 
536T 
709 
741 
747 
748 
776 

OP. AMPS 
Duel Op. Amp. Int Comp 
Ext. Comp. - 

COSMOS /Bi -Polar MosFet 
Clued. Op. Amp. 
FET Op- Amp. 
Ext. Comp. 
Int. Comp. 
Dual 741 
Eat Comp 
Programmable Op Amp. 

8 pin DIL 

8 pin DIL 

8 pin DIL 

14 pin DIL 

TO -99 
8/14 pin DIL 

8/14 pin DIL 

14 pin DIL 

8/14 pin OIL 

TO -5 

7Op 
36p 

100p 
70p 

275p 
30p 
22p 
lop 
38p 

140p 

LINEAR I.C.s 
*AY- 1-0212 Tone Generator 16 pin DIL 

*CA30284 Did. Cascade Amp. 705 
ICA3046 5 Transistor Army 14 pin OIL 

*C43048 Clued. Low Noise Amp 16 pm DIL 

*C43053 Did. Cascade Amp 705 
7'Á3080E Op Transcond Amp. 8 pin DIL 

*CA3089E FM IF System 16 on OIL 

íG43090 FM stereo Multi. Dec 16 pin DIL 

ICL8038BC VCO Fun. Gen 14 pin OIL 

ICL8038CC VCO Fun Gen. 14 pin OIL 

*LM380 2W Audio Amp 14 pm OIL 

*LM381 Stereo Preamp 14 pin DIL 

* M389N Aud Amp -I-3 Tm. Array 18 pin DIL 

M12S2 Rhythm Generator 16 pin OIL 
*MC131OP FM Stereo Dec. 14 pm DIL 

AMC1351P Lim /Det. Aud Preamp 14 pin OIL 

MC1495 Muhiplier 14 pin DIL 

*MC1496L Bel Mod /Demod. 14 on DIL 

AMC334OP Electronic Attenuetor 8 pm OIL 
AMFC400013 1/4W Audio Amp. PC8 
*NE540L Audio Pwr driver 1099 

NE555 Timer 8 pin OIL 
NE558 Duel 555 14 pm DIL 
NE561 PLL with AM Demod. 16 pin OIL 

NE562 PLL with VCO 16 pin DIL 

NE565 PLL 14 pin OIL 

NE566 PLL Fun. Gen. 8 pin OIL 
NE567 PLL Tone Dec. 8 pin DIL 

2567 Dual 567 16 pin DIL 

SN72710 Did. Comparator 14 pin DIL 
*SN72733 Video Amp. 14 pin DIL 

*SN76003N Pwr Aud Amp with rnt HS 16 pin OIL 

*SN76008 IOW Amp in 4 ohms 5 pin Plastic 
*5N76013N Pwr Aud Amp with int HS 16 pin OIL 
Á5N76018 10W Amp in 8 ohms 5 pin Plastic 
*SN76023N Pwr Aud Amp with Mt HS 16 pm DIL 

*SN76033N Pwr Aud Amp mph int HS 16 pm DIL 
*7ÁA621 A Aud Amp for N OIL 
*TÁÁ661B FM IF Amp- Limiter /Det. OIL 
*7BA6418 Audio Amp. OIL 
*784651 Tuner Si IF Amp 16 pin DIL 

*TBA800 5W Audio Amp. OIL 
*T84810 7W Audio Amp OIL 
*T84820 2W Audio Amp OIL 
*TDA2020 20W Audio Amp OIL /DIL 

X82240 Prog. Timer /Counter 16 pin DIL 
*ZN414 TRF Radio Receiver 10-18 
Banc nets sheets on above al 20p each + S. A E 

600p 
95p 
70p 

200p 
60p 
90p 

225p 
400p 
550p 
340p 
99p 

175p 
130p 
ab0p 
190p 
97p 

300p 
í00p 
140p 
7op 

140p 
40p 

í00p 
425p 
425p 
200p 
2oop 
200p 
370p 

6 
120p 
245p 
25Op 
140p 
250p 
140p 
23op 
225p 
120p 
260p 
200p 
Sop 

100p 
60p 

325p 
370p 
110p 

OPTO- ELECTRONICS 
Phototransistors L.D,Ro 
OCP70 30p ORP12 
OCP71 120p ORP60 
2N5777 48p ORP61 

LEDS 0.2r' 
TIL209 Red 16p Red 
TIL211 Green 34p Green 
TIL32 Infrared 75p Yellow 

80p 
75p 
78p 

18p 

30p 

MEMORIES 
2602B 1024 bi RAM 
251 3(UC) Character Generator 

E2.50 
£8.50 

LQW PRORLE DIL SOCKETS BY TEXAS 
If pin 13p, 14 On 140, 16 Din 15p, 24 pin 50p. 
40 pin 75p, 28 pin bop, 18 pin 36p. 

SEVEN SEGMENT DISPLAYS 

3015F 0.3" Red 180p 
DL704 0.3" Red 140p 
DL707 0.3" Red 140p 
D1747 0.3" Red 225p 

Xenon: 
0.3" Green 
0.3" Green 
0.6" Green 

Drivers: 75491 84p 75492 

160p 
160p 
225p 

96p 

AC125 20p 
AC126 18p 
AC127 lap 
AC128 l5p 
AC141 lap 
AC142 18p 
AC176 lap 
AC187 18p 
AC187K 25p 
AC188 1ap 
AC188K 25p 
AD149 49p 
AD161 36p 
A0162 36p 
AF114 2op 
AF115 20p 
AF116 20p 
AF117 20p 
AF127 26p 
AF139 43p 
AF239 48p 
9C107/8 ap 
BC108/B 9p 
BC109/B lOp 
BC109C 12p 

tBC117 22p 
*8C147 9p 
*90148 9p 
*BC149C 10p 
*80157 llp 
*BC158 lOp 
*BC159 llp 
*8C169C 12p 
*BC172 lip 
BC177 l8p 
8C178 17p 
8C179 18p 

*BC182 10p 
*8C183 10p 
*BC184 llp 
BC187 30p 
*BC212 11p 
166C213 lOp 
*BC214 14p 
BC478 30p 
BCY70 lip 
BCY71 22p 
80124 90p 
80131 36p 
BO132 40p 

*8D135 48p 
*BD136 50p 
*80139 62p 
ABD140 58p 
BDY20 100p 
BDY56 160p 
8E115 22p 
10167 23p 
BF170 23p 
6E173 25p 
8E177 28p 
8E178 26p 
8E179 33p 
8E180 33p 
BF184 22p 

*9F194 lOp 
*eF195 9p 
ABF196 14p 
*8F197 15p 
8E200 32p 
8E257 32p 
BF258 36p 

ABFR39 30p 
*8FR40 30p 
*BFR79 30p 
*BFR80 30p 
*BFR88 309 
BFX30 34p 
BFX84 30p 
BFX85 30p 
BFX86 309 
BFX87 30p 
BFX88 30p 
BFY50 15p 
BFY51 16p 

TRANSISTOR 
BFY52 16p 
BRV39 45p 
BSX19 20p 
85X20 20p 
*9U105 140p 
BU108 250p 

ANUE340 45p 
MJ2955 120p 
MJE2955 120p 
MJE3055 70p 
*MPS6534 25p 
*MPSA06 30p 
*MPSA12 50p 
*MPSA56 32p 
*MPSUO6 62p 
*MPSU56 78p 
0C28 75p 
OC35 75p 
OC36 75p 

40071 20p 
*TIP29A 40p 
*TIP29C S5p 
*TIP30A 48p 
*TIP30C 50p, 

T1P31A 52p 
TIP31C 52p 
TIP32A 58p 
TIP32C 82p 
TIP33A 90p 
TIP33C 115p 
TIP34A 115p 
TIP34C 180p 
TIP35A 225p 
TIP35C 290p 
TIP36A 270p 
T1P36C 340p 
TIP41A 65p 
TIP418 70p 
TIP41C 78p 
TIP42A 70p 
TIP42B 76p 
TIP42C 82p 
TIP2955 78p 

*TIS93 30p 
*21X108 10p 
42TX300 13p 
*27X500 15p 
*ZTX502 18p 

284574 190p 
28697 22p 
2N898 36p 
28706 20p 
28708 20p 
2N918 40p 
2N930 18p 
2N1131 18p 
2N1132 18p 
2N1304 45p 
251305 45p 
2N1306 45p 
2N1307 45n 
251308 40p 
281309 40p 
281613 25p 
251711 25p 
2N1893 30p 
2N2219 20p 
2N2222 20p 
2N2369 14p 
2N2484 30p 
2N2904/A 25p 
2N2905/A 25p 
282906/A 24p 

*2529268 7p 
*2N2926B 7p 
*2529260 ap 
*2529261' Op 
*2N2926G ap 

2143053 lap 
2N3054 60p 
2N3055 50p 
2N3439 67p 
2N3442 140p 

*253702 12p 
*253703 120 

S 
42N3704 12p 
*2013705 12p 
*2N3706 12p 
*2N3707 12p 
*2N3708 12p 
*203709 12p 
2N3773 250p 
2N3866 90p 

*2N3903 150 
*203904 160 
*2013905 20p 
*203906 lep 
*254058 16p 
*2N4059 10p 
*204060 13p 
*2N4123 22p 
*2N4124 22p 
*2N4125 22p 
*2N4126 22p 
*254289 20p 
2N4347 130p 
2N4348 160p 

*254401 27p 
*254403 27p 
204427 90p 

í2N5089 27p 
2N5296 55p 

*2N5401 50p 
206034 1600 
206107 65p 
206247 1600 

(Comp to 2N30551 
206254 1300 
2N6292 85p 
40360 40p 
40361 45p 
40362 45p 
40364 120p 
40409 65p 
40410 65p 
40411 
40594 880 
40595 87P 

PET. 
*6F244 
*MPF102 
*MPF103 
44PF104 
AMPF105 
*2N3819 
*253820 

2N3823 
*255457 
*255458 
*255459 

25p 
40p 
40p 
40p 

26p 
63p 
57p 
40p 
40p 
40p 

MOSFET. 
3N128 65p 
35140 85p 
3N141 85p 
3N187 180p 
3N202 12op 
40603 58p 
40673 58p 

WT. 
*T1543 

252180 
252646 

*2N4871 

349 
asp 
Sap 
349 

PINT 
*256027 48p 

DIODES 
o SIGNAL 

0A47 
0A70 
0481 
0485 
0490 
0491 
0495 
0A200 
04202 
IN914 
1N916 
.IN4148 

RECTIFIER 
*8Y100 
*87126 
*87127 
154001 
154002 
154004 
'54005 
1114007 
155401 
1145404 

1145407 

9D 
1Sp 
15p 
7p 
7p 
7p 
Sp 
lOp 

P 
401 

25p 
12p 
10p 
5p 
Sp 
Sp 
6p 
7p 

13p 
16p 
23p 

2ENEN 
2.7V 10 33V* 
*40001W OP 
*1W 1ap 

NOISE 
*25J 110p 

BRIDGE 
RECTIFIERS 

*IA 50V 22p 
*1A 100V 24p 
*tA 200V 26p 
*1A 400V 27p 
*lA 600V 30p 
*2A 50V 30p 
*24 100V 35p 
*24 200V 40p 
*2A 400V 45p 
*3A 200V Bop 
*3A 600V 72p 

6A 50V 75p 
6A 100V 78p 
6A 200V S4p 
6A 400V 90p 

TRIACS 
Amp Volta 

3 400 120p 
6 400 150p 
6 500 150p 

10 400 155p 
10 500 195p 
15 400 2100 
15 500 250p 
40430 120p 
40669 120p 
DIAC 
88100 30p 

VOLTAGE REGULATORS - FIXED - PLASTIC 
1 Amp Positive 1 Amp Negative 

5V 7805 140p 5V 7905 200p 
12V 7912 200p 
15V 7915 200p 
18V 7918 200p 
24V 7924 200p 

140p 
75p 

12V 7812 140p 
15V 7815 140p 
18V 7818 140p 
24V 7824 140o 
LM309K 1 Amp 5V 103 
LM309H 100mA 5V TO5 
DUAL VOLTAGE REGULATOR 
1468 ±15V 100mA 16 pin OIL 300p. 
(Adjustable by resistors from ± 8V to ± 20V) 
VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin OIL 45p 
LM305H 4 5V to 30V 20m4 T05 120p 

SCR- THYRISTORS 

14 50V TO5 40p 
14100V T05 42p 
14400V T05 45p 
14600V TO5 70p 
34100V Stud 85p 
34400V Stud 75p 
74100V T05 +HS 84p 
74400V T05+ HS 90p 
BA 50V Plastic 130p 

124400V Plastic 180p 
16A100V Plastic 1110p 
164400V Plastic 180p 
164600V Plastic 220p 

BT106 
1A /700V Stud 110p 

CI 06D 
4A /400V Plastic 83p 

*MCR101 
0.5A/15V TO -92 25p 

203525 
5A /400V TO -66 98p 

2N4444 
8A /600V Plastic185p 

*2N5060 
0.84/30V To -92 34p 

*2N5062 
0.84/100V TO-92 37p 

*255064 
0.8A /200V TO -92 40p 

RCA - NEW OP. AMP. 
CA3140. 
Most useful new Op. Amp. since 
the 741. Features include MOS- 
FET I /P, Bipolar 0 /P, High 
Speed, Wide Voltage, TTL Com- 
patible, replaces 741 in most 
industrial applications, same 
pin -out as 741. 
Price: El 8 pin DIL 
Data + Circuits: Up + s.a.e. 

ADVANCED PREAMPLIFIER 
as featured in "WW " Nov. issue 

Complete semiconductor kit avais 
able 

Includes. all Trs., diodes, Leds, 
ICs., and regulators. 

Price: £28.20 inc. VAT & PP. 

VAT RATES: All items at 8% EXCEPT where 
marked* which are at 121/2 %. 

Fully branded devices by Texas, RCA, 
Motorola, National, Mullord etc. 

Minimum Order £2 
P &P 20p 
Please add VAT to total 

Mail Order Only 
Govt., Colleges, etc. orders accepted. 

TECHNOMATIC LTD. 
54 SANDHURST ROAD, LONDON, NW! 
TN: 01- 204 4333 Telex 822800 

OVER2,000 ELECTRONIC COMPONENTS INA 

100 PAGE CATALOGUE 

Please send me 
the 100 page 
Tandy catalogue 

Address 

WW /6 DI 
M 

ITandy Corporation (Branch UK), Bllslon Road, 0 

L W 

e b u r y W d l d s 

)T1N Nationwide supermarket of sound! 

r WORKSHOP TEST EQUIPMENT 
Designed by Mr. J. L. Linsley Hood 

1. AUDIO OSCILLATOR . 

Simple design. Very low distortion 
10HZ- 100KHZ. Sine /Square output. 

Kit Form £16 
Made and tested £20 Tax 8% (pp E1) 

His tämous 30-75 watt P.P. £2.50 

MIEWEI 

HI -FI AMPLIFIER £70 (tax 121 %) 
Distortion is below normal measurement. 
Available in pack form or made up units. 

P.L.L. F.M. STEREO TUNER Pr Requires no Kit t £40 (Tax 12'1/2%)£1.5 
t 

We can also supply REG. P.S.V. 0.60v, 0- 14£18.00. Tax 8 %. F.M. SIG /GEN..Wobbulator 
£1 2; T.H.D. Analyser £18.50; MVMT £1 5.25, Blomley & Bailey Amps 

Detailed leaflets available. Send fcap s,a. e. 

TELERADIO ELECTRONICS 
325 FORE STREET, EDMONTON, LONDON N.9. 01 -807 3719 J 
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Sculptured foam speaker fronts 
allow creative design flexibility! 

If your aim is to produce an eye- catching styled 
speaker the fitting of.a Declon front could realise 
that objective. Individual designs can be created 
for specific purposes and reserved for one 
purchaser only, thus allowing considerable scope 
for identification with a particular model or 
manufacturer. Declon fronts can be back 
sculptured to allow for cone movement thus 

making sub -baffles optional rather than obliga- 
tory. New look cabinets can be readily achieved 
by simply altering the design of a Declon front. 
Cost savings can be effected in terms of labour 
and materials when fixing to the speaker cabinet. 
The material being flexible allows some latitude in 
the matter of finished cabinet dimensions 

Acoustically Transparent 
Wide Design Scope 
Cost Savings can be effected 
Allow Creative Design Flexibility 
Colour Options 

Declon Speaker fronts are made from 
reticulated foam which is acoustically 
transparent over all audible frequencies. 
Other Declon products for the Hi Fi 
Industry: Speaker Gaskets, Damping 
Foam and Packing Pieces. 

Declon Foam Plastics Limited 
Humphrys Road, Woodside Estate 
Dunstable, Beds., LU5 4TW 
Phone: 0582 605141. Telex: 826749 
Trade enquiries only 

Member of the 
Airfix Group 

i:/_: 
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PROJECT 80 AUDIO MODULES 
PZ5 £4.95. PZ6 £8.70. Z40 E5.75. 
Project 805Q £18.95. 

SINCLAIR CALCULATORS AND 
WATCHES' 
Cambridge Scientific £8.95. Oxford 300 

BI -PAK AUDIO MODULES £13.30. Mains adaptors £3.20 
S450 tuner £18.95. AL60 E4.33. Programmable Scientific with free mains 
PA100 E13.45. MK60 Audio Kit unit £24.95. Grey watch + bracelet 
E27.20. Teak 60 £10.95. Stereo 30 £16.45. 
£15.95. SPM80 £3.35. BMT80 E3.50 
PS12 £1.60. T538 E2.95. Send sae SINCLAIR IC20 
for free data IC20 I0W +10W stereo amp kit with SAXON ENTERTAINMENTS 
MODULES* 

printed circuit £4.95. PZ20 Power supply 
for above £3.95. VP20 Control and 

SA1208 E20.50. SA1204 £19. SA608 preamp kit E7.95. 
E12. SA604 E10.30. PM1201 /8 
E11.30. PM1202/8 £15. PM1201/4 JC12 AMPLIFIER r . 

£11.30. PM1202/4 £15. PM601 /8 6W IC audio amp 
£11.30. PM601 /4 E11.30. with free data and 

printed circuit 
JC40 AMPLIFIER £2.25. tin / a New integrated circuit 20W amplifier 
chip with pcb and data E4.45. DELUXE KIT FOR JC12 

Volume and tone controls and extra parts 
for the pcb. Mono E2.33. Stereo £4.95. FERRANTI ZN414 

IC radio chip £1.44. Extra parts and pcb JC12 POWER KIT 
for radio E3.85. Case 90p. Send sae for Supplies 25V 1 Amp £3.75. 
free leaflet JC12 PREAMP KITS 

Type 1 for magnetic pickups. mics and 
BATTERY ELIMINATORS tuners. Mono £1.50. Stereo E3.00. Type 
MILLENIA KITS 2 for ceramic or crystal pickups. Mono 
5 Transistor highly stabilized power units 88p. Stereo £1.76. 
Switched 1 to 30V in 0.1V steps. Send sae SEND SAE FOR FREE LEAFLET 
for free leaflet. 1 Amp kit £12.45. 2 Amp S -DECS AND T -DECS* 
ka £14.95. Cases £2.95. 

S -DeC E2.24 
. 

RADIO MODELS 
T -DeC E4.05 " 

50mA with press -stud battery connectors u -DeCA E4.45 =: I :4 
9V £3.45. 6V E3.45. 4' /xV £3.45. 
9V +9V £5.45. 6V +6V £5.45. 

,yC 
u -DeCB £7.85 '..--_-_-f- C/¡,r 
16ditICcarriers- ,--cYi 

41/2V +41/2V E5.45. with sockets £2.05 `.. .. 
CASSETTE MAINS UNITS 
71/2V with 5 pin DIN plug 1 50mA £3.95. BATTERY ELIMINATOR KITS 
3 -WAY MODELS 
Switched output 4 -way multi -jack Type 

100mA radio types with press stud 

1 3 /4'h /6V at 100mA £3.20. Type 2 
battery terminals. 4'/ V £2.10. 6V 

6 /71/2/9V at 150mÁ £3.30. £2.10. 9V E2.10. 4 1/2V +4 1/2V E2.80. 
FULLY STABILIZED MODEL £5.45 6V +6V E2.80. 9V +9V E2.80. 
Switched 3/6/71/2 /9V 400mA Stabs. 
lazed. 

2.mÁ cassette type: 7'/2V din plug 
£2.10. 

CAR CONVERTERS Stabilized 8 -way types: transistor 
Input 12v DC. Output ó /7'/2/9V DC 1 

Amp Transistor stabilized 

stabilized to give low hum 3 / 41/2 / 6/ 
71/2 / 9/ 12 / 15 / 18V 50mA model 
£3.50. 1 Amp model £6.50. 

PRINTED CIRCUIT KIT* Heavy duty 13 -way types: 41/2 / 6 / 7 / 
Make your own printed circuits. Contains 81/2 / 11 / 13 / 14 / 17 / 21 / 25/ 28 / 
etching dish. 100 sq ins of copper clad 34 / 42V 1A £4.95. 2A E7.55. 
board, 1 Ib ferric chloride, etch resist pen, 
drill bit and laminate cutter E4.25. 

Car convertor kit: Input 12V rtC Output 
6 / 71/2 / 9V DC 1 A regulated E1.95. 

SWANLEY ELECTRONICS 
DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8T0 

Post 30p on orders under E2.23 otherwise free. Prices include VAT. (Overseas customers 
deduct 7% on items marked*. otherwise 1 1 %). Official orders welcome 

Doran" kits 

It scud orilU 

1 URN 

ONLY \i 

3695 

DORAM KITS CONTAIN 
EVERYTHING DOWN TO 

THE LAST NUT 

+ H 

tittjk#, 

At last you can enjoy the benefit of high quality TV sound. This unit 
offers a high fidelity alternative to the audio stage of a TV set and is 
completely independent. The 4- channel push- button Varicap tuner 
picks up a UHF signal direct from the aerial, the outout being 
suitable for feeding through most hi -fi systems. 
SPEC INPUT 10mµ Type for 26dB quieting OUTPUT:100mV 
(5 -pin DIN) LED tuning indicator. 
Frequency meter. 
£36.95+ H VAT (Order code 991 -928) 

0 "seas orders -add 15% for P+ P. All items offered for sale 
subject to the Terms of Business as set out in Doram Edition 3 
catalogue, price 60p. The Doram Kit brochure is also 
available, price 25p. Combined price only 70p which also 
entitles you to 2 x 25p vouchers, each one usable on any 
order placed to the value of £5.00 or more (ex. VAT). 

DORAM ELECTRONICS LTD., P.O. BOX TR8, LEEDS LS12 2UF. 
An Electrocomponents Group Company 

WW -058 FOR FURTHER DETAILS 
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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 Ca 110 E 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 Ca 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: 

CEC Corp., Via Valdani 1-CH 6830 CHIASSO -SWITZERLAND 
Phone: (091) 44 26 51. Telex: 79959 CH 
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Read RF Watts Directly. 
0.45 -2300 MHz, 1- 10,000 watts ' -5 %, Low 
Insertion VSWR 1.05. 

Unequalled economy and flexibility: Buy 
only the element(s) covering your present 
frequency and power needs, add extra 
ranges later if your requirements expand. 
QUICK- CHANGE Connectors mate with N, 
UHF, C, SC, LC, HN, LT, BNC, TNC, GR -874, 
'/e" and 15/e" EIA flange, no adaptors needed! 

UK REPRESENTATIVE FOR BIRD ELECTRONIC 

aspen electronics limited 

2 KILDARE CLOSE EASTCOTE MIDDLESEX HA4 
9lJw 

Tel 01 868 1188 Telex 8812727 
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A full frequency range graphic equaliser YOU can afford ! ! 

For JUST £38.85 plus VAT 
You can tune out all unwanted 
noises at seven different fre- 
quencies! 
Bring all your recordings, P.A., 
discos, lead guitar, bass guitar, 
organ, anything amplified to life 
at the touch of a slider ! ! 

No more annoying amplifier 
noises - just clear, true sound ! 

Frequencies from 60 Hz to 10 kHz! 
Cut or boost each frequency by 
maximum of 15 dB ! 

Hi and lo gain inputs. 
Powered by just two PP3 batter- 
ies which last for ages. Or mains 
powered unit available. L49 95 
plus VAT. 
Try it and you'll buy it - it will 
change your concept of sound. 
Trade enquiries welcomed. 

Condensed Technical Spec 
Max. output: terminated to 6005 
- 10 dB> 1.6 volts peak to peak., 
2.5 volts R.M.S. 
Signal to noise ratio: input ter- 
minated with 47K resistor. All filters 
at max. better than -70 dB. 
Frequency response: All filters at 
central better than i 2 dB. 
Filter slope: Better than ±13 dB 
per octave. 
Filter ranges: Max. i 15 dB at 60, 
180, 480 Hz, 1, 2:4, 5 and 10 kHz. 

To: E.S. Electronics, 2 Upper 
Fant Road, Maidstone, Kent. 
Please send me I, E2, 03, 04, E5 
of your Graphic Equalisers. I enclose 
cheque or postal order for L 
having added LI.50 for p. & p. on each 
item ordered and V.A.T. I understand 
that two batteries are included. 

Name 
Address 

Tel. 

WW - 070 FOR FURTHER DETAILS 
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SINTEL for MEMORIES-CMOS-DISPLAYS- MPUs - BOOKS 

FAST SERVICE 
e guarantee t at telephone orders. or goods m stock received by 

4 30 p.m. IMon. -Fn.l will be despatched the same day. Fust Class 
Post (Books by parcel post. 

CMOS from Top Manufacturers - mainly RCA & Motorola 

CMOS 6 
1-a8 

CD 7 0.64 
CD4000 0.17 CD4028 1.03 
CD4001 0.18 CD4029 1.31 
CD4002 0.17 CD4030 0.64 
CD4006 1.35 C04031 2.55 
CD4007 0.18 CD4032 1.23 
CD40G8 1.11 CD4033 1.60 
C04009 0.64 CD4034 2.19 
CD4010 0.64 CD4035 1.35 
CD4011 0.20 C04036 3.65 
CD4012 0.19 CD4037 1.09 
CD4013 0.84 CD4038 
CD4014 1.16 CD4039 3.55 
CD4015 1.16 CD4040 1.23 
CD4o16 0.64 CD4041 0.96 
CD4017 1.16 CD4042 0.96 
CD4018 1.16 CD4043 1.16 
CD4019 0.64 CD4044 1.07 
CD4020 1.28 CD4045 1.61 
CD4021 1.16 CD4046 1.53 
CD4022 1.11 CD4047 1.04 
CD4023 0.24 C04048 0.64 
CD4024 0.89 CD4049 0.64 
CD4025 0.24 CD4050 0.64 

CD4051 
CD4052 
CD4053 
CD4054 
CD4055 
CD4056 
CD4059 
CD4060 
CD4063 
CD4066 
CD4067 
CD4068 
CD4069 
CD4070 
CD4071 
CD4072 
CD4073 
CD4075 
CD4076 
CD4077 
CD4078 
CD4081 
CD4082 
CD4085 0.82 
C04086__0.82 

1.07 
1.07 
1.33 
1.51 
1.51 
5.48 
1.28 
1.26 
0.71 
4.28 
0.24 
0.24 
0.67 
0.24 
0.24 
0.24 
0.24 
1.61 
0.60 
0.24 
0.24 
0.24 

CD4089 
CD4090 
CD4094 
CD4095 
CD4096 
CD4097 
CD4098 
CD4099 
CD4502 
CD4510 
CD4511 
C04514 
CD4515 
CD4516 

1.78 
0.92 
2.15 
1.20 
1.20 
4.28 
1.26 
2.11 
1.43 
1.57 
1.80 
3.15 
3.60 
1.56 

CD4518 1.25 
CD4520 1.43 
CD4527 1.82 
CD4532 1.65 
CD4555 1.04 
CD4556 1.04 
MC14528 1.22 
MC 14553 4.88 
IM6508 8.06 

CLOCK CHIPS 
AY51202 2.89 
Av51224 3.50 
MK50253 5.60 

FLAT CABLE 
20 -w 1 m 1.00 
10m foi 8.00 

VEROCASES 
751410J 2.64 
751411D 3.04 
751237J 1.72 
751238D 2.15 
751239K 2.78 

SUNDRY 
CA3130 1.14 
uA741 0.35 
(RCA 8 DIL) 
78L12WC 0.77 

BOOKS end Dataahaate (do not add any VAT) 
New 1976 RCA CMOS and Untie,. IC Combined Databook 
New 1976 RCA -Power and Microwave" Databook 
1976 National Semiconductor 7400 sans TTL Databook 
TTL Pin -Out Card Index (Texas instruments) 
Intel Memory Design Handbook. c.280 pages 
Intel 8080 Microcomputer Systems Users' Manuel 
Motorola McMOS Databook (Vol 5. Series A) 
Motorola M6800 Microprocessor Applications Manual 
Motorola M6600 Programming Manual. c.200 pages . 

Motorola Booklet introducing Microprocessors 
2650 Microprocessor Library 
DATA SHEETS on Microprocessors 
Intend 6100 12 -bit CMOS 
RCA 1802 8 -bit CMOS .. .. .. 
National SCAMP 8 -bit 
Zilog Z80 (enhanced 8080) . 

£6.70 
£7.30 
£3.45 
E2.95 
E5.20 
E5.25 
E3.50 

El 2.95 
E5.35 
E1.80 

£24.50 

£0.75 
E0.35 
E0.75 
£0.75 

MEMORY ICs 
Intel 2102A -6 (new 
version of 2102 -2) 16 
pin IC, TTL compati- 
ble, Single + 5V sup- 
ply. 650nsec, 1024 o 

1 bit Static NMOS 
RAM £3.81 Intel P2112A -4 
650nsec 256 x 4 bit 
Static NMOS 
RAM £4.76 
Intersil IM6508 
CMOS 1024 x 1 bit 
Static RAM £8.05 

D I S P SAY S Many Display PCBs also available 

FND500 C C 

Red 0 5" E1.02 

Red 0.5" LED s 

TIL321 C.A. E1.30 
TIL322 C C. E1.20 

Green 0 6" LEDs 
XAN652 C . E2.45 
XAN884 C.C. E2.46 

32.768kHz Min. Watch Quant Crystal .. E4.50 

ADD VAT at 5 %. 25p p &p on all orders Price List sent with orders or free on request 
Access and Barclaycard orders very welcome, written or phoned (by phone min E5) 
Export orders very welcome. No VAT but add 10% (Europe). 1 5% (Overseas) for Air Mail p &p, (For expon 

postage rates on books contact us first ) 

SINTEL Tel 0865 91ORD 
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Components from 
leading manufacturers only 

KITS CAR CLOCK 
'AUT -CK 
£17.85 

THE SINTEL CAR CLOCK: Four digits. White mini case. Large 0 5' red LED displays. High 
frequency quartz crests) timebase. Internal battery backup. Full instructions. Suitable for all 
12v negative earth cars. 154mm e 85mm x 40mm. 

5011. CRYSTAL TIMEBASE KIT: provides an extremely 
stable output of one pulse every 20msec. Uses May be 
added to all types of digital clocks to improve accuracy. to 
within a few seconds a month If used with battery back -up 
also makes clocks power-cut or switch -of proof Replacing 
50 Hz signal on battery- powered equipment Prov.dng film 
synchronisation Monitoring or improving turntable speed 
Order as "XTK' E6.28 

DIGITAL CLOCK KITS WITH CRYSTAL CONTROL it BATTERY BACK -UP 

Vatilizazio ACK OCK 

These Iwo kits 
n 

corporate our Crystal Timebase Kit (XTK). together with components far 
battery back -up All components, plus a PP3 -type battery. lit neatly in the clock cases. 
Accurate to within a few seconds a month If mains power is disconnected through a power 
cut. accidental switching off or moving clock) the clocks will still keep perfect time. While on 
backup the displays are off to conserve battery life. 

ATTRACTIVE 8-0IGIT ALARM CLOCK:.Uees Red 0 5" displays. Features bleep alarm. 
'Touch switch" snooze control and automatic intensity control. Alarm remains fully 

operational while clods is on back -up. Complete kit including case. 
Order as "ACK + 51K + 88K" £33.55 
Kit also available i 33 crystal control and back -up. Order as "ACK" . ... . £26.80 

SLIM OREEN CLOCK. Attractive 4 -digit Mantelpiece Clock with bright 0 5" Green display. 
Complete kit including case Order as "GCK + XTK + 056K" .. £19.85 
Kit also available less crystal control and back -up. Order as "GCK" ... .. £14.40 

microprocessors 
Please Microprnces:or.. should only be bought by experienced constructors Sorry, we cannot 
answer technical queries or supply data other than from our selection below. 

IM6100CCDL £45.36 fsPA/ 1001SC /MPI E18.75 
8080A (2 uSl £32.25 2650 E27.00 
6800 £33.87 

MICRCPROCESSOR MANUFACTURERS' DEVELOPMENT KITS 
These include main ICs PCB. Manuals and Data 

MEK6800D1 - with the 6800 MPU 
ISP8K /200E - SC, MP Intro Kit 
MCS -80 Kit C - with 80804 no PCB) 

E137.00 
E93.55 

E176.85 

The SECOND-USER cl R 
Computer 
Specialists , 
Mini -- Computer 

Exchange 
SAVE UP TO 60% 

ADVANCE COPY- DETAILS 
SOON AVAILABLE 
FABULOUS BRAND NEW 
PDPBM BK PROCESSORS EX 
CANCELLED ORDER 

ON LIST PRICES 
susismor.n 

SIM R*7117-11/117ñ 

PDP81 81( Processor with TTY con rol - - _- 
POPS 24K Processor complete with KE09 Extended Arithmetic, 
TCO2 DECtape controller + 2 TU55 drives. PC09 Paper Tape Reader 
and Punch. AF0113 A/D Convener (8 -channel). DA09B I/O Bus. 
LT 198 Multi. teletype station. 
ALPHA LSI -2/200 SK processor with 6 meg Disk and many 
features - BRAND NEW. 
ANALOGIC AN5800 -5 AD-DA Converter Chassis. Accommodates 

1 A/D Convener and up to 8 D/A Conveners. Complete with 
interface. connecting cables and diagnostics for Data General Nova 
Price L 1.250. 
RPO2 30 Meg. Free -standing moving -head disk drive and control. 
TU10 Magnetic Tepe Units, 9 -track 800 bpi. rack- mounted. 
TU20 Magnetic Tepe Unit. 9 -track, 45 ips. TU55 DECtepe drives 
DF32 Disck Droe and Control. 
0532 Slave Drives also available. 
CENTRONICS 101 Lina Printer and Control. 
RK11 /RK05 Disk Drive and Control 
TU60 Dual Cassette Drive and Control. 
RT02 Alphanumeric Data Entry Display and Control. 
DEC Interface and Feature Boards. DC11 -AC. DC11 -DA, OL1 IC. 
DL11E. KOBE. KL8E. KE11F, KW11. KC8E. MC8EJ. MM11F, 
MRBE 
DEC Power Supplies H724. 728A. etc. 
6H. RACK CABINETS with cooling fans, mounted on castors. 
CIPHER X100 Magnetic Tepe Units, 9 -track 800 bpi. Control Unit 
available for PDPBE series. 
ICL 2902 8 Meg Disk Drives. Ideal for enhancing ICL 1900 systems. 
Control Units available for multiple orders. 

Add 8% VAT to all 
prices shown. 
Carriage extra 
details on request. 

Systems, PeripheraÍ 

/1// 
ui ment & q p 

Components for 
E 

0 Data Processing 

TERMINALS - LARGE STOCKS AVAILABLE 
ASR33 Teletype from £445.00 
KSR33 Teletype hem £250.00 
ASR35 Teletype from £750.00 
IBM731 /0 Golfball Typewriter from £275.00 

SPECIAL OFFER 
Cossor DIDS 401 2 Visual Display Units 13 lines x 80 characters 
(81/2x41/2" screen) 64 character repertoire with detachable ASCII 
keyboard (Control device required) Bargain Pries: £146.00 
FOR ISM 360 USERS. Senders 720 Data Display System consorting 
of sin VDUs. control unit and communications buffer. Complete with 
connecting cables and technical documentation. Pries £2,790,00. 

MINIATURE MATRIX PROGRAMME BOARDS: Bend new X.y 
Marry boards with 3mm grating 1200 positions (234 "x2 % ") 
8.00, 3x10 positions (134 "x1 ") L4.00. P &P 40p 
MAGNETIC TAPES- Manufacturers surplus stocks, brand new in 
original sealed packing. 1/2"x2400' £4.00 per reel. 34 "e2400' Ea.50 
per reel P &P extra 

MAGNETIC DRUMS. Bryant types 75064 and 75256 (415V 50Hz 
' 3 pa I. Sperry D5 (115V 400H: 3 ph.). 

MAGNETIC TAPE CLEANER. Kybe Type E24. breed new 
cor dition, £525.00. 

MAGNETIC TAPE TRANSPORT, Ampex TMK (deck only). Ampex 
TM 7 IBM 7330 (deck only) 

FABRITEK MEMORY SYSTEM MA16364a26 -2RT 
IBM 059 Punched card verifier, excellent condison. IBM Ferrite Core 
Memory Plane. Matrix of 40e52e4 cores. Size 5x8 ". Ideal for 
experimenters E2.60 + 50p P &P. 

KEYBOARDS. Special low-cost keyboard type KB5 by CLARE -PEN- 
DAR. 3 -bank alphanumeric Baudotcoded 36- station TTLcompatible. 
stnbed output Prise £20.00 + El P &P 

PAPER TAPE 
EQUIPMENT 

Teletype BRPE highspeed punch 110 opt L145.00. 200 cps 
0195 00 sound.reducing cabinet C20 00 
Foot 4060 rack.mounting heavy.duty punch 150 cps complete with 
supply and take.up spools. 395 00 
Welmec SI 10 low.speed punch. 17 cps solenoid- operated. 45 00 

E.hott /ICI high -speed photoelectric readers Speeds from 200 cps. 
Aices from El 45 00 
Fern 4001 high -speed dielectric reader Maximum speed 500 cps or 
1000 using separate spooled Complete with supply and take -up 
s000ls. 475 00 
Ferranti TR5 high -speed photo -electric reader Maximum speed 300 
ms Price C90 00 
Datek R40 -8 low -speed mechanical reader. solenoid- operated 
Maximum speed 40 cps Price £55 00 
Welmec R82 low-speed mechanical reader solenred- operated 
Maximum speed 17 cps Price 029 50 
Electric paper tape winders. 115V DC. 30 rim motor with friction 
dutch to prevent breakages. C8.50 

ELECTRONIC BROKERS LIMITED (CanPSoles&ServlcesDIvlslon) t. 49-53 Pancras Road, London N W 1 26ïó. Tel :01-837 7781 

i ace, Ir 
Mund'ay to f orlay 9 a m 
to5pm - 

WW -093 FOR FURTHER DETAILS 
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Toll 
ìnto one 
will go. 

With the precision of the Jackson G10 
Gearbox, you get ten turns of input 
equalling one effective turn of output. 
This makes the G10 ideal for decimal 
presentation for analog control. The Gear 
Box itself is packaged within 70mm by 
35mm by 19mm. The output shaft drive 
torque is greater than 700 gm cms. Input 
shaft diameters are 6mm. All the gears 
are fully anti -backlash loaded. The 
Jackson G10, the compact, versatile 
gearbox. 
All Jackson Products are backed by 50 
years' experience in the communications 
field. Highly skilled men, and Jackson 
Brothers' good name. 

Write for further information to: 

JACKSON BROTHERS 
(LONDON) LIMITED 

Kingsway, Waddon, Croydon CR94DG 
Tel: 01 -681 2754/7 Telex 946849 
U.S. Office: Swedgal Electronics Inc., 
258 Broadway, New York, N.Y. 10007 

B.S. 9000 Approved. DEF STAN 05 -21. 

WW -009 FOR FURTHER DETAILS 
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¡COPE H 
4J6 

SINGLE BEAM 
osaLLOSCOPE 

4S6 6MHz Bandwidth. 
IOmV /cm Sensitivity. 
l uS¡cm- 100mS /cm Timebase 
(16 Calibrated ranges). 
Glarecheq Non -reflective 
graticule. 

45.6 LS ... (£115) Designed for LOW 
SPEED Measurements. 
10uS /cm -1 sec /cm Timebase. 

J2C5PEX 

Rege Trade Mark 

SCOPEX Instruments Ltd. 
Pixmore Industrial Estate, Pixmore Avenue, 
Letchworth, Herts. SG6 t JJ (046 26) 7277t 

298.00 
(ex VAT) 

WW -059 FOR FURTHER DETAILS 



PYE 
Thermocouple test sat 7556 .. 166 
RHODE i SCHWARTZ 
Polyscop Swob II ... 11260 
Attenuator type DPF Z =60 ohms BN 18042. P.O.A. 
Frequency Indeator FKM -BN 7051 P.O.A. 
TEKTRONIX 
Programmer 262. . P.O.A. 
Sq. Wave Gen 105. Riserime - 13m secs. Freq. 
range - 25Hz -1 N Hz continuously variable. Freq. 
Meter - Direct reading. WP Amplitude 0.100V 
max ..... .. £60 
TELONIC 
Band Pau Filter. TBA 140- 60-5CC1 5 Section. TNC to 
INC connectors. 4" tubule 60MHz bandwidth 
140MHz centre froc. Brand new 120 
Sweep Generator Sn2000 c v plug-ins E -3M and 5.6 
and 54MM .. P.O.A. 
WAYNE KERR 
Current Roto Transbrmer T1C2C P.O.A. 

POWER SUPPLIES 
APT ELECTRONICS 
(Ex ICL Computers) 240V I / P. 

Type 10459/11 - -10V 7_1A 115.00 
Type 10459/8 - ` 20V 5A 120.00 
Type 10459 /13 - -24V 5A 120.00 
Type 10459/12 - - 10V 3A 115.00 
1.5.M. 
Ea Computer. Load regulate. of 1% or better. Low 
ripple. fast response time 22C /240V I /P. 
3V - 4V .. .. 112.00 
3V -84. 116.00 
3V - 16A 120.00 
6V - BA £15.00 
112/115V UP 
6V -- 12A 115.00 

Wireless World, January 1977 

ba 

. a.... . i.... 

On these pages you will find just the 
briefest selection from the vast range which we 
hold in stock at any one time. 

If you are seeking a specific item and it is 
not listed, it will pay you to ring us first - we 
believe we offer the best prices and the best 
service. 
VWRLD WIDE EXPORT 

Enquiries and tenders welcome from a-y 
part of the world. 
HOW TO REACH US ... 

We are easy to reach, no matter where yoi 
live. Minutes away from Kings Cross or S *.. 
Pancras main -line stations, and a bus ride fr>,m 
Euston; only just over half an hoar from 
Heathrow Airport. Parking is easy too. 

49 -53 
Pancras Rd 
London 
NW1 2Qß 
Telephone: 
01 -837 7781 

20V - 15A. 020.00 
Also stabilised but unregulated 48V - 2.7A, 7 25V - 
4.8A 15.50 
ICL Power Supplies (ex .computer) 
6V -25A (variable from 4.5V to 6V). 
28V -20A (varrabte from 25 -30V). 

BRIDGES 
MARCONI INST. 
TF936 Impedance Bridge 1125.00 
TF1245 CCT Mann Meter TF1746- 

£685.00 
WAYNE KERR 
Radio Freq. Bridge B601 .. 155 
R F. Admttance Bridge 6701.. .. MI5 
COMPONENT BRIDGE 5521 (CT 375) 
Self-contained portable mains operated equipment 
designed to provide accurate measurements over an 
extremely wide range of resistance. capacitance, 
inductance and impedance values. Resistance. 10 
ranges from lm ohm to 1000 M ohm. Capacitance. 10 
ranges from 50kuF to 500pF. Inductance. 10 ranges 
from 1 to 500 KH Capable of 

m 
ring 

components in situ £105.00 

EVOLTMETERS 
VM77D AC Mdlivoltmeter 150.00 
GENERAL RADIO 
Electronic Voltmeter 1806A, AC. DC & OHMS -2% 
Accuracy. Wide freq. range up to 1500 MHz L200.00 
HEWLETT PACKARD 
DC Vecuum Tube Voltmeter 412A 1MV -1000V 1% 
Accuracy Can also he used as Ohmmeter and Ammeter 

E75 
VTVM 4000 1mV to 300V FSD. 12 ranges 1011z to 
4MHo. 2% accuracy. Input Impedance 10Mohms 156 
VTVM. 400L. Logarithmic version of 4000 Reads RMS 
value of sine wave. Log. voltage scale 0.3 to 1 & 0.8 to 
3. Linear dB scale. Input Impedance 10Mohms . £50 
Vacuum Tube Voltmeter 4106. Freq. Range 
20HZ- 700MH7 AC1.600V (6 ranges). DC 1V.1KV 
ohmmeter 0.2 ohms to 500Mohms (7 ranges). 
Accuracy 3% 166 
Vacuum Tube Voltmeter 400H. Freq. Range 
10Hz -4MHz. Volts 1 OmV.300V F S (12 ranges). 
Accuracy -1% (50Hz-500KHa) -2% 
(20Hz -1 MHz) P.O.*. 
AC Voltmeter 400E 1155 
MARCONI 
Sensitive Valve Voltmeter TF.1100. 100uV.300V AC 

YorM Wa,/ S 
¡KIN'S CROSS 

os l 
Freq. coverage 10HzJOMHz. Mater Ms dB stale 
facility 185 
Valve Voltmeter TF.10.1 B. Genera Spec. 6.300V Ac. 
0.1 KV DC Resis-ance u4 to 500Monms E60 / 1195 

Electronic Voltmeter TF2604 122540 
Voltmeter No 2 CT.258 TF.958, AC 10SmV -15Y/, 
multiplier eat ends AC range to 1 5KV. OC 
50mV -100V. Freq. Range 20Hz- 1COMhz . 555 
Valve Voltmeter TF2607 .... ....... . 1-75 
PHILIPS 
H.F. Mdlivoltmter GM 6014. Measuring Ranges 
I mV -300mV in i ranges. Accuracy et 32K la at 3% of 
FSD - Ampliture Char I KHz -30KHz flat within ! 5% 

. 855 
DC Microvolteetar CM6020 OuV -1 F curent 
10pA -10uA. Acuracy 5% (FSD) 0.10DV 3% (Fî7) 
AU other ranges Recorder o/p fac lity 155 

SWEEP GENERATORS 
HEWLETT PACKARD 
Sweep Oscillate. 6920 2 -400x. Sweeps fom ..st. n 
to "stop' freq. SPECIAL OFFER 1200 
Sweep Oscillate 6936 4 -8GHz 

SPECIAL OFFER 426 
Sweep Oscillato 6930 4 -BGHz . 1226 
Generator /Sweeper 3601A. Freq. Range cw 
01.11MHz. Hi¢r 1- 11MHz. Z -50 Ohre £50000 
JERROLD 
Sweep Signal Generator 9005. Cenral Frogs. 
500KHe- 12005Hz Sweep widths marrow et 10KEt to 
400MHe wide. :Whew a/p impecance .. L-E0 
M.E.S.L. 
Swept Signal Source N H883 7.12501-: .. EreSO 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Meter 3D 332 03- 1200KHz... 050 
Level Meter 3D 335 1SKHz -17MHe .. 400 
Level Oscillator /W29 9.3- 1200KBz 0250 
Level Oscillator 1W 51) ......... . . ... 1200 

ANDEL I. GOLTERMAN 
Level Transmitter- TFPS 42 10KHa.14M-he 475 
Level Meter TFltil 43 OKHz -14M1Hz . . . 475 
Wendel & Golteman 52M 2. Distation measuring set 
or phase and amplitude mod. Fa mLltiarannel FM 
Radio Systems up to 1 2MHz base candz. 0750 

TRANSMISSION 
TEST EQUIPMENT 

A.F. TRANSM 53108 MEASURING SET 
Type TF 2332. 30Hz- 20KHa. Fo, use soir telephne 
and programen orates. CCIT, romaine Oscillwor, 
Attenuator end %climate,. Fu I spec. en 
request.. ........... £40050 
AIRMEC /RACAL 
Wave Analyser !48A. 5- 30bMH :... C250 to £100 
Wave Analyser 853. 30KH,- 3051Hz. hen.itivity uV 
to IV to 20Mhe 4uV o 4V up to 30M-1s 1105.00 
Wave Ana year 248. Freq range 
5MHz- 300MFe C141.00 
Modulation Meer 401 
HEWLETT PACKARD 
Sweeping LocalOscilror 3595A. Plu ?in for use weth 
3590A Wave Analyser. Freq. range 20Hz to 
620KH: E651.00 

BROKERS LTD 
Carriage and packing 
charge extra on all items 
unless otlierwi se stated 

Please note: All instruments offered are 
secondhand and tested and guaranteed 12 
months unless otherwise stated 

WW-095 FOR FURTHER DETAILS 

Distortion Analyser 334A 1446.00 
MARCONI MISTS. 
Distortion Factor Meter TF. 142F. Fundamental Freq. 
Range 100Hz -BKH,. Dist measuring ranges 0 -5% 
0.50 %. Measures all spurious components up to 
3OKHz .... £50.00- ESO.00 
H.F. Spectrum Analyser OA 1094 A/3. Carrier range 
3230MHz. Sweep width up to 30KHr. 60dß Amplitude 
difference, measurable. Also L.F. Enenaron un4 for 
above TM. 6448 (100Ho -3MHz) 1325.00 
RADIOMETER 
Wave Analyser FRA 2 T3. Special version of FRA 2 
with facilities for intermodulation measurements and 
selective measurements of frequency espouses. Freq. 
range 30Hz to 16KHZ. Incremental freq.. OHz to 

- 60Hs. Selactivity 3 curves with following 1d6 points 
n1 25H,. ± 12.5Hz. - 63Hz end 60d3 points ±40Hz, 

Ha - 150 
130 350 

- 450 
Voltage range 100uV - 1KV. Auaihary Oscillator 
Range OH: to 1.6 KHe and 1.5 to 1.610Hz. o/p - 10V 
(EMF) continuously variable. Impedance 1 Kohms 
16uF .. 1375.00 
WANDEL & GOLTERMAN 
Level Transmitter TFPS.42, 10 KHz- 14MHz. Generator 
0/p level 0.8mV -2.5V FSD. Lowest adjustable 50 u V. 

Synchronous tuning of generator and level meter 
possible. O tpuI épeden00 115e 0J75, 70, 60. 

SO 
and 

Level Meter TFPM - 43. 10KHz- 14MH:. 3d13 
Bandwidth (600Hr and 4KH,) Selective measuring 
range 8V to 40.v (lowest readable 2.Vo Switchable 
bandwidth - 15KH: fine tuning High sensitivity Furl 
specification for the above on request 1250.00 
Distortion Meter VZM.63. 52/304/556 kHz. This unit 
comprises a generator and receive portion and operates 
according to the intermodulation method. This 
distorsion measuring set is mainly used to measure 
tmnamisuon distortions occurring on FM radio link 
systems Et 50.00 

DIGITAL VOLTMETER 
AND MULTIMETERS 

D YNAMCO 
D V M DM 2072S 10.V -2KV Max reading 39999 
Accdracy 002% Resolution 1 in 40,000 Input 
impedance 25KMohms £255.00 
Dgnal Voltmeter DM 2023 Ciw DC Ranging unit 
Cl . Scale 99999. 0.001 %. F.S.O. DC Accuracy 
10uV -1 Kv DC £450.00 
D.V.M. DM 2004 P.O.A. 
D V M DM 2006 Scale 9999 0 01% F S D 

100V-1 KV Parallel. B.C.D. (isolated) 0275.00 
J. FLUKE 
Digital Multimeter 8100A. Measures AC and DC to 
1200 volts. Resistance to 12Mohn. 10,000 hour 
M T BF 4 digit plus average Compact and hghrwetghr 

1170.00 
Digital Multimeter 8120A. Measures AC and DC volts 
to 1200 volts. AC end DC current to 12A. Resistance to 
to 12Mohm 4 digit plus 20'X. ovate-age Compact and 
lightweight £235.00 
Digital Multimeter 8000A. 26 ranges of AC/ DC 
Voltage, Current & Resistance. 0.1% Basic DC 
Accuracy. Full overload protection £135.00 
HEWLETT PACKARD 
DVM type 3430A. 3 digit. 5 ranges 100mV to 100V 
F.S. Input resistance 10Mohms. Overload protection 

. 1145.00 
Digital Multimeter 34702A with Display 34740A. 4 

digit display. 4 ranges both AC & DC plus 6 ranges of 
ohms. AC functom covers 45Hz to 100 KHz. Ohms 
ranges are 100 ohms to 10Mohms F S. LED display. 
New condition. A much sought afar device still in 
current production £400.00 
SOLAIITRON 
A C Convener LM1219. 30mV -30)V mean reading. 
Freq range 10Hz- t OKHz P.O.A. 
D.C. Dedal Voltmeter LM1420.2, 2.5uV -1Kv in 6 
ranges. 0.05% DC accuracy 

. . . . 
1235.00 

D .V.M. Type LM1420.28a DC, true R.M.S. and mean 
A.C. sensing. Accurate measurement irrespective of 
harmonic distortion accuracy -0.25 %. Freq. 
40He -20KHz 1276.00 
DVM Type LM 1440.2 10uV -2Kv DC in 5 ranges. 
Oven controlled zenerdode. Accuracy - 0.033% FSD 
±0.005% reading P.O.A. 
D.V.M LM .1480.3. Autoranging version of LM 
1440.3. Max. reading 39999 5uV -2KV DC. Full 
spec on request P.D.A. 
D.V.M. LM 1604 DC only 1uV sensitivity. 0.01% 
accuracy Max. reading 19999. 1u01-1 KV Remote 
and Autoranging 110dß series mode repot on No 
common Mode error P.O.A. 

Multimeter 4440. 315 digit d splay. DC volts 5 
ranges 200mV to 1 KV. Ac volts 5 ranges 200mV to 

1 KV Resistance 5 ranges 2000hm rc 2Mohm Current 
DC and AC 200,A nominal 1110.00 
VIDAR 
Integrating D.V.M. 520. 6 ranges 10mV -1KV. 
Guarded can be floated to 1-500V. high measurement 
speed with ultimate C M R No filters Up to X6 Laster 
than most integrating D.V.M's. Built -in calibrator. 
Manual, automatic and remote operation. Wideband 
freq. and period measurements are standard. 10mV 
F.S. range built -in, eliminates est. pre -amp no loss of 
C M R Freq range 10He -2MHz 1525.00 

REMEMBER ... We also buy 
We are interested in providing quotations 
for the purchase of good quality used and 
unused Test Equipment 

lust 
Shown 

these 

-quire t s last the It m you t shown n 

give 
us a 
ring. elLIN 
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QUALITY ELECTRONICS LTD. 
FOR Sanwa MULTITESTERS 

CATALOGUE ON REQUEST OR READERS SERVICE NO 

M IOITAL DI 
ZM1500 /12. 12 off 7.6mm high digits. 
Overall size 86 x 26mm 04.30 Inc. VAT & 
P &P. Reduction in once for cities. > 10 off 

WOBWLATOR. Sannel 6 Hutton CT501. 
excellent condition. 5325 no cary. U.K. 
and V A T 

WEE MEGGERB 500v E17.80 mc. P.&P. 
&VAT 

LABORATORY 
TYPE SASSE 

1 
TYPE TAD 

Diu 
Y 

45 66 ix 65 sr III 150 

ea 12 50 70 106 110 

50uA 0.73 0A1 0.10 15.00 6.55 
500u A 044 E3.151 062 11.72 15.42 
I M 17.37 17.54 13.71 11.63 E5.33 
15y0c 10.48 13.59 0.11 11.67 E5.36 

MOW 01.51 E3.76 0.64 E1,63 15.10 

VU METERS AVAILABLE 

WW 097 

LEMANIA AIRCREW CHRONOGRAPHS 
Stainless steel case with screw back. luminous hands and markings. One-fifth sec sweep hand 
controlled independently of main movement by press to staff and stop and return to zero 
button. 1 5 -jewel movement. Many of these watches are as new but all have been completely 
overhauled and checked for accuracy. Fined strap. Whde face. 515.80. Black lace 511.75 
Inc. P &P 

ANALYTICAL EQUIPMENT 
GAS CHROMATOGRAPHY RESEARCH OVEN 
PV4051 /4056 (other GC Hems in stock) 
A large capacity oven of low thermal mass for use between 35 and 
400"C Provides a forced air circulating system yielding 1000 
changes of air per min The oven has forced air cooled outer surfaces 
when the internal temperature is high. 210 -240V, 50Hz, 2.610W. 
531.50 (C. Pd. England and Wales) 
IONISATION AMPLIFIER PV4075 
A modern high grade low noise solid state amplifier to feed a 

potentiometer recorder 18 input ranges from 10-12 to 5 x 10 -7.A 
with 5 outputs of 1 mV to 100mV Linearity 0 1% f s Noise less than 
0 5% f s at max sensitivity. Back off facility Dimensions 28 x 10 
x 43 cm deep With operating information 021.50 (C Pd. U K ) 

Details of these three and other gas chromatography items. price np 
(C W O. only). Handbooks (complete) available 

STAINLESS STEEL VACUUM 
CONTAINERS FOR LIQUIDS 

Capacity 2 U S GALLS. FITTED WITH 
DELIVERY TAPS Brand n in 

canons £25 (C Pd. U K.w 

TAPE STORAGE CANS. Brand new 
finished steel cans, originally intended 
for 16mm film but ideal for storing 
7.n reels of tape Our last supply of 
Mese ferns was quickly exhausted at 
30p each but as a result of a massive 
new purchase we can now offer a case 
of 55 at 56.80 inc P &P and VAT 

For details on these and many other products including analytical equipment actuators synchros servo 
motors. connectors. reed switches. stopwatches, Plessey VHF equipment, tantalum capacitors. relays. metal 
onde resistors. automobile test equipment, power supplies see our Sept WW advert or advise requirements 

Z".aBtaL 
ENVIRONMENTAL TEST EQUIPMENT 

A ezazztlerd Range offering the following f 
temperatures fo 500' C Pressure cycling 

Low temperatures to -75 "C Sand and dust exposure 
Humidity cycling Corrosive gas exposure 
Thermal shock Explosion test 
Vibration For full information write or phone section W3 

ww 098 

derv° & &lecfronic dales el2id. 
'Bays', 24 High Street, Lydd, Kent VAT No. 201 -1296 -23 

Telephone: Lydd 20252. Telex: 965265 (AB Servolyap) 

WW -099 FOR FURTHER DETAILS 
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JOYSTICKS 

Precise, reliable, long -life Joystick Control Units, in single, dual or 
triple axis forms. Sprung to centre, or held by adjustable friction 
locks. Choice of wirewound, cermet or plastic film potentiometers 
(all standard 3/4r' bush types) - or rotary switches. 

Already in quantity production for remote control, TV games, 
electric wheelchairs, audio control panels, etc., etc. Any quantity 
from one -off to hundreds per month. Typical one -off prices: Single 
axis £4.50. Dual £6.50. Triple £11.00 + VAT. 

TELEVISION GAME JOYSTICKS 
We have finalised the design of an ULTRA LOW COST dual axis 
Joystick for the home television game market. and wish to arrange 
mass production fG. large scale manufacturer of such games, in the 
UK or overseas. 

FLIGHT LINK CONTROL LTD. 
Bristow Works, Bristow Road 

Hounslow, Middlesex, 01 -570 4065 

%'W -096 FOR FURTHER DETAILS 

It's the cat's whiskeys! 
A fascinating excursion into the past. The author has 
unearthed some 400 trade names from the crystal set 
days, along with nearly 200 manufacturers -giving 
the name of the set, technical description and original 
price. He also reviews the first days of broadcasting 
and looks at the difficulties experienced by crystal set 
users. Concise information and over 40 illustrations 
make this book a valuable work of reference as well 
as a rare piece of nostalgia for collectors. 

Ì 
£2.50 from bookshops 

£2.80 inclusive direct from Wireless World, Room 1 1, General Sales 
Dept., IPC Business Press Ltd., Dorset House, Stamford Street, 
London SE1 9LU. 

Name 

Address 

vcs 
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V* 

For all who want to 
knowabput 

e lectronc circuts 
Here's a book of very special appeal to all 

concerned with designing, using or 
understanding electronic circuits. It comprises 
information previously included in the first ten 
sets of Wireless World's highly successful 
Circards - regularly published cards giving 
selected and tested ci rcu its, descriptions of 
circuit operation, component values and ranges, 
circuit limitations, modifications, performance 
data and graphs. Each of the ten sets - including 
additional circuits - in this magazine size hard 
cover book has been updated where necessary, 
and is preceded by an explanatory introduction. 
Circuit designs (I) is the first collection of its 
kind. 

Book 1 Circuits covered 
Basic active filters 
Switching circuits 
Waveform generators 
AC measurements 
Audio circuits 

are 
Constant -current circuits 
Power amplifiers 
Astable circuits 
Optoelectronics 
Micropower circuits 

* Book 2 Out Dec. 76 
Basic logic gates 
Wideband amplifiers 
Alarm circuits 
Digital counters 
Pulse modulators 

covering 
C.d.as -signal processing 
C.d.as -signal generation 
C.d.as- measurement and detection 
Monostable circuits 
Transistor pairs 

circuit 
desigis 
Collected C nards 

PWi liams J Caruthers J H Evans J Kinsler 

ay 

A WIRELESS WORLD PUBLICATION 

A new bookfrom Wheless World 
ORDER FORM 

To: General Sales Department, 
IPC Business Press Limited, 
Room I I , Dorset House, 
Stamford Street, London SE I 9LU. 

Please send me copy /copies of 
Circuit Designs - Number 1 at £10.40, 
Circuit Designs - Number 2 at £1 2.50 
each inclusive I enclose remittance 
value £ (cheques payable to 
IPC Business Press Ltd.) 

NAME (please print) 

ADDRESS 

Company registered in England and a subsidiary of Reed 
International Lin-oted Regis :ered No 677128 Regd. office 
Dorset House, Stamford Street, London SE I 9LU. 
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The Finest 
The "'S.K.A." Plastic Keyboard was developed by Kimber Allen 
Ltd in co- operation with a Swedish company and the 
manufacturers state that in their opinion it is the finest moulded 
plastic keyboard made and is not to be confused with cheaper 
keyboards available. 
The keys are moulded in Acrylic plastic, a material chosen for its 
hard wearing properties and ideal feel to the touch. They are 
moulded in two parts, the key face, which has to be perfect in 
appearance and finish, and the action, which has to be strong and 
carry the mechanism. The strong section of aluminium extrusion 
upon which they are mounted is specially designed to take all the 
pressures of playing. Springs, felts, and contact actuators are 
supplied ready- fitted. 
The contact assemblies are constructed of laminated bakelite, thus 
giving smooth slot walls and completely free movement of the 
gold -clad contact wires. Types available as follows (Contact pairs 
normally open): 

GJ -SPCO: 24p each 
GB -2 pairs: 27p each 
GC -3 pairs: 36p each 

GE -4 pairs : 45p each 
GH -5 pairs : 57p each 
4PS -SPCO & 3 prs : 53p ea 

We also stock kits and PCBs for the P.E. Synthesiser, P.E Joanna 
(electronic piano), P.E. Minisonic, and other sound synthesising 
and modifying projects published in Practical Electronics. Send 
SAE for full list (Overseas send 40p). 

PHONOSONICS 
DEPT. WW71, 22 HIGH STREET 

SIDCUP, KENT DÁ14 6EH 

KEYBOARDS 

00\00 
& CONTACTS 

U.K. POST & HANDLING: 
Keyboards: £1.50 each 

Contacts: 
Orders under £15.00: 25p 
Orders over £15.00: 50p 

37 Note C -C Keyboard : 

£24.85 
49 Note C -C Keyboard : 

£29.50 
61 Note C -C Keyboard : 

£34.50 

VAT: Add 12 t/2 % to final total on all U.K. orders 
EXPORT ORDERS ARE WELCOME but please see our price 
list for Export Postage Rates. N.B. EIRE, CHANNEL ISLES & 

B.F.P.O. classify as Export. 
MAIL ORDER AND C.W.O. ÛNLY - SORRY BUT NO CALLERS PLEASE 

Prices are correct at time of Press, E. & O.E. Delivery subject to availability 

4111111111r 

RADFORD HD250 
High Definition Stereo Amplifier 

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 0.006% at 25 watts, less than 0.02% at 
rated output (Typically 0.01% at 1 Khz) 

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

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

Hear the HD250 at 

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

(Tel: 2621 3) 
Mail Omer and Personal Export enquiries: Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 

Now available ZD 100 power amplifier and ZD22 pre- amplifier 

WW -017 FOR FURTHER DETAILS 

QUADRAPHONIC KIT MODULES 
The following modules, currently being described in Wireless World, are offered. 

Each kit comprises of glass fibre PCBs and Components Each module functions 
independently, but a universal system may be constructed by means of a master switch 
into which the boards may be plugged. 

DEMODULATOR £35 + VAT (£4.38) 

00 CD 4 is a registered trade mark of the VICTOR COMPANY OF JAPAN LTD 

VARIOMATRIX DECODER 
SYNTHESIZER £31 + VAT (£3.88) 

OS OS Vanumalrix and OS Synthesizer are registered trade marks of 
SANSILI ELECTRIC COMPANY LIMITED OF JAPAN 

DECODER (Type L3A) 
(Variable Blend + Wave Matching Logic) 
SQ is the registered trade mark of CBS INC 

E25.50 + VAT (E3.191 

MASTER SWITCH KIT £8.50 + VAT (£1.06) 
Acid £ 1 postage packing and insurance per parcel. Overseas customers neglect VAT bot 
adds :f 20 po. kit to cuvrcr airmail postage - 
For enquiries please send S A E to 

COMPCOR ELECTRONICS LIMITED 
9 DELL WAY, LONDON W13 8JH 

on telephone 01 -998 8221 on weekdays between 7.30 p.m. and 10 p.m. only 

Vt7%V - 087 FOR FURTHER DETAILS 

FTM 

V FITCH TAPE MECHANISMS 
7a Balham Grove, London, SW12. 01 -673 1362 

Audiopak 
NAB 'A. 
Cartridges 
also available 
direct 

us. 
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OFFER till FEBRUARY 1977. 
For purchases of any goods value 
£25 or above deduct 10 %. 

THE HONEYWELL KEYTAPE UNIT 
is a multi- channel Keyboard to Magnetic Tape System recording Keyboard entered data on 
1/2" tape in 80 or 120 character records in a form easily usable as.a computer input /output 
and verifier. 240 Volt operation. MARCONI TF675F WIDE 

RANGE PULSE GENERATOR 
+ /- variable outputs up to 50V. Optional 
delay. Small compact unit £22.50 ea. 

,,:,N: 
i ` b i. 

It , 
' 

ssyw.+ - Honeywell Keytape Unit as . picture. Checked, tested with 
Manual, £215 ea. 
As above but less data boards. 
Tested forward / backward 
tape movement and control, 
etc. Data entry / exit via read / 
write boards. £105 ea. 
Exactly as above but less key- 

t - r board and table. £80 ea. 
yew All units carriage paid. KEY- . 

.A BOARDS as pictured also 
- available at £20 each. Carr. :,1' £2.50. - 

----_. 

From the simple to understand electro mechanical / vacuum system to the +15 -1 5 +5 
Power Supply and hinged wire wrapped card frame, the flexibility and reliability are 
outstanding, this coupled with the ease of interfacing to a VDU, Mini/ Micro computer, etc., 
make all the Honeywell Keytapes on offer very fine value. 

COMPRESSOR /VACUUM 
PUMP 

Twin Cylinder opposed with Integral 1/211.P. 

220/110V 50HZ Single Phase Motor Tested & 
Checked £17.50 ea. 

MARCONI NOISE GENERATOR 
TF987 / 1. 

4 Ranges 0 -5; 0 -10; 0-15; 0 -30. 
Due to large purchases now priced at £17.50 
ea. ea. 

PRECISION EX- MINISTRY 
SIGNAL GENERATOR 

type 62 by DECCA. 95 to 160 MHZ. Two front panel 
switches connected to a motor driven system for rapid 
frequency change due to dial length can also be 
operated manually). Precision attenuator system. 
Internal/ External AM Modulation. Carrier level meter & 
%Modulation meter. 1MHZ & 10MHZ Crystal Markers. 
Provision for external crystal as marker. This equipment 
was used for aligning service type Aircraft receivers etc. 
Complete with leads etc Standard 240V. ONLY £15 
each. 

/ 
We are increasing our stocks of PUNCHES, READERS, PRINTERS, SYSTEMS etc - CALL 
and SEE. 

POLARAD SPECTRUM ANALYSER type SA84. 10MHZ to 40GHZ. £375. 
RHODE & SCHWARZ POLYSCOPE SWOB1 £500. 
RHODE & SCHWARZ GENERATOR BN41022 300- 1000MHZ £195. 
R &S DIAGRAPH & GENERATOR 3- 300MHZ. Very nice condition £500. 
RHODE & SCHWARZ ADMITTANCE METER BN3511. As new E65. 
POLARAD RECEIVER Model FIM -B2. Complete 1 -10GHZ £475. 
12- CHANNEL CHART RECORDER fsd 5V 20MA per channel £17.50. 
TELONIC SWEEPER 2000 -1 with LA -1M 20HZ -20KHZ £120. Other freq. available. 
MARCONI OSCILLATOR TF1101 20HZ- 20KHZ. Nice condition. Special price £50. 
MARCONI Wide Range Oscillator TF1370 Freq. range tOHZ to 10MHZ. Sine Wave; 
10HZ to 100KHZ Square Wave. High outputs up to 31.6V. Fantastic value at £90 ea 
MARCONI Generator TF867. 15KHZ to 30MHZ E80 ea. 
MARCONI ADAPTOR TM6113 for TF2700; TF1313; TF8688 £20 ea.. 
AIRMEC 4 trace scope Type 279. Large screen £120. 
COLLINS RECEIVER UNITS with built -in Tube and Power Unit 90MHZ to 10GHZ. No 
information - ex- Ministry. Type IP.tOULR. Limited quantity £60 ea. 
MARCONI TF142F DISTORTION FACTOR METER giving percentage distortion on a 
directly calibrated dial and includes all spurious components up to 30KHZ. £35 ea. 
AVO TRANSISTOR ANALYSER CT448 £30 ea. 
MARCONI PORTABLE FREQUENCY METER TF1026/ 11. 100 to 1 60MHZ. Very fine 
condition Sorry, now £27.50 ea 
DECCA NAVIGATOR DISPLAY UNIT. Very impressive. £12.50 ea. 
PRECISION SIGNAL GENERATOR. Type 62. Ex- Ministry. 110 -1 50MHZ. £15 ea. 
COURTENAY MAJOR Mk. 2. 250 joules, 5 outputs. Can be combined - 1250 joules. 
No heads £55 ea 
MARCONI SIGNAL GENERATORS. TF801 B from £140; TF801 D from £190. Usually 
available ex stock 
MARCONI DEVIATION METER. TF791D £75 ea. 
RHODE & SCHWARZ POWER METER. BNRD -BN 2412/50 £50. 
MARCONI RF POWER METER. TF1020A/ 1 50 ohmn £86. 
HEWLETT PACKARD 11 Channel Numerical Printer £30. 
MARCONI 20MHZ SWEEP GENERATOR. TF1099 £45. 
MARCONI DOUBLE PULSE GENERATOR. TF1400S with TM6600 /S E20. 
MARCONI TRAVELLING WAVE TUBE AMPLIFIER. TF1278/1 £15. 
RACAL Frequency Generator MA 250. Any multiple of 100HZ from 1.6MHZ to 31 6MHZ 

1 V RMS; 50 ohm output impedance. £120. 
RHODE & SCHWARZ Synthesizer BN444911 0- 30MHZ. Nice Condition £175. 
AIRMEC Generator type 304A. 50KHZ to 100M HZ. £120. 
AIRMEC MODULATION METER 210. £140. 
SOLARTRON Oscillator C0546. 25HZ to 500KHZ. Constant amplitude. Very reliable 
Highly recommended. In good condition £18 ea. 
PETROL GENERATOR. 115/230V 60HZ 1 OKWatt Standby rating Fine condition £350. 

CUSTOMERS - WE ARE INCREASING THE AREA GIVEN OVER TO INDIVIDUALLY 
PRICED ITEMS AND HAVE IMPROVED THE ACCESSIBILITY. Every week hundreds of fresh 
items are added to our shelves and lists. We are sure you will find a visit to us worthwhile 
FOR CALLERS ONLY MANUAL TYPEWRITERS. REMINGTONS -OLIVETTI etc. from £12.50 
each 
ROYAL INVERTORS manufactured USA. 28V DC Input Output 115V AC 400HZ up to 
2KVA. Brand new Crated £12.50 ea 

SOLID STATE 10MHZ OSCILLOSCOPE made by PLESSEY for the MINISTRY. Small, 
compact. Size approx 7 x 10 x 14ín. 1OMV Sensitivity. 3OVolt DC input. These new 
releases at Bargain price of ONLY £95 ea. LIMITED QUANTITY. 

SOLARTRON CD1212 SE. 40 meg E85. DB24meg twice £120. Many other types 
available 
Ex- Ministry OSCILLOSCOPE. CT436 Double beam DC -6MHZ £95 each. 
ONLY £10 EACH STABILISED POWER SUPPLY. 240V 50HZ input. Outputs - 15V @ 
1OA; +15V / 4A - 4.5v @ 12A - 2t.5V @.SA. Size 16 z 20 a 9 ". Auto overload trips 
on each voltage rail with push button resets. any OTHER POWER SUPPLIES - call and 
see. 
*TELEPHONES. Post Office style 746. Black or two-tone grey £6.50 ea. Modern style 
706. Black or two-tone grey £4.50 ea. P &P 75p ea. Old black style E1.50 ea. P &P 75p. 
TELEPHONE EXCHANGES. eg 15 -way automatic (exchange only) from £95. 
MUFFIN FANS. Size 5 x 5 x 115 ". Superbly quiet and reliable. Ex-eq. but tested. 230V @ 
£2.50 ea. P &P 75p. 
PHOTOMULTIPLIER Type 931A £4 ea. P &P 75p. Other types available, also suitable 
Power Supplies 
*POTENTIOMETERS - All 5p ea. P &P extra. Metal bodied AB Linear. PCB Mount. Brand 
New. 10K; 100K ganged; 250K ganged. 100K ganged. concentric shahs. 
*BEEHIVE TRIMMERS 3 /30pf. Brand New 10 off 40p P &P 15p, 100 off £3.50 P &P 
75p: 500 off £15 P &P £1.25: 1,000 off £25 P &P £1.50. 
LARGE RANGE ELECTROSTATIC VOLTMETERS. From 0 -300V 2" E3, to 20KV Max. 
General guide 5KV 3 1/2" £5. Thereafter E1 per KV. P &P 75p. 
VARIACS 240v input 0 -240v output 8A £18 ea.: 20A £30 ea. Carr. £2.50. 
E.H.T. TRANSFORMERS 20KV 2KVA £85 ea Many other EHT transformers and EHT 
Capacitors available. 
DON'T FORGET YOUR MANUALS. S.A.E. with requirements. 
TUBES. All Brand New Boxed. Electrostatic deflection. Type 408A 195" dia.. 71/2" long. 
Blue Trace E2.50 ea. P &P 75p. Type CVt 526 (3EG1) 3" dia. £3 ea. P &P £1. 
TYPE DB7/36 (Replacement for Telequipment 531) E71 ea P&P E1,50. 

FOR THE VDU BUILDER. New stock of Large Rectangular Screen 30 z 20cm tube 
Type M38 at the ridiculous price of £4 ea. And also still available the CME1220. 24 s 
15cm at £9 ea. 

RUBIDIUM FREQUENCY STANDARD by VARIAN, U.5 A Model 47008. Price Y 
£950. Output freq. 5MHZ; 1MHZ: 100KHZ. 1V RMS into 50 ohms. Stability 5 x 10 -11 
in any one year period. INPUT 28V DC + / -4V. 2.5A. Suitable Nife batteries can be 
supplied, if required, at extra cost 

SEMICONDUCTORS - All at Sp ea e. P &P extra Guaranteed all full spec. devices. 
Manufacturer's markings 
BC147; BC158; 2N3707,_BC107; BF197; BC327; 2N4403; BC172B; BC261 B; BC251 B: 
BC3488, BC171A /B; 2N3055RCA 50p ea. P &P Bp. 
2N5879 with 2N5881 Motorola 150 Watt. Comp. pair E2 pr. P &P 15p. 
*Linear Amp 709 25p ea P &P 8p. 
*SPECIAL OFFER 
Guaranteed full spec. devices Manufacturers' markings: BC204 & BC207A 4p ea P &P 
extra 

HILGER & WATTS SPECTROMETER H1170. E350. 

OUR PRICES TOO HIGH? - THEN MAKE US AN OFFER WE CAN CONSIDER 

CREED 5 -LEVEL COMBINED PRINTER AND PERFORATOR CRATED £35 each 

CREED 5 -LEVEL 
PAPER TAPE READER £25 each 

CREED 7B 
TELEPRINTER CRATED £40 each 

SPECIAL OFFER 
CREED 7B TELEPRINTER LATE MODEL WITH PERFORATOR. 
FREE WITH ALL PURCHASES PLESSEY READER £60 each. 

Minimum Mail Order t2. Excess postage refunded Unless stated - please add £2.50 carriage to all units 
VALUE ADDED TAX not included in prices - Goods marked with *121/2% 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. 

i 
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7/9 AH î HUR ROAD, READING, BERKS. (rear Tech. College, King's Road). Tel. Reading 582605 
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Strobes,Tachos, Meters, Generators and Telecommunications Test Equipment 

E.B. import and distribute 
high -grade products from 
World- renowned British 
& Overseas Manu- 
facturers. 

NEW FUNCTION 
GENERATORS 

Model 30 - Low 
cost E67! High 

to 
performance 00 kHz. Sie, 
Triangle and 
Square wave out- 
put 10V from 
6000. Variable 
symmetry and d r 
offset 

Model 301 Series. Highly versatile. nigh quality 
wave -form generator. 0.002 Hz to 2 MHz. Sine 
Triangle and Square wave outputs. 20 V pk to pk from 
500 Variable symmetry and d c offset Higher 
stability, premium version. 301A E295 
Standard Version. 301E (235 
Simpler. Lowcost Version E795 

G430 - Wide Band, versatile 1 Hz to 1MHe. Sine and 
Square -wave 10V rme or 20V pk to pk from 6000 

E55 
0432 - High performance 1He to 1 1 MHz Sine. 
Triangle and Square-wave Variable d c offset 5V to pk 
horn 500. variable plus simultaneous outputs at t Ov 
pk to pk bons 6009 £115 

WOW & FLUTTER METER 
WF971 Din 8 CC 
3000 & 3150Hz (Internal 
Oscillator) Flutter +01 %. '0 3 %. -1% Drift 
n2% E350.00 

Q4slC8 

PEN RECORDERS 
PEN RECORDER H -3020 SERIES 
1, 3 and 5 channel mstrument5 '2mA f s.d. 511z 
natural frequency 8 chart speeds from 
01.25mm /second Supplied complete with transit 
case and accessories. 
Prism 
Single Channel H3020 -1 E10e.00 
Three Channel H3020.3 £150.00 
Five Channel H3020.5 E240.00 
Plus Carriage & VAT 

MULTIMETERS 
See inside back 
cover for details 
of ICE Super 
range of multi- 
meters! 

AC CLAMP VOLT -AMMETER U.91 
AC Clamp Voltammeter. U 91 Brand New E14.50 
Spec Current 10-25-100-250-500 Amps. Voltage 
300. 600V. Accuracy 4% Used for measurements of 
AC Voltages and currents without breaking the circuits 
Ranges are selected by means of a Rotary Selector 
Switch P&P it t 
MEOOHMMETER TYPE M4100/3 
Megohmmeter. Type M4100/3 E39.50 
Nominal o/p Voltage (open cet .l 500V. High 
measurements Range (at 500V) 500M0 (Mid Scale 
5M0) Low measurements Range 1000KO. Portable 
(71bs ) and Hand operated c/w carrying case 

MULTIMETER U4324 
MORE RANGES 
FOR LESS 
MONEY! 
AC DC Multimeter type 
04324 A -DC 0 06 -3A - 
6 Ranges A -AC 0.3A -- 5 
Ranges C -DC 0 6 -1200V - 9 Ranges. V -AC 3 900V - 8 Ranges. Fret) in the 
ange of 45 to 20kHz. 
Resistance 500 ohm to 5 
Mohm - 5 Ranges Decr- 
bel - 10 to + 12 dB. 
Accuracy S 2,5% 
DC_ 4% AC 
Dimensions 167 r 98 a 

63mm 
Only E10.55 
POST & PACKING 60p 

SPECIAL PURCHASE 
Above U4324 instruments factory rebuilt at the 
unrepeatable price of £8.75. Limited quantity only 
P &P 60p 

NEW! MULTIMETER ÚM11 
(as illustrated in circle) 100kO /V on dc 150mV to 
1500 V F S. 2% accuracy. 31 6 k0 /Von ac. 1 5V to 
1500 V F S 3% accuracy Also features 10vÁ to 15A 
dc current. t 5A ac current. dB scale. Resistance ranges 
I10kO to 100 mO F S.II E39.50 P &P 85p 

AdoTID I 
prices MlOtrll. ELECTRONIC BROKERS LIMITED (New Products Division) 
Carrirya extra - 49 -53 Pancras Road, London N WI 2QB. TeI:O1 -837 7781 details on mesat. 

Callers welcome - 
Monday to Friday 
9 a.m. to 5 p.m. 

WW -077 FOR FURTHER DETAILS 

BARGAINS IN ELECTRONIC TEST EQUIPMENT 

Here are just a few of some 200 different types of 
Test Instruments and accessories from the 
world's leading manufacturers now available for 
sale from our own stocks in England or 
Germany. Many items are only 2 years old. 
Full details in the November Carston list available 
FREE from our companies in England, Germany 
or Holland. 

SALEorHI[CN 

Surplus 
Requirements 

I 

High Quality Electronic Test Equipment at a 
fraction of original price. 

Advance 
Advance 
Advance 
B &K 
B &K 
Rhode & Schwarz 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 
Hewlett Packard 

Marconi 
Tektronix 
Tektronix 
Philips 

OFS1 
TC14 
TC15 
2113 
4291 
SWOB 1 

1707B 
3701/02/03 
7045A 
34740A 1 
34702A J 
TF 2401 
465 
475 
PM 6630 

Droitwich Off Air Standard 
Timer Counter 250 MHz 
Timer Counter 250 MHz 
Sound Spectrometer 
Accelerometer Calibrator 
Sweep Generator 
75 MHz Oscilloscope 
Microwave Link Analyser 
XY Plotter 

Multimeter AC /DC /Ohms 

Timer Counter to 2.5 GHz 
100 MHz Oscilloscope 
200 MHz Oscilloscope 
160 MHz Frequency Counter 

Carston Electronics Limited 

Shirley House, 27 Camden Road 
London NW1 9NR, England. Tel: 01 -267 4257 

OR Euro Electronic Rent GmbH 
6100 Darmstadt, Bismarckstrasse 114, Germany 

OR Euro Electronic Rent B.V. 
Dorpsstraat 20, Nijmegen, Netherlands 

For FREE technical data, circle XX on postcard 

WW -049 FOR FURTHER DETAILS 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8, or 15 ohm £9.00 
Baker Group 35, 3. 8 or 15 ohm £10.25 
Baker Deluxe, 8 or' 15 ohm £13.38 
Baker Major, 3, 8 or 15 ohm £10.69 
Baker Regent, 8 or 15 ohm £9.00 
Baker Superb, 8 or 15 ohm £16.31 
Celestion HF1300 8 or 15 ohm £6.98 
Celestion MH 1000 horn, 8 or 15 ohm .. £13.50 
Coles 400 1 G super tweeter £5.90 
Coles 400 1 K super tweeter £5.90 
Decca London and X over £36.90 
Decca DK30 and X over £24.70 
EMI 5" Mid range £3.15 
EMI 61/2" d /cone roll surr. 8 ohm £3.93 
EMI 8 X 5, 10 watt, d /c. roll /s 8 ohm £3.75 
EMI 14" e 9" Bass 8 ohm £11.92 
Elac 59RM 109 15 ohm, 59RM 1148 ohm£3.38 
Elac 61/2" d/c roll /s 8 ohm 
Fane Pop 15 watt 12 
Fane Pop 33T 33 watt 12" 
Fane Pop 50 watt, 12" 
Fane Pop 55, 12" 60 watt 
Fane Pop 60 watt, 15" 
Fane Pop 70 watt 1 5" 
Fane Pop 100 watt. 18" 
Fane Crescendo 12A or B, 8 or 15 ohm 
Fane Crescendo 15, 8 or 15 ohm 
Fane Crescendo 18, 8 or 15 ohm 
Fane 807T 8" d /c, rolls /s, 8 or 15 ohm 
Fane 801T 8" d/c roll /s 8 ohm 
Goodmans 8P 8 or 15 ohm 
Goodmans 10P 8 or 15 ohm 
Goodmans 12P 8 or 15 ohm 
Goodmans 12P -D 8 or 15 ohm 
Goodmans 12P -G 8 or 15 ohm 
Goodmans Audiom 200 8 ohm 
Goodmans Axent 100 8 ohm ..... . . 

Goodmans Axiom 402 8 or 15 ohm .. . 

Goodmans Twinaxiom 8" 8 or 15 ohm 
Goodmans Twinaxiom 10" 8 or 15 ohm 
Kef T27 
Kef T15 
Kef B110 
Kef B200 
Kef B139 
Kef DN8 
Kef DN12 
Kef DN13 
Richard Allan HP8B 8" 45 watt 
Richard Allan CG8T 8" d/c roll /s 
Baker Major Module, each 
Goodmans Mezzo Twinkit, pair 
Goodmans DIN 20, 4 ohm, each 
Helme XLK35, pair 
Helme XLK40, pair 
Helme XLK30, pair 
Kefkit 1, pair 
Kefkit Ill, each 
Richard Allan Twinkit, each 
Richard Allan Triple 8, each 
Richard Allan Triple 12, each 
Richard Allan Super Triple, each 
Richard Allan RA8 kit, pair 
Richard Allan RA82 kit, pair 
Wharfedale Linton 2 kit (pair) 
Wharfedale Glendale 3 XP kit, pair 
Wharfedale Dovedale 3 kit, pair 
All Radford, Gauss, Castle, Jordan Watts, Eagle, 

Lowther, Peerless Tannoy units in stock 
Prices correct at 11/11/76 

ALL PRICES INCLUDE VAT 
Cabinets wadding, Vynair, Crossovers etc. 

Send stamp for free 38 page booklet 
"Choosing a Speaker" 

FREE with all orders over £10 - 
Hi-Fi Loudspeaker Enclosures Book 

All units are guaranteed new and perfect 
Prompt despatch 

Carriage: Speakers up to 12" 60p; 12" £1; 15" 
£1.75; 18" £2.50. Kits £1 each (£2 per pair). 

Tweeters & Crossovers 33p each. 

£3.95 
£5.50 
£9.75 

£12.50 
£16.75 
£19.95 
£21.75 
£33.95 
£42.95 
£54.95 
£75.95 

£5.18 
£8.96 
£6.50 
£6.95 

£16.50 
£18.75 
£17.75 
£14.95 
£8.50 

£22.00 
£10.60 
£10.95 
£5.75 

£10.75 
£7.95 
£9.25 

£17.95 
£2.50 
£6.95 
£4.95 

£12.50 
£7.95 

£13.28 
£51.95 
£15.75 
£26.75 
£38.50 
£21.95 
£51.00 
£46.00 
£13.95 
£20.75 
£25.95 
£29.50 
£37.80 
£59.40 
£21.50 
£47.70 
£59.40 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers & Export Dept: Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1HF. 
Discount Hi -Fi, PA etc: 10 Swan Street, 
Wilmslow. Radio, Hi -Fi, TV: Swift of Wilms- 
low, 5 Swan Street, Wilmslow. Tel. 
(Loudspeakers) Wilmslow 29599, (Hi -Fi, etc.) 
Wilmslow 26213. 
Access and Barclaycard orders accepted by 

phone. 

WW - 011 FOR FURTHER DETAILS 

GIRO NO. 331 7058. Access ene 
Barclaycard accepted. C.W.O. only 

Tema of business as in our catalogue 
Export Order enquiries welcome (E5 min - 

Offiei.l Orders accepted from 
Educational & Government Deportations" 

ALL PRICES INCLUDE VAT & P.&.P 
E. &0. E. Shop hours: 9- 12.30, 1.30 -5 p.m. 5 days 

1 - .1977 ISSUE 66 PAGES - 3000 ITEMS. 
FULLYILLUSTRATED 

20p CREDIT YOUCXERS + ALL NEW STOCK 
SATISFACTION 

GUARANTEE 
DISCOUNTS 

C+', Plus l'5p 

/14:40A,, 
Postage TRANSFORMERS 

746 
.,/ SEMICONDUCTORS 

MODULES - AUDIO wk. 
HEATSINKS - S -DEC 

00 S. AUDIO ACCESSORIES 
4rfre TOOLS - TEST METERS 

5e CALCULATORS - AUDIO 
LEADS-BATTERIES-KITS 

RS - CITRS 
CASE COIBOKS 

OAS 
O BO% 

sA- 
SCREWS - KNOBS 

POTS - STORAGE UNITS.. ETC., ETC. 

SPECIAL RESISTOR KITS ¡CARBON Fit M , 1 

(Prices include post & packing) 
.10E12 ' /eW or ' /4W KIT 10 of each E12 value. 
22ohms -1M, a total or 570 £5.29 net 
25E12 YeW or ' /.W KIT 25 of each E1 2 value, 22 
.ohms. -1 M, a total of 1425 £12.64 net 

SPECIAL CAPACITOR KITS 
5280 Kit -PC Mounting polyester 250V 5 of each value 0.01, 0.022. 

0.041.0.1.22µF. 2 of 0.47. Iµ4 E1.98 net. 

C296 Kil- Tuhular polyester 400V 5 of each value 0.01.0.022. 0.047. 0.1. 
0.22pf. 2 of 0.47µF E2.67 nel. 

Ceramic Kit- sgoare plaque 50V 5 of each value 22.33.47.100.220,330: 
470. 1000µF. 2200.4700µF. 0.01µF £1,66 net. 

2500 Paper Kit -Tubular metal casp. 3 of each value 0.05. 0.1. 0.25. 
0.5 lµF ELM tel. 

5001,1 Paper Kit -Tuhular metal case. 3 of each value 0.025. 0.05. 0.1. 
0.025. 0.51.F £1.41 net 

I OO l5 Piper .1(11- Tuhular Metal case, 3 of each value 0.01. 0.025. 0.05, 
0. l µF £ 1.63 nel. 

B.H.'COMPONENT FACTORS LTD. 
MULTIMETER U4341 

27 Ranges plus Transistor Tester 
16, 70052/ Volt. 

Vdc-- 0.3 -900V in 8 ranges. 
Vac --1 5 --750V in 6 ranges 
I dc-- 0.06- -600mA in 5 ranges. 
lac- 0.3 -30omA in 4 ranges. 
Resistance --2K 52 -2M S2 in 4 ranges. 
Accuracy-dc Accuracy.-dc-2½% 
ac --4 %of F.S.D. 
hfe -10 -350 in 2 ranges. 
Size --1 1 5 x 21 5 x 90mm. 
Complete with steel carrying case, test 
leads and battery PRICE £16.66 net 

U4341 

MULTIMETER U4313 
33 ranges Knife edge with mirror scale 
20.000S2/ Volt. High accuracy. mVdc -25m 
Vdc --1 5-600V in 9 ranges. " 

Vac -1 5 --600V in 9 ranges. 
Ide -60- -120 microamps in 2 
lao -0 6-- 1500mA in 6 ranges 
lac -0.6- 1500mÁ in 6 ranges. 
Resistance -- I KU -1 Mil in 4 ranges 
db scale -10 to + 12db. 
Accuracy --dc-11/2%, ac-21/2%. 
Size- -115 z 215 z 90mm. 
Complete with steel carrying case, test 
leads, and battery 
PRICE £19.90 net U4313 

MULTIMETER U4323 
22 Ranges plus AF /IF Oscillator 
20.0000 /Volt. . 

Vdc- 0.5- -1000V in 7 ranges. 
Vac- 2.5 -1000V in 6 ranges 
Idc- 0.05 -500mA in 5 
ranges. 
Resistance-50-1M 0 in 4 ranges 
Accuracy -5% of F.S.D. 
OSCILLATOR -1 KHz and 465 KHz (A, M.) at approx 1 

Volt Size- -160 x 97 x 40mm. 
Supplied complete with carrying case, test leads and 
battery 
PRICE £13.96 net. U4323 

MULTIMETER U4324 
34 Ranges High sensitivity. 
20,0000 'Volt. 
,Vdc- 0.6 -1200V m 9 ranges. 
Vac-- 3 -900V in 8 ranges. 
Idc0.06 -3A in 6 ranges. 
lac -0 3-3A in 5 ranges. 
Resistance -- 255 ? --5MS2 in 5 ranges 
Accuracy -dc and R -21/2% of F.S.D. 

ac and db 4% of F.S. D. 
Size -167 x 98 x 63mm. 
Supplied complete with storage case. test 
leads. spare diode, and battery. 
PRICE £16.66 net. U4324 

(WW), LEIGH ON ELECTRONICS CENTRE, 59 
NORTH STG.ci, LEIGHTON BUZZARD, LU7 7EG 

I i' I i''ohi /n B uzza,d 2.116 I Std rode 051531 
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RELAYS- UNISELECTORS- 
SWITCHES 
MINIATURE PLUG -IN RELAYS (Siemens. Varley) 
with perspex dust cover and base. 

' 6- 12- 24 -48e D.C. In Stock 
2 c/o 50p: 6 make 80p 
4c/o 75p: P & P 10p 

S.T.C. MINIATURE (P.C. Mounting) 
with dust cover 
2 c/o (18 / 24v) 45p P.P. 10p 
4 do 124/36x1 50p P.P. 10p 
6 c/o (36/ 48v) 75p P.P. 10p 

CLARE -ELLIOTT MINIATURE RELAYS 
(Hermetically sealed) 2 c/o 675 ohm 
24v D.C. Coils (22 x 22 z 10 mm) np 
I.T.T. 240v A.C. Plug -In RELAYS 
(with perapee cover) 10 amp contacts 
2 c/o 85p 3 c/o 75p P.P. 10p 

mains (230v A.C.) RELAYS OPEN TYPE 
Chassis mounting (60 x 60 x 35 mm) 
2 c/o 5 amp contacts 60p P.P. lop 
REED RELAY 3 MAKE (50 x 20 x 20 min) 
3500 ohm coil 24v D.C. 50p 

REED SWITCHES (1 MAKE) 
Type 1 (18 x 3 mm) 12 for £1 
Type 2 (48 x 5 mm) 8 for E1 

G.E.C. RATCHET RELAYS 
310 ohm Red or Blue Cam. £1 P.P. 20p 
UNISELECTOR525 WAY 
5 Bank Full Wipe 75 ohm £5.50 P.P. 50p 
6 Bank Full Wipe 75 ohm £6.25 P.P. 50p 
12 Bank Half Wipe 68_ohm Eß.50 P.P. Soo 
CLARE TYPE 11 UNIBELECTOR (Ex Equipment) 
6 Bank 10 way 100 ohm £2.50 P.P. 25p 
D.C. SOLENOIDS 24v (Cont. Rated) 
10Ib Pull .20 mm Stroke. Size 50 x 48 x 42 mm 
75p P.P. 15p 

FOOT SWITCH "SOUARE -D" M.D. 
20 A Make / 10A Break at 240v A.C. 
600v A.C. / D.C. Max. £4 P.P. 75p 

BURGESS MICRO SWITCHES (VCSP) 
Single Pole c/o 8 for £1 P.P. 10p 
DECADE (THUMBWHEEL) SWITCHES 
6mm Digits. 50p each. Bank of 8 with mounting brackets £3 
P.P. 20p 
DECADE INDICATOR SWITCHES with plus & minus 
Push Buttons. 6 mm digits 75p each P.P. lop 

.Also in B.C. D 

KEY SWITCHES '1000' TYPE 
4 c/o each way locking 60p P.P. 10p 
6 make each way locking 60p P.P. 10p 
Bank of 4. 4 c/o each way 1 biased E1.25 P.P. 15p 

MULTICORE CABLES 
SCORE RIBBON (RAINBOW) CABLE 
8 x 14/76 Forming 1/2 in wide strip 
10m -£1.50: 50m- £6.50: 100m- E12.00 P.P. 1 p per 
metre 

5 CORE H.D. CABLE 5 x 70776 P.V.C. 
Black Outer P.V.C. O.D. '/z in 
10m- £2.50: 50m -£12: l00m- E22.50 P.P. 2p per 
metre 

6 CORE ARMOURED 6 x 40/76 P.V.C. INS 
Outer Sheath -Flexible GalvanisedTubing. O D. %in. 
10m -£3: 50m -E14: 100m -£25. P.P. 2p per metre 

6 CORE SCREENED 6 x 7/76 O.D. 6 m.m. 
10m-E1.50: 50m- E6.50: l00m- £12.00 P.P. 2p per 
metre 

36 CORE SCREENED 36 x 7/76 (36 colours) 0.0 
11m.m 
10m -£3: 50m -£14: 1 00m-£25 P.P. 2p per metre 

VARIOUS 
E.H.T. MODULES. Input 190 -260e 50 HZ. Output 13.7Kv 
PK @ 0.50 m /a. (150 x 95 x 70mm) £1 2. P.P. £1. 
AIR PRESSURE SWITCH 0 -10 lb Variable 
Switch Contacts 15 amp. Change-0Jer £1.50 P.P. 25p 
10.7 MHZ CRYSTAL FILTERS (I.T.T. 9016) 25 Khz 
8 /W. E4.00 
M.D. THYRISTORS 85 amp 100 P.I.V. 
On deep finned heat sink. E2.50 P.P. 50p 

"BLEEPTONE" AUDIO ALARMS 
12v D.C. 50p P.P. 10p 

GEARED MOTORS 230v A.C. (Int. Rating) 
110 r.p.m. E2.25 P.P. 75p 
MAGNETIC COUNTERS 
6 digit 48v D.C. (Non- Reset) 92 x 32 x 22 m.m. 
New /Boxed £1 ea P.P. 15p 
NUMICATORS 0-9 (L. H ' R. H. Decimal Point) 
light conducted from individual 12v bulbs onto display. 
Character size 20 x 10 mm overall size 25 x 60 x 68 mm 
E1.50 P.P. 25p 
D.C. POWER SUPPLIES Input 240e A.C. 
TYPE 1 20v D.C. at 1 amp. Fully regulated 1.55 o 155 o 75 
mm totally enclosed £5 P.P. 75p 
TYPE 2 20v D.C. at 500 m /a stabilised on open chassis 170 
z 100 mm £2.50 P.P. 75p 

PHILIPS MOBILE RADIO P.S.U. 
Input 240V A.C. Output 32V at 1.5 Amp D.C. £5.25 P.P. 
75p 

TELEPHONE HANDSET with "Press to Speak" switch 
£1.50 P P 25p 

PLEASE ADD 8% V.A T 

J. B. PATTRICK 
191 /1u3 LONDON ROAD 

ROMFORD, ESSEX 
RM7 9DJ 

ROMFORD 44473 
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Appointments 
Advertisements accepted up 
to 12 noon Tuesday, January 
4 , for the February issue, 
subject to space being avai- 
lable. 

411. 

DISPLAYED APPOINTMENTS VACANT: £6.50 per single col. centimetre (min. 3cm)., 
LINE advertisements (run on): £1 per line, minimum three lines. 
BOX NUMBERS: 45p extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU.), 
PHONE: Owen Bailey on 01 -261 8508 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

i 

SENIOR SYSTEMS ENGINEERS 

& LOGIC DESIGNERS 

ELECTRONIC ENGINEERS 

INTERMEDIATE /JUNIOR LOGIC DESIGNERS 

The company has vacancies for the above in their Engineering Hardware Department. 

Applications for the senior systems engineer and logic designer vacancies must have a relevant 
degree or equivalent qualification and have had several years experience in the computer field 
including complex digital equipment. They must have the ability to understand sophisticated central 
processor design under development and be able to play a significant part in that design. 

Electronic engineers are required for the design and development of computer memories, power 
supply units, displays, processors and peripheral equipment. Applicants must have a relevant 
degree or equivalent qualification e.g. HNC, and a minimum of 1 / 2 years' practical experience. 

Junior Logic designers are required to work on either the development of computers and associated 
equipment or the design and development of special purpose test equipment. Applicants must have 
a relevant degree or equivalent qualification e.g. HND, ET5, etc., and have had some practical 
experience of logic design. Simple programming experience would also be an advantage although 
this is not essential. 

Specialist training will be given for all of the above positions and there it- a company training scheme 
for junior staff. 

These positions attract competitive starting salaries and career progression is based on ability and 
performance. There is a contributory pension scheme and other fringe benefits normally associated 
with a large organisation. 

Those interested should apply in writing or telephone to Mr. D. F. Watts, Personnel Department, 
GEC Computers Ltd., Elstree Way, Borehamwood, Herts. Tel: 01 -953 2030, ext. 3697. 

GEC Computers Limited Sde 

University of London 
Institute of Laryngology and 

Otology 
330/336 Gray's Inn Road, Lon- 

don, W.C.1 
(Close to King's Cross Station) 

ELECTRONICS 
TECHNICIAN II 

for research Institute for maintenance 
and design of audiological electronic 
equipment. HNC in electronics of 
equivalent qualification essential. 
Salary scale 6, commencing in the 
range of £3,918-£4,119 rising to 
£4,524 (including London Weighting 
and pay supplement). 
Applications to the Secretary- Admin- 
istrator, at above address, quoting 
referees. 

(6758) 

CCTV /AV TECHNICIAN 
£2,841 - £3,165 

A vacancy exists for a technician in a 

developing colour CCTV studio in an 
attractive location. The fully equipped 
studio uses new types of colour 
camera, editing VTRs, etc., for 
training and production. Studio 
operation and maintenance of this and 
other A/V equipment is required. 

Further details and application forms 
are obtainable from the Personnel 
Officer, Brighton Polytechnic, 
Moulsecoomb, Brighton, BN2 4GJ. 
Tel. 0273. 67304. Closing date 2 

weeks after publication of this adver- 
tisement. 

(67521 

PI PCO 
(S & W SERVICES) 

For Electronic Engineers, Technicians 
& TV Service Engineers. 

26a High Street 
Hounslow, Middx. 
Tel: 01 -572 7363 

Telex Pipco Hounslow 935413 
(65521 

CAPITAL APPTS. 

FREE LISTS 
101 

Design /Development 
and Test Jobs. 
Permanent and 

Contract 

To £6,000 

637555Jdep, 550 01134feré 

KING'S HEALTH DISTRICT 
(TEACHING) 

Department of Biomedical 
Engineering, Dulwich Hospital 

ELECTRONICS 
TECHNICIAN 

required to join the Department of 
Biomedical Engineering to assist 
research groups within the depart- 
ment with the design, development 
and maintenance of electronic signal 
processing equipment using analogue 
digital and radio- frequency tech- 
niques. 
Applicants should possess an ONC or 
equivalent in electronics as a mini- 
mum. Additional industrial experience 
would be an advantage. 
The post is tenable for 1 year in the 
first instance but is renewable up to a 

maximum of three years. Initial salary 
will be within the range of 
£2,808- £2,922 including London 
Weighting and salary supplement 
commensurate with experience and 
qualification. 

Application forms available from the 
Personnel Office, King's College 
Hospital, Denmark Hill, London, 
S.E.5. Tel. 01 -274 6222, ext. 2753 
(Medical Staffing), should be com- 
pleted and returned by December 
31st, 1 976. 

(6745) 

Kingston Polytechnic CCTV 
unit 

ASSISTANT 
ENGINEER /PRODUCER 
for the maintenance and operation of 
TV cameras and recording equipment. 
The ability is required to help staff and 
students in preparation and making of 
short TV programmes. HND electron- 
ics or applied physics or equivalent 
necessary plus keen interest in 
photographic presentation problems 
of TV work. - 

Salary grade AP3 / 4 £2,922 -£3,702 
+ £312 supplement, + £261 London 
Allowance. 

Application form from Assistant 
Registrar, Kingston Polytechnic, 
Penrhyn Road, Kingston upon 
Thames KT1 2 E E. 01 -549 1366. 

(67301 

MARINE BIOLOGICAL ASSOCIATION 
OF THE U.K. 

ELECTRONICS 
TECHNICIAN 

required at the Plymouth Laboratory to 
assist with the maintenance and construc- 
tion of a wide range of electronic 
instruments used in biological research. 
Minimum qualifications ONC or equivalent. 
Salary (based on the Civil Service scale for P 

& TO IV) at age 21 £2.425, rising by 12 
annual increments to £3,450, plus 
£313.20 per annum special pay award. 
Apply in writing, giving details of age, 
qualifications and experience, and naming 
two referees, to The Director, The 
Laboratory, Citadel Hill. Plymouth, PL1 

2P8 
(6718) 
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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 

ROYAL COLLEGE OF MUSIC 
Audio Electronic Technician 

Full -time non -residential 
vacancy late January 

Interest in and knowledge of music essential. 

Responsibilities: general maintenance and repairs in Electronic Music and 
Recording Studios plus other equipment, storekeeping, ordering supplies, 
assisting P.A. and recordings, some work with students. 

Salary range £3,500 to £4,000. 

Apply in writing by 17th January latest to Bursar, Royal College of Music, 
Prince Consort Road, London, SW7, giving relevant experience. 

167221 
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LINK 
TELEVISION 

Increasing orders for our sophisticated equipment, from both the home and export markets, give us the opportunity to recruit 
additional electronic engineers. Our products cover a complete range of monochrome and colour cameras as well as a whole variety 
of studio broadcast equipment. 

TEST ENGINEERS 
Experience of working with broadcast TV equipment is more important than the academic level of degree/ HNC. In any case, you must have had some years 
working with modern communications equipment and experience solely of domestic television is not sufficient. Knowledge of the latest circuit techniques 
is essential as you will be expected to have the ability to rapidly come to terms with our designs. 

DEVELOPMENT ENGINEERS 
You would be working with our R & D team on design and development of anything from amplifiers and coders to broadcast colour cameras. Some 
knowledge of television would be a g4eat advantage as experience could have been gained in your present job or at university. 
We have a modern factory in a very pleasant part of Hampshire, within easy reach of several major towns, London, the South Coast and the Midlands are 
all easily accessible. Our terms of employment are excellent and include free life and health insurance, pension scheme, generous holidays, staff restaurant 
and relocation expenses where necessary. 

Please write or phone (reverse charge) Mic Comber, Personnel Manager, Andover (0264) 61 345. Brief details only at this stage as we will ask 
you to complete an application form on which you can give as much details as you think relevant. LINK Walworth Industrial Estate, 

Andover, Hampshire, England Telephone: Andover (0264) 61345 

ELECTRONICS 

Re advertisement for Link Electronics in December issue. Wire less World would like to apologise for the ommission of the Company's name from this advertisement. 

Service 
Engineers 

F W O Bauch Limited is a principle 
supplier of professional recording and 
broadcast equipment and has recently 
become sole UK agents for a range of 
quality Hi -Fi equipment. 

Arising from this broadening of the 
product range, we are currently seeking 
experienced engineers to work in our 
service department on the entire product 
range. 

If you have a good knowledge of tape 
recorders and audio equipment and would 
like to work in our modern laboratory, 
write in confidence to : 

The Managing Director 
F. W. O. Bauch Limited 

49 Theobald Street, Boreham Wood 
Herts WD6 4RZ 

(6737) } 
R. & D. ENGINEERS 

Required to work on cable television systems for the 
domestic and surveillance market. Engineers should 
hold a degree, or equivalent qualifications, and have 
some knowledge of either linear H.F., video, or 
modulator / demodulator circuit design. 

One of the posts will be at a senior level and in this case 
relevant experience is expected. 

Salaries will be commensurate with qualifications, age. 
and experience. 

Fringe benefits include a contributory pension / life 
assurance scheme, subsidised canteen and outdoor 
facilities for mini -golf, tennis and free car parking. 

If you are seeking a responsible position in R. & D. write, 
giving full details of your career to date, or telephone 

Dr. G. O Towler, B.Sc., Ph.D. (Manager) 
Research & Development Establishment 

British Relay (TV) Ltd. 
Cleeve Road 

Leatherhead, Surrey 
Tel. Leatherhead 76056 

BRITISH RELAY 
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Revitalised economy - superb location! 
Together with most other countries, Zambia has recently been 
affected by the worldwide economic recession. Now our economy 
is surging forward strongly again, revitalised partly by significant 
advances in the country's agricultural industry and rising copper 
prices on world markets. Come here on a 3 -year contract and 
your skills will be welcomed - and broadened. You'll enjoy the 
warm, pleasant climate in this totally land- locked country, larger 

than France, Belgium, the Netherlands and Switzerland com- 
bined. You'll enjoy the scenery too: although mainly a broad 
plateau, Zambia also features spectacular mountains, a certain 
amount of dense forest, imposing rivers, vast lakes and extensive 
game reserves. Its many large cities and towns contain all the 
normal modern facilities and are linked by excellent roads and 
rail services. 

Post & Telecommunications Corporation 

Chief Engineers 
K6756 -K7200 (c.L5067- L5400). 

Supplement C4902 (married), L2784 (single) 
Requirements: 

Electrical or Telecommunications Degree plus senior manage- 
ment experience. 

Responsibilities: 
Either: planning switching and external plant networks; or 
planhing budgets and methods including long -term income/ 
expenditure forecasts, staffing and training requirements and 
long /medium /short -term national planning; some training is 
involved and you will report to the Assistant Director, Planning. 

Principal Engineers 
K6324 -K6756 (c.C4755- £5067). 

Supplement £4704 (married), £2586 (single) 
Requirements: 

Electrical, Electronic or Telecommunications Engineering degree; 
senior management experience. 

Responsibilities: 
Either: (a) controlling switching planning groups, including major 
projects management, requiring crossbar /electronic switching 
systems experience; or (b) controlling, advising on planning, 
budgets methods, staff; co- ordinating long /medium /short -term 
plans and preparing capital estimates; some staff training. You 
will report to the Chief Engineer. 

Senior Engineer 
K5700 -K6108 (c.C4275- 05281). 

Supplement £4524 (married), 02406 (single) 
Requirements: 

C & G Final or equivalent; initiative and responsible managerial 
experience of at least 3 years. 

Responsibilities: 
(a) For external plant - preparing development scheme and 
contract specifications; familiarity with latest overhead and 
underground system methods is essential. 
(b) For switching - implementing plans, preparing for and 
evaluating tenders; crossbar systems experience is essential. 
(c) For planning, budgets, methods - preparing plans and 
engineering instructions, studying /reporting on new techniques, 
recommending new methods in radio /transmission, switching 
and external plant. 
(d) Planning, budgets and methods - preparing /maintaining an 
annual works programme, preparing time /resource diagrams, 
monitoring project progress. 

Engineers 
K53I6 -K5700 (c.L3987- 14275). 

Supplement L4296 (married), L2232 (single) 

Requirements: 
C & G Final or equivalent plus initiative. 

Responsibilities: 
Either for: (a) telegraph and subscribers' apparatus including 
specifications /tender evaluation /type approval; 
(b) power and accommodation - liaising with field staff /contrac- 
tors in such areas as power plant maintenance; 
(c) Liaison with engineering, sales, traffic sections, special 
investigations, co- ordination Cif such staff as aerial riggers and 
diesel mechanics. In all cases staff training is probably involved. 

Technician I posts 
K4416.K5136 (c.L331243852). 

Supplement !.4134 (married), L2070 (single) 
Requirements: 

C & G Intermediate or equivalent plus appropriate experience. 
Responsibilities: 

Either: (a) External (underground /overhead) plant; (b) switching; 
(r.) radio and transmission; (d) power and air -conditioning; 
(e) stores liaison; (f) power /accommodation maintenance; 
(g) diesel maintenance.. (h) shift leader - earth station (non- 
automatic satellite ground station and its links); (i) day -to -day 
maintenance of a small rural area; (j) switching construction 
supervision; (k) transmission construction supervision. In all 
cases staff training may be necessary. 

Technician 11 posts 
K3756 -K4416 (c.C2817- 13312). 

Supplement L3846 (married), L1830 (single) 
Requirements: 

C & G Intermediate or equivalent plus appropriate experience. 
Responsibilities: 

Either: (a) external plant - including line surveys, and estimate 
preparation; (b) external works supervision - cable /duct 
installation by contractors, underground /overhead work by 
Government staff. In both cases staff training will be included in 
duties 

Technician III posts 
K2388 -K4410 (L1791- L3308). 

Supplement 13804 (married), LI788 (single) 
Requirements: 

C & G Intermediate, initiative, 4 years' experience after training. 

Responsibilities: 
Either: (a) Microwave maintenance; (b) strowger maintenance; 
(c) Pentaconta maintenance (BXB I121); (d) LM Ericsson main- 
tenance (ARK, ARF, and /or ARM); (e) Multiplex maintenance; 
(f) PABX maintenance. 

Strong financial attractions 
As well as the salary quoted, you will enjoy TAX -FREE supple- 
ments, a TAX -FREE terminal gratuity, low -cost accommodation, 
low taxation and free passages. Together, these add up to excep- 
tional real earnings. Starting salaries relate to .qualifications / 
experience, while gratuities total 25% of basic salary. Salary - 
related supplements are reviewed annually and paid by the 
British Government to designated British nationals (annual maxi- 
mum is shown), while appointment grants. education allowances, 

car loans, medical aid assistance and free holiday visits for children 
educated in Britain are also provided for those receiving supple- 
ments. N.B. Sterling equivalents given are approximations only 
due to constant exchange rate fluctuations. 
For further information please send full personal/ professional 
details (without obligation and in total confidence), indicating 
which position interests you, to: Recruiting Officer (Room 33), 
Zambia High Commission, 7 -1 1 Cavendish Place, London W1 . 

(6538) 



The BBC requires Senior Laboratory 
Technicians in the Service Planning Section of its 
Research Department at Kingswood Warren, Surrey. 
Candidates should have a good knowledge of 
propagation theory and be familiar with basic 
electronic circuitry. Education to O.N.C. or equivalent 
level would be an advantage.They will be expected 
to show initiative and, following a brief period of 
training, they will be expected to work with the 
minimum of supervision. Although based at the 
Research Department, they must be prepared to 
travel and work for periods anywhere in the United 
Kingdom; this will include working some weekends. 
The normal- arrangements for such duty ensure 
regular visits to base. 
Salary, dependent on qualifications and experience, 
will initially be in the range £2514 to £3006 (plus 
from £10.86 to £17.38 per month Pay Supplements, 
according to earnings under current Incomes 
Policy). Successful candidates, on gaining relevant 
experience will be able to progress further. 
Application forms may be obtained from Research 
Executive at the address below, by letter or by 
phoning Mogador 2361. BBC Engineering 
Research Department (696 /JME), Kingswood 
Warren, Tadworth, Surrey KT20 6NP- 
Reference Number, 76.E.2314/WW 

(6723) 
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AMPEX f'(iIIRC 

PROJECT LEADERS 
around £6,500 

PROJECT ENGINEERS 
around £5,500 

PROPOSAL ENGINEER 
around £5,500 

AMEPX, the world's leading manufacturer of broadcast video 
recorders, is successfully established in the field of studio and mobile 
systems manufacture. Now, with our complete range of colour TV 
cameras, we have the key items to strengthen our position. 
We are in the process of expanding our systems activity, based in 
Reading, and are therefore seeking highly experienced staff to deal 
with our customers in East and West Europe, Africa and the Middle 
East. 

We have positions for 

PROJECT LEADERS who will be capable of working independently 
and be responsible for supervision of construction, cost control, site 
commissioning and customer liaison. It is essential that the successful 
applicants have experience in all of these areas. 
PROJECT ENGINEERS who will have actual experience of television 
systems planning, installation and maintenance of TV studios and O.B. 
mobiles, and who will report to the Project Leaders. 
Both the above positions involve travel abroad and applicants should 
preferably have already travelled to countries within our market area. 
PROPOSAL ENGINEER to join our existing team preparing proposals 
based on the customer's specification. It is essential that applicants 
have operational experience in TV studios and mobiles and are familiar 
with the characteristics of video and audio switchers, lighting, power 
and air -conditioning. 

Starting salaries for each of the positions will be commensurate with 
experience and ability. Assistance with relocation expenses is available 
where necessary. The Company operates a contributory Pension 
Scheme and subsidised cantreen facilities are available. 
Applications, together with curriculum vitae, should be sent to the 
Personnel Manager, Ampex Electronics Limited, 72 Berkeley Avenue, 
Reading RG1 6HZ, quoting reference "Systems" 

(6754) 

TEST 
ENGINEER 

We are a small but well established 
company, designing and manufac- 
turing advanced scientific instru- 
ments. 
An Engineer is required for our Test 
Department in which the responsibi- 
lities include fault finding, testing 
and calibration of electronic equip- 
ment. 
The work is varied, as most systems 
are specified to match customers 
particular requirements. 
A mature person with several 
years' industrial electronic exper- 
ience and qualifications to HNC or 
equivalent is desirable. 
This is a permanent position. Good 
working conditions including 
371/2-hour, 5 -day week, pension 
scheme, 18 days holiday and free 
canteen facilities. 
For further information please write 
of telephone: 

Mrs. S. Hutchinson 
Personnel Officer 
John Hadland (PI) Limited 
Newhouse Road 
Bovingdon 
Hemel Hempstead 
Hens. . 9 is 
Tel. Hemel Hempstead 832525 

6735 

GRANADA TELEVISION LIMITED 

Project and 
Investigation Engineers 

(Male or Female) 

We are looking for two graduate -level electronic engineers to work 
on special projects and investigations at our Manchester Studios. 
Responsibilities will include installation and trouble- shooting on 
complex video and sound equipment together with the provision of 
specialist maintenance advice and assistance to operational 
engineering staff. 
Candidates, not over 30, must have a degree or HND in Electronics 
Engineering and have received a thorough training in modern 
digital and analogue technology. Previous experience of broadcast 
or CCTV equipment is desirable and some experience with 
computers will be an advantage. 
Salaries are negotiable up to £5294 depending on qualifications 
and experience. Some travel to manufacturers' premises both in the 
UK and abroad will be involved as an ongoing requirement. 
Conditions of service are good, with 4 weeks' paid holiday and 
generous pension and free life assurance benefits. 

Apply in writing to R. J. Connell, Granada Television 
Limited, Quay Street, Manchester M60 9EA. 

JUNIOR ELECTRONICS TECHNIC- 
IAN to help with service and main- 
tenance of large language 
laboratory (100 booths) and A -V 
equipment in West End. Experience 
in audio equipment maintenance 
essential, preferably in a language 
laboratory. Write with full details 
to: Sally Walker, Head of Studio 
Services, L.T.S., 108 Cromwell 
Road, London SW7 4ES. (6746) 

VHF SERVICE engineer required 
to work on Pye, GEC ITT, etc. Mo- 
bile radio and base stations 
experience preferred. Excellent 
prospects with ample opportunity 
for overtime if wanted. Well equip- 
ped and bus work shops in Croy- 
don. Friendly atmosphere. London 
Car Telephone. 01-680 1010, (6767 

CAPITAL 
APPOINTMENTS LTD. 

JOB HUNTING? 
We have more vacancies for 
DESIGN, DEV., TEST AND 
FIELD SERVICE ENG. than 
ever before. All areas and 
applications. Salaries to 

£5,000 X67 E, 

34 Percy Street, London, W1 
01 -636 9659 (day) or 

550 08i6 (avg.) 
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ELECTRONIC 
MAINTENANCE 

MEDICAL PHYSICS 
TECHNICIAN II 

SALARY £4,182 - £5,205 
To implement a maintenance, calibration and repair service 
for electronic equipment at St. George's Hospital, SW 17. The 
work will involve a wide range of electronic equipment both 
from Clinical Departments and from Works Services. 

The person appointed will have at least 5 years' experience in 
electronics, either in industry or in the N.H.S. or similar fields. 
Knowledge of maintenance systems would be an advantage. 

Minimum qualifications are ONC in electrical engineering or 
equivalent, but HNC would normally be expected. The post 
combines responsibility in the Physics and Engineering 
Departments and provides a challenging opportunity for the 
right calibre of person to build up a vital service to the 
hospital. 

For further information please contact Mr. D. Ritchie on 
01 -672 1255 ext. 58. 

For a job description and application form please write to or 
telephone. Miss M. R. Felsenstein, Personnel Officer 
(Recruitment), Wandsworth and E. Merton Teaching District. 
72 St. James' Drive, LONDON, SW17 7RS. Telephone 
01 -672 1222, ext. 41. 

Closing date. 14th January, 1977. 

Wandsworth 8 E.IlYlcr.n 
Teaching District 1111=1111110 
Merton, Sutton and Wandsworth A.H.A. (Teaching) 

Are You Interested In 

Radio or Television 
and do you have practical 
experience in either of these fields 

if you have City and Guilds 
Intermediate Certificate in 
Electronics or 
Telecommunications; ONC; or an 
equivalent qualification , 

then the Metropolitan Police may 
have a job for you as a Radio 
Technician. 

we offer 
Good pay 
Excellent prospects 
Secure employment 
4 weeks holiday 
Day release 

Phone our Engineer Mr. H. G. Fielding on 01- 6530881, during office 
hours, to arrange an informal interview, or write to Metropolitan 
Police, Room 1634, New Scotland Yard, Broadway, London SW1H 
OBG. 

le 741) 

I27 

UNIITED NATIONS 
FIELD SERVICE 

Openings for RADIO OPERATORS to 
service United Nations missions on 
rotating basis in any part of the world. 

Requirements: Must hold 1st or 2nd class Radio Operator's 
licence from Telecommunications 'Authority. Minimum 
International Morsecode speed 30 wpm on semi -automatic 
key (Vibroplex), teletype minimum 50 wpm - must be able 
operate and maintain telegraph and voice radio transmitters, 
receivers, and ancillary equipment such as trailer power units, 
TTY, TD, etc. and be familiar with erection of mobile radio 
stations' antennae and emergency repairs. 

All candidates must have a valid driver's licence. 
Appointments are for 1 year, with possibility of renewal, and 
are subject to medical examination. Starting salary US 
$9,240 gpa (net after Staff Assessment $ 7.430), plus 
monthly allowance varying from US S 1 37 to US $507 
depending on duty station, payable in local currency. Good 
additional benefits. 

Candidates may apply in writing to. 

Mr. Soleiman Tarbah, Office of Personnel 

UNITED NATIONS 
New York, N.Y. 10017 

Electronics 
Maintenance 
Engineer 
To an Electronics Engineer with an HND /HNC or equivalent 
technical knowledge and some experience in either design or 
maintenance of electronic equipment we offer the opportunity 
to join our maintenance team responsible for laser systems and 
automatic test equipment. Consequently experience with 
digital systems or precision measuring instruments would be 
advantageous. 

While we are an electronic component manufacturing company 
which has been established at this seaside resort for over 30 
years, our recent merger into ITT Components Europe has 
necessitated a re- invigoration of our automatic testing and 
machine control activities in order to build for the growth of our 
exports of multi -layer capacitors, microcircuits and resistors. 
We will help to re- locate you if necessary. 

ERIE 

ELECTRONICS 

LIMITED 

Interested? Write in confidence for an appli- 
cation form to R. Walpole, Personnel Manager, 
Erie Electronics Ltd., South Denes, Gt. 
Yarmouth NR30 3PX, or telephone Gt. 
Yarmouth 730688 after 8 p.m. for an informal 
exploratory discussion. 

A British Company of ITT 
(6736) 
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APPOINTMENTS CONT. 

Radiomobile 
Britain's Car Radio Specialists 

Production Engineering 
Opportunities 

(Electronics) 
Working in the electronic engineering section, and reporting 
to the Senior Electronic Engineer you should have experience 
of audio and radio or engineering, and be qualified to HNC 
Level. You will most probably be in your mid -twenties, and 
keen to be involved in the entire range of the Company's 
products. 

Electronic Engineer 

The following vacancies have arisen within our Production 
Engineering Department, 

Production Engineer 

(A.T.E.) 
The Company is investing heavily in automatic testing 

equipment, and consequently requires an energetic engineer 
to assist in its introduction on the full range of the 
Company's products. 

You will be required to work with a minimum of 
supervision, and should be in your late twenties with some 
general electronic experience within a manufacturing 
environment. Qualifications should be ONC /HNC level. 

Starting salaries will be negotiated. Fringe benefits are 
those associated with a large and progressive organisation. 

These posts are open to applicants of either sex. 

Telephone or write for Application form and Job Specification to 

Miss I. S. Thom 
Personnel Manager 

Radiomobile Limited 
Goodwood Works 
North Circular Road 
London, NW2 
Tel. 01452 3333 ext. 4518 

a subsidiary of I SMITHS INDUSTRIES LIMITED ' 

167äi 

ARTICLES FOR SALE 

Best choice for used TV 
Worldwide exporters of colour and 

mono N. Unlimited supplies. 

Midland TV Trade 6 Retad Services, 
Worcester Road. Kidderminster, England. 

Tel: Kidderminster 61907 or 67390. 1 

i 
Crysta 

ACCURATE 

rìa RELIABLE JI 

(;" 

441 

Private enquiries, send 13p in stamps for brochure 

HE QUARTZ CRYSTAL CO. LTD. 
Q ( C. WORKS. WELLIN(:T(lN C'RESCEN'T. 

NEW MALDEN, SURREY. 

VACUUM is our speciality, new 
and secondhand rotary pumps, (Et- 
fusion outfits, accessories, coaters. 
etc. Silicone rubber or varnish out - 
gassing equipment from £40. V. N. 
Barrett (Sales) Ltd., 1 Mayo Road, 
Croydon. 01-684 9917. t24 

60KHz NSF Rugby Receiver. BCD 
TIME OF DAY OUTPUT. High per- 
formance, phase locked loop radio 
receiver. 5V operation with 1 

second LED irediication. Kit com- 
plete 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) 

RECHARGEABLE NICAD BAT- 
TERIES. 'AA' (HP7) £1.05, 'Sub 
C' £1.29 (HP11) £2.02, 'D' (HP21 
£2.92, PP 'C' £4.89. Matching char- 
gers respectively £4.48, £4.48, £5.24, 
£5.24, £3.98, all prices include VAT. 
Add 10% post & package. SAE for 
full list, plus if wanted 35p. for 
'Nickel Cadmium Power' bookllet. 
Sandwell Plant Ltd., 1 Denholm 
Road, Sutton Coldfield, West Mid- 
lands. B73 6PP. Tel. No. 021 -354 
9764. (6554) 
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FOREIGN AND COMMONWEALTH OFFICE 
COMMUNICATIONS DIVISION 

has a continuing commitment for 

BROADCAST 
RELAY 

ENGINEERS 
To serve a one year (unaccompanied) tour of duty on 
the island of Masirah (off the coast of Oman). 
Applications are invited from engineers with experience 
of the operation and maintenance of high -powered 
radio transmitters, and who hold a third year City and 
Guilds Certificate in Telecommunications or its 
equivalent. 
SALARY: £8,575 per annum, plus a tax -free allowance 
of £810 per annum for a single officer, or £1,295 per 
annum for a married unaccompanied officer. 
Free furnished accommodation and passages are 
available. 

For an application form and further details please write 
to: 

Recruitment Section 
Foreign and Commonwealth Office 

Hanslope Park, Hanslope 
Milton Keynes, MK19 7BH 

(6712) 

ARTICLES FOR SALE 

DOKORDER 
4 CHANNEL TAPE DECKS 
for Mini Studio use 
DOKORDER 8140 

Ideal machine for mini 
domestic studio use. Allows 
possibility for multi -tracking 
with built -in sync facility. 
High specification at low 
price. Superb for making 
demo tapes. 

DOKORDER 7140 

Basically similar to 8140 but 
slightly less luxurious version. 

DOKORDER 1140 

Top quality high speed 
multi -sync, 4- channel 
recorder. 

DOKORDER 1120 

Two channel '+ -track deck 
offering facilities and 
performance normally found 
in much higher priced decks. 

DOKORDER 7100 

Budget priced stereo deck, 
ideal for the domestic user. 

RE 146 Charing Cross Road, 
London WC2. Tel: 01 -240 3064/5 

TRADE ENQUIRIES: D.E.S. Technical Co., 10 -12 High St., 
Colliers Wood, London SW I9. Tel: 01 -540 8944. 
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DESIGN & ELECTRONIC ENGINEERS 

R & O ENGINEERS 
JUNIOR ELECTRONIC ENGINEERS 

TECHNICIANS 
INSTRUMENT & CONTROL ENGINEERS 

PC B, E /M, DRAUGHTING 
CUSTOMER SERVICE & TEST ENGS. 

SALES ENGINEERS 
Middx., Surrey, Herts., Hants., 

Berks., Bucks., Essex, London & U.K. 

JKN Eng. 1 Recruitment I Ltd 
Sunbury on Thames 
Tel 09 327 88985 

CAPITAL 
APPOINTMENTS LTD. 

FIELD SERVICE 
ENGINEERS 
(ELECTRONICS) 

If you're not earning over 
£3,500 p.a. plus a car - then 

you had better contact us! 
(6711) 

34 Percy Street, London, W.1 
01 -636 9659 (day) or 
550 0836 (evening) 

ELECTRONICS T E C H N I C I A N 
(Grade 5) required for geology 
department. Duties include fault 
finding and maintenance of a wide 
range of electronic equipment, also 
construction and testing of circuits 
mainly solid state. from instruc- 
tions. Experience of digital and 
linear circuitry essential. Vacuum 
and X -ray control systems know- 
ledge an advantage. Preferred 
qualifications: ONC C &G elec- 
tronic engineering, and not lees 
than 7 years' experience including 
training. Salary range £3,377 to 
£3,856 gross according to qualifica- 
tions and experience. Application 
forms from Departmental Super- 
intendent, Geology Department, 
Imperial College, London SW7 2BP. 

SOUTH COAST VACANCIES. If you 
would like to get out of the rat 
race and enjoy the pleasures of 
living on the South Coast we can 
certainly help. We have hundreds 
of jobs in Electronics at all levels, 
along the South Coast. Just drop 
us a line or phone with your name 
and address and we'll do the rest. 
No fees. Jeff Minards, CBS Appoint- 
ments, 224 Old Christchurch Rd. 
Bournemouth. Tel. 292155 or after 
7 pm and weekends. Wimbourne 
4891. (6753) 

BUSINESS OPPORTUNITIES 
EXPORTER REQUIRES CONTRAC- 
TOR able to produce 50/100 belt drive turntables weekly. Pick -up arms supplier also required. 
Box No W/W (6541). 

1n_uu1.1::1'. 

Our Professional Teams. 
...of Engineers are developing the next generation of 
Telecommunications Measuring Instruments and Automatic Test 
Equipment. We are now strengthening our project teams and need 
more men, or women, with relevant qualifications and experience, 
to help us with:- 

Microprocessor Applications 
RF Circuit Development 
Hybrid Circuit Engineering 

Test Procedures 
Market Development 
Real -time Programming 

For details of relocation and salaries call John Prodger 
MARCONI INSTRUMENTS LIMITED 
Longacres, Hatfield Road, St. Albans, Herts. 
Tel: St.Albans 59292 

A GEC MARCONI ELECTRONICS COMPANY 

ARTICLES FOR SALE_ 

ENAMELLED COPPER WIRE 
s. w.g. 1lb reel V lb reel 
1 0 1 o 1 9 £2.95 £1.60 
20 to 29 E3.15 £1.80 
30 to 34 £3.45 £1.90 
35 to 40 £3.65 £2.10 

All the above prices are inclusive of postage 
and packing m UK 

COPPER SUPPLIES 
102 Parrswood Road, Withington, 

Manchester 20 
Telephone 061-445 8753 (100) 

SPOTWELDERS new from £85, 
Samesiide from £2210. - Ring 01- 
540 7337/8. Rentweld's, 14 Claren- 
don Road, Landon S.W.19. (6518) 

MODERN LANGUAGE teaching 
equipment - little used, at one 
tenth of today's cost this offer can 
not be repeated. Ring Mr Wright. 
061 -764 2931. (6515) 

CMOS WITH DISCOUNTSI Any mut 10% for 25 +. 25% 1or'100 +.330,% for 1000+ 
4000 0.20 4078 1.00 4053 1.04 41186 0.80 1411, 1.18 14516 2.15 1456[ 1.67 
4001 0.20 4029 1.27 4054 1.29 4089 1.74 14174 1.08 14527 1.76 14568 3.15 
4002 0.20 4030 0.60 4055 1.46 4093 0.69 14175 1.04 14528 1.22 14569 3.72 
4006 1.31 4031 2.46 4056 1.46 4094 2.06 14194 1.17 14529 1.72 14572 0.27 
4007 0.20 4032 1.19 4057 29.61 4095 1.16 14419 2.67 14530 0.98 14580 8.35 
4008 1.07 4033 1.55 4059 6.20 4096 1.16 14490 8.51 14531 1.74 14581 4.30 
4009 0.80 4034 2.11 4060 1.24 4097 4.13 14501 0.20 14532 1.39 14582 1.64 
4010 0.60 4035 1.31 4061 25.60 4098 1.22 14502 1.38 14534 8.18 14583 0.84 
4011 0.20 4036 3.09 4062 10.10 4099 2.03 14503 0.75 14536 4.00 14585 1.10 
4012 0.20 4037 1.06 4063 1.22 40101 1.76 14505 4.38 14537 13.17 74000 0.25 4013 0.60 4038 1.20 4066 0.69 40102 2.16 14506 0.57 14539 1.24 74CO2 0.25 4014 1.12 4039 3.09 4067 4.13 40103 2.16 14507 0.60 14541 1.62 74C04 0.25 
4015 1.12 4040 1.19 4068 0.24 40104 2.26 14508 3.09 14543 1.82 74C08 0.25 4616 0.60 4041 0.93 4069 0.24 40107 0.66 14510 1.51 14549 4.10 74C10 0.25 
4017 1.12 4042 0.93 4070 0.65 40108 6.18 14511 1.74 14552 10.50 74C20 0.25 4018 1.12 4043 1.12 4071' 0.24 40109 2.21 14512 1.03 14553 4.66 74C30 0.25 
4019 0.60 4044 1.04 4072 0.24 40181 4.30 14514 3.47 14554 1.87 74C32 0.25 4020 1.24 4045 1.56 4073 0.24 40182 1.73 14515 3.47 14555 1.01 74C42 1.84 
4021 1.12 4046 1.48 4075 0.24 40194 2.26 14516 1.51 14556 1.01 74C48 2.26 
4022 1.07 4047 1.01 4076 1.71 40257 2.26 14517. 4.02 14557 4.66 74C73 0.67 
4023 0.20 4048 0.60 4077 0.65 4700 1.75 14518 1.39 14558 1.25 74C74 0.80 
4024 0.87 4049 0.60 4078 0.24 7083 4.25 14519 0.57 14559 4.10 74C90 0.86 
4025 0.20 4050 0.60 4081 0.24 14160 1.18 14520 1.39 14560 2.17 74C93 0.86 
4026 1.92 4051 1.04 4082 0.24 14161 1.18 14571 2.77 14561 0.70 74C95 1.25 
4027 0.80 4052 1.04 4085 0.80 14167 1.18 14522 2.15 14562 5.59 .74C926 7,69 

TERMS: Add VAT to all prices at 8 %. Postage etc. UK 25p ( +2p =27p) per order . 
ex.on f2.00 no VAT Orders .rocessed same da 

GREENBANK ELECTRONICS (Dept W11W) 
94 New Chester Road, New ferry, Wirral, Merseyside L62 5A6, England. Tel, 051-645 3391 

SALE 
Amps, Mics, X- overs, Power 
Supplies, Inverters, Loud- 

speakers, Cartridges, etc. 
Send SAE for details' 

MARTIN AUDIO LTD. 
54 -56 Stanhope Street 

London NW1 3EX 
01 -388 7164 (6742) 

C.R.T. REGUNNING PLANT. New 
and secondhand reconditioned 
training; demonstration colour or 
B /W. Barretts, (Mayo Road Croy- 
don. Surey. CRO 2QP. 01 -684 9917. 

16mm BELL HOWELL 631 750 /100 
W lamp, separate speaker and 
transformer. £150 + VAT. Hilton's 
9 West Hill. Dartford, Kent. Tel: 
20009. (W W 15 ) 
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APPOINTMENTS 

CALIBRATION 
ENGINEERS 

MEASURE YOUR SUCCESS BY OURS 
EMI's commitment to excellence in its electronic products is 

achieving best ever sales and creating many new opportunities for 
expansion and development. 

We depend upon very high standards of quality assurance, so we 
are looking for professionals who work to these standards and who 
have the ability to extend them still further. 

The work is varied and involves the calibration and maintenance 
of electronic and electro- mechanical test equipment, covering a 

wide range of test and measuring techniques such as optical, 
thermal, digital and computer. 

Qualified to City & Guilds (full certificate), ONC or equivalent in 

electronics, candidates should have experience of fault diagnosis 
and current measuring techniques. Knowledge of micro -wave 
techniques, and /or the utilisation of automatic test equipment 
would be an advantage. 

To appreciate the satisfaction of working to EMI standards, come 
and see for yourself. You can also be sure that the salaries and 

benefits we offer - including the security of working for a highly 
successful organisation - reflect our awareness of the importance 
of yobr skills. 

For further details and an application form, please 
telephone or write to : Barry Page, Personnel Department, 
EMI Limited, 135 Blyth Road, Hayes, Middlesex. 
Tel : 01 -573 3888 ext. 639 or Record -a -Call anytime on 
01 -573 5524. 

EMI 
The international music. electronics and leisure Group. 6726 

ARTICLES FOR SALE 

SOWTER TRANSFORMERS 
FOR SOUND RECORDING AND 
REPRODUCING EQUIPMENT 

We are suppliers Ip many well -known companies. 
studios and broadcasting authorities and were 
established in 1941. Early deliveries. Competitive 
prices Large or small quantities Let us quote 

SOWTER TYPE 3678 
A recent release 

MULTITAP MICRPHONE TRANSFORMER 
Pnmary windings for 600 ohm. 200 ohm and 60 
ohm with Secondary loadings from 2K ohm to 10 K 

ohm. Frequency response plus /minus 'hdB 20 Hz 

to 25 KHz. Contained m well finished Mammal box. 
33mm diameter by 22mm high. with colour coded 
and leads. low distortion. DELIVERY (smell 
quantities) EX-STOCK HIGHLY COMPETITIVE 
PRICE. FULL DETAILS ON REQUEST. 

E. A. SOWTER LTD. 
Transform, Manufacrre,s and Des,yners 

7 Dedham Place, Fore Street 
Ipswich IP4 1JP. Tel. 0473 52794 6042 

QUARTZ CRYSTAL 
UNITS from 

' 4 -311 MHZ 

FAST DELIVERY 

NIGH ETASILRY 

TO OFF 6271-A 

EL. HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT -1 

McKNIGHT 
CRYSTAL Co. Ltd. 
HANDLER INDUSTRIAL 

ESTATE. IIYTNE. 

SOUTHAMPTON SO4 6Zf 

(6044) 

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 20p. Quota- 
tion S.A.E. Open to callers Monday 
to Saturday 9.30 to 5.00. Closed 
Wednesday 1.00. We wish to pur- 
chase all types of new and boxed 
valves. Cox Radio (Sussex) Ltd., 
Dept WW, The Parade, East Wit - 
tering, Sussex P020 SBN. West Wit - 
tering 2023 (STD Code 024366). 

(5392) 

MARX LUDER STACKABLE EPI- 
CYCLIC GEARED 6vDC Motors. 11- 
30 watts; 2 -10 kg. cm; 3 -360 ratios. 
For details refer to Nov issue p 138, 
or send SAE for data sheets. AID - 

US Products, Dept. 15, 8 Hillview 
Rd., Pinner, Middx. (6765) 

"MOTIVATOR" Curtain Cord Con- 
trollers. Mains battery models and 
kits for use with corded domestic 
curtains. From £18 -£30. Aid -Us 
Products Dept WW14, 8 Hillview 
Road, Pinner HA5 9PA, Middlesex. 

(6764) 

KERABOARD PCB 18 x 12 covered 
with Ultraviolet negative photo 
resist. Packs of five. Single sidled 
E11, double sided £13, per pack. 
Including postage. Harpum, 82 
Shrubcote, Tenterden Kent. 

CAPACITORS, mixed bags of elec- 
trolytics. approximately 500 un- 
tested for El. Mullard metallised 
polyester, mixed bags of 50 1µF 
and 2.2µF (250V d.c.), cosmetic 
imperfections so El. Add 40p P &P 
to all orders. R. Wardle. 3 Erp- 
ingham Road, SW15 1BE. (6170 

TELEPHONE ANSWERING machines 
for sale. New £120, answers and 
records. Plus 2 -way conversations 
and dictation. Free accessories and 
Guaranteed 1 year. C.R.V.E. Ltd., 
30 Goodge Street, Wl. 01 -249 0416/ 
01 -580 1800. (6210) 

PROFESSIONAL TV TUBE RE- 
BUILDING PLANT designed and 
manufactured with 20 years' exper- 
i'en'ce of tube rebuilding. Also all 
associated Isu'ppl0es including 
Electron guns. Regular training 
courses. Western- Whybrow Engin- 
eering, WECO Works, Penzance, 
TR20 9QT (073676) 2265. (6542) 

FOR SALE Short Wave Magazine. 
December 1946 to March 1956'inclu- 
Rive and January 1962 to may 1974 
inclusive £25. Buyer to collect. 
Kingston- upon- Thames area. Tele- 
phone 01- 942 -1230 after 5 p.m. 

(8752) 

ENTHUSIAST REARRANGING work- 
shop. VF52 Millivoltmeter. perfect. 
£40. 5002 Doubleoulse Generator, 
IMHZ /50v, £25. TF14005 Double- 
pulse Generator with TM6600S. 
100 Hz /200v, £150. CT378B 2 -230 
MHz AM £35. All recently recali- 
brated. Aldershot 21173. (6748) 

Wireless World, January 1977 

ARTICLES FOR SALE 

PRECISION 
POLYCARBONATE CAPACITORS 

All High Stability - extremely Low Leakage 

440V A.C. RANGE 
Value Oimen- 

FI lions IRRT 
L O 

0.1 
0.15 
0.22 
0.25 
0.33 
0.47 
0.5 
0.68 
1.0 

1.5 

2.0 

27 

27 

33 
33 
33 
33 
33 
50.8 
50.8 
50.8 
50.8 

12.7 
12.7 
16 
16 

16 

19 

19 

19 

19 
25.4 
25.4 

Price 
each 

68p 
80p 
86p 
92p 
99p 

£1.10 
E1.16 
E1.25 
E1.37 
E1.64 
£1.95 

63V D.Cµ. N 

VBIae l0. Ti. 
GE 

- 2'. - 5'. 

E1.28 75p 50p 
0.01 6 
0.1 

0.22 
0.33 
0.47 
0.68 
1.0 

1.5 

22 
3.3 
4.7 
6.8 
10 

15 

22 

£1.32 77p 5Ip 
E1.32 71p Sip 
£1.32 71p 51p 
£1.44 84p 56p 
ELM 9Ip 60p 
£1.74 £1.16 67p 
E1.98 E1.32 750 
E2.40 E1.60 99p 
42.82 £1.88 £1.23 
0.48 £3.32 E1.47 
£4.98 £3.32 52.01 
£7.14 £4.76 52.88 
£9.66 E6.44 E1.90 

TANTALUM BEAD rAPACIT05S-Vele mailable 01. 022. 0.31 817. 
0.68. 1.0.2.2.3.3.1.7.6.8uFel15V/25Ver 355: 10.0uF R 16V/2wr 
ZSV: 22.0 uF at 611/10V er 185: 33.0 uF el 61I r 101: 41.0 .5 e13V er 65: 
100.0uF et 3V. All al 12p eesh. 10 ler air. 50 ler E5. IM Ir 
E0. 

TRANSISTORS L0.e 

Bc187;8/9 Up 15312/2121 12p 2113055 50p 
11CI14 12p 11213/213L llp 0071 /2 I2p 
'8C141 9 Igp B1214/2IIL llp °195.55 Seer 61p 
'BC153 IBp SFi91/5 12p °741 8pm OIL 32p 
BCI54/7/8/9 12p BF150/1/2 lOp 111414 E1.15 
BCI82/182L Ilp AF118 40p S10601380 EI.50 
BC183/1831 1 l Af239 38p 9176023M0 E1.50 
'BCIM/IMt 12p 283102/4 1 l 1BMIOAS E1.42 

POPULAR DIODES-1t1914 Sp. 8 for 45p. 181er 90p. 111916 Sp. 6 lar 
45p. I41ot SOpt I S44 517 11 for 5017.24far El .00. 104144 5p. 6 tar 
27p. 12 lar 4517: IMO! S'-,p: 002 617: 003 6rp: 004 711: 0057' re; 
006 Sp: 007 rip. 

LOW MACE ZEMER 0IO0ES -400mW. TW. - 5 %U 5mA. 35: 353: 366. 

467: 50: 556. 6112: 6118: 755: 852: 951: 105: I I V: 125: 135: 13.55: 15V. 

165: 18V. 2011. 22V: 24V. 27V: 30V: 33V. All 117p tech. 5lr 33p. 10 ter 

65p. 50 tor 0.12 SPECIAL OFFER: 100 Zara IUf be mixed' lar 
Es.m. 

RESISTORS -High stability. An leis urla lilm 5. .W al 40 C 

al 711 G I I2 series only -ham 5.20 te 2.2517. ALL at 1 p each Sp` lei 
10 al aim ale 50111470170 ter 100 el any ea nlee. SPECIAL PACK. 10 et 

each value 2.20 le 2201730 reefers! Ow 

SILICON PLASTIC RECTIFIERS -1.5 cap, wire -ailed 0027: 100 

P.I.V. 7p p IOr 2h1: 403 P.I.V. M M ler 30p1. 

BRIDGE RECTIFIERS -2', amp: 200V 40p: 35011 45p: 6001155p. 

SUBMINIATURE VERTICAL PRESETS-61M only: All at 5p Soci: 
50:100. 220:470:680 ohm IK:2K2. 4K 7: 6K8:10K: 15K: 22E: 47K: 47K: 

ID. 220K 6BOK I M: 285 5N. 

PLEASC ADO 20p POST AND PACKING ON ALL ORDERS. EXPORT -MO COST 

R SEA,AIRMALI. Add 8. VAI to all items except Nam marked with 
which are 12'r'. 

Seed S.A.E. for additional slack Ilea. 

Wholesale prick lisle available lo bow tide companies 

MARCO TRADING (Dept P5) 
The OM Scol daase. Wee. Shropshire 

Tel Whiaall 454 465 1510 594 8721 

'Prop's. *cost tradng Ltd .1 

ISOLATED Tab l0A 400v Triac type 
TXAL 2210B. Price 98p inc. VAT 
P &P 20p C.W.O. Data sheet on re- 
quest. S.N. (Electrical), 7tA High 
Street, Stevenage, Herts. (6731) 

PHOTO ETCH 
LIMITED 111 

9 LOWER QUEEN STREET 
PENZANCE, CORNWALL 

TR18 4DF 
Prototype or long run - we will 
supply your printed circuit require- 
ments. 
Also facilities for Design, Assembly 
and Test 

Prompt and efficient service assured 

r,. .Na...Ce 073151 4.71 56 

STANDARD CRYSTAL UNITS 
CLOCK 
2 097152 MHz (3.05 
each 
3 27680 MHz 22.70 each 
4 194304 MHz E2.70 
each 

REFERENCE 
100 0 KHz £2.75 each 
1 0 MHz E2.75 each 
2 0 MHz E1.60 each 

VAT extra OEM and trade enqu' Tes invited Bulk price 
discounts up ro 75 %. 

INTERFACE QUARTZ DEVICES LTD. 
29 Market Street, Crewkeme. Somerset 

Tel. (S460311,257S. Telex 46263 

6 55360 MHz E2.70 each 
8 388608 MHz E2.70 
each 

4 433619 MHz £1.00 
each 
18 4320 MHz E2.70 each 

5 
0 0 MHO £2.25 each 
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ARTICLES FOR SALE 

EXCLUSIVE OFFER 

WORLD -WIDE RANGE 
NEVER BEFORE OFFERED 
PHILCO HC -150 POINT -TO -POINT STRIP 
RADIO HF RECEIVERS 2/30 m /cs. Ten fully 
tuneable channels to 0.5 kcs with synthesisers. 
angle and diversity reception on NB, DSB. SSS 
with 4 sub -bands to each channel. Full details and 
prices on application. 

HIGHEST QUALITY 19" 
RACK MOUNTING CABINETS 

& RACKS 
ENQUIRIES INVITED 

FOR NEW STOCK 
NOW AVAILABLE 

AUDIO AND INSTRUMENTATION- 
TAPE RECORDER-REPRODUCERS 

* Plessey 1D33 Digital Units, 7 track W' 
Plessey M5500 Digital Unit, 7 tracks' h" 

* Ampex FR-I100, 6 speeds, stereo '4" 
* Ampex FR600, 4 speeds, 7 tracks 1/4" 

* D.R.I. RM I. 4 speeds, 4 tracks'" 
* EMI TR90 2 speeds, 1 track 1/4" 

a EMI BTRI, 1 speed, 1 track "," 
EMI R3010, 2 speeds, 2 tracks 'h" 

* EMI RE321 '. ", 748" 1 track 
a Finned IA 'h ", IN ", 71/4", 1 track 
* Mincom CMP -100, 6 speeds, 7.tracks'4, ti. I" 
* Leevers Rich DA -2P, 2 speeds, 2 tracks 9" 

Leevers Rich Console 2 track'" 
* Office Machines, various 

Prices of above £70 to £400 
Also Transport Decks only available 

We have a large quantity of "hits and pieces" we 
cannot list - please send us your requi ents. we 
can probably help - all enquiries answered. 

All our aerial equipment is professional MOD quality 
* Telequipment D52 d/b Oscilloscopes £85.00 
* Racal SA -20 Counter Timers 025.00 
+ 100 amp Belling Lee Interference Filters 075.00 
* Solartron CD1014 Oscilloscopes 060.00 
a Marconi TF2331 Distortion Meters 0160.00 

AVO VT Voltmeters CT- 471A.. 075.00 
* Solartron Digital Voltmeters LM 1420.... 0120.00 
* Racal MA197 Pre- Selectors C85.00 
* Marconi TE -888 Receiver Testers C60.00 
* Collins 500 watt 2/18 mss. Transmitters .. £1000.00 
* Collins KWT6 SSB 500w Transceivers .... £1250.00 
* Collins KWT6200 m/w AM Transceivers 0750.00 

STC R85 2/25 mcs Receivers Diversity C140.00 
* Rack Mounting Operator Tables 010.00 
* Gaumont Kalee 564 Flutter Meters £75.00 
+ Hewlett Packard 6188 Sig. Gen. 3.8/72 GHz £120.00 

Rohn 9505 masts lattice 12" sides P.U.R. 
* 30ft Lattice Masts, 14" sides 055.00 
* 15ft Lattice Mast sections, 12" sides 035.00 
* 120ft Lattice Masts, 15" sides P.U.R. 
* 75/90ft Sky Towers, self- supporting C475 
* Heavy Aerial Rotators P.U.R. 

Racal SA 504 Voltage conveners C25.00 
Elliot Recording M/A Meters £75.00 
Hallicrafter 152/174 M /cs Receivers £65.00 
75ft Aluminium Lattice Masts, 20ft sides C400.00 
Plessey peak distortion meters 035.00 

* Polarad Microwave power meters C55.00 
* Rhode & Schwarz SBR sig gen, 1.6/2.4 gmc £70.00 

Airmen 702 sig gen 30 cyc 30 kcs £26.00 
S.E. 4000 System Units P.U.R. 
Large Aerial Tuming Units P.U.R. 
45 feet uniradio 4 Co -ax 50 ohms £2.00 

* Stelma RTT Y Scopes £20.00 
Baluns Professional Exterior 600/75 ohms C6.00 
25ft Telescopic Aerial Masts 024.00 
Addo 5/8 Track Tape Punches 048.00 
Digital Cassette Recorders 1/2" 1000 bps £250.00 

* Quality Weather Vanes 8 contacts (unused) C15.00 
+ B.N.C. Connectors 200 for 042.00 

Rawl RA17 Front Panels (new) EIS .00 
Racal MA -175 I.S.B. Modulators (new) ... £45.00 
Imslide Cabinet Shelf Sliders £3.00 

* OG -7/32 or DG7 /5 C.R.T.'s C3.000 

Advance HI Signal Generators, 15 /50Kcs C18.00 
Tally 5/8 Track Tape Readers 60 cps £4600 
Tally 5/8 Track Tape Readers Track Spooling C65.00 
Cawkell FU 4 Band Pass Filter Testers 060.00 

a Avo Geiger Counters (new) £14.00 

We have a quantity of Power Transfnrmrrs 250 
watts to ISKVA al voltages up In 4110V Rest 
quality at low prices lists available 

Racal RA -6:3 SSR Adaptors. new 0711101 
Racal RA- 237 1.-W Converters. n £711181 

o In" Blank Rack Panels tiNin high. 
new 

CI 00 
a Apeca Dial a Copy Photo Copier Elect rosta ile C35 011 

Portable Mains Battery Hospital Lights £24.170 
400 Channel Pulse Height Spectrum 
Analysers 05001x1 

We have ried assortment of industrial and 
stiina profesl Cathode Ray Tubes availahle' List on 

request 

PLEASE ADD CARRIAGE AND 
V.A.T. 

P. HARRIS 
ORGANFORD-DORSET 

BH16 6BR 
BOURNEMOUTH (0202) 765051 

1:31 Classified 
APPOINTMENTS 

ENGINEERS 
At home or overseas,your 
future looks good with IAL 

IAL, a pace- setter in 
telecommunications for over a quarter 
of a century, is expanding - fast. 
From our West London headquarters, 
we control a diverse group of 
Companies with operations 
worldwide. Our activities cover all 
aspects of electronics technology from 
the latest fully automated telephone 
exchanges to airport communications 
and radar systems. Major new 
contracts in the UK and in the Middle 
East mean immediate vacancies in the 
following fields: 

Data Communications: 
We need development engineers to 
support our growth in the 
manufacture of specialised 
communications equipment. You 
need Hardware /Software design 
experience to be involved with 
mini -micro processor techniques and 
Bipolar /MOS technology. 

Telephone Planning: 
A detailed knowledge is required in at 
least two of the following areas: 
Exchange network planning 
Teletraffic engineering 
Common control /SPC systems 
Telegraph /Telex Data engineering 

Telecommunications: 
For our projects in the Gulf, we 
need specialists in: 
Broadband Radio and 

Transmission 
External Plant Works 

Auto -Exchange maintenance 
Development and Planning 

Aviation: 
In 1N. Africa, Iran, Saudi Arabia and 
the Arabian Gulf, our requirements 
are for experience in: 
Multichannel and multiplexing 

radio systems 
Navaids, including ILS, VOR, DME 

CADF 
Automated ATC systems 

Instructors: 
Scheduled expansion of our training 
commitments means that we require 
top calibre engineers with a good 
practical background in 
telecommunications and airport 
systems. Although vacancies at 
present are at our London college, 
future requirements will be to fill 
instructor posts overseas. 

If you are contemplating a move from 
your present job, this could be the 
opportunity you have been waiting 
for. We offer most attractive 
conditions of employmént and our 
salaries, which are TAX FREE 
overseas, are highly competitive. 

IAL 
Write now to: John Davies, 
Senior Recruitment Engineer, 
International Aeradio Limited, 
Aeradio House, Hayes Road, 
Southall, Middlesex. 

16761 

ARTICLES FOR SALE 

WE INVITE ENQUIRIES from any- 
where in the world. We have in 
stock several million carbon resis- 
tors }th. }, }, and i watt. } million 
wire wound resistors 5 and 10 watt - 1 million capacitors - 1 million 
electrolytic condensers - } million 
transistors and diodes, thousands 
of potentiometers. and hosts of 
other components. Write phone or 
call at our warehouse. Broad - 
fields and Mayco Disposals Ltd., 
21 Lodge Lane, North Finchley, 
London, N.12. '01 -445 0749, 445 2713. 

(5907) 

V.H.F. SIGNAL generator 54 - 216 
MHZ Boonton 202E ideal for mobile 
radio or marine servicing AM. FM. 
Accurate calibration. £100 ono. 
Meopham (0474) 812613. (6714) 

R.C.S. 501 /M counter /timer plus 
250 Mhz. Prescaler £185.00 o.n.o. 
Cosham 738882. (6757) 

NON -TRADING COMPANY IN HI- 
FI field with unique name and 
registered trade mark associated 
with loudspeakers for sale for 
moderate sum. Interested parties 
plea-se write to:- Managing 
Director. Oural Group Limited, 
Ornai H. ouse. North Circular Road. 
London, NW10 7UF. England, (6551) 

HI -FI NEWS LINSLEY -HOOD 75 
watt amplifiers constructed and 
repaired. Brand new euaranteed 
spares by return. BDY56 01.85, 
RD529 55p, BD530 55p, BF258 35p, 
BFR79 25p, Interference suppres- 
sion kit (also reduces preamo 
noise) 01.35. Inclusive prices. P &P 
15p. Free list, I. G. Bowman (Dept 
WW). 59 Fowev Avenue. Torquay, 
South Devon. (6756) 

COURSES 
RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: Principal, 
Nautical College, Fleetwood, FY7 
BIZ. (25 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley 
London, N12 8JG 

Telephone: 
01-445 2713 

01- 445 0749 01 -958 7624 

WE ARE INTERESTED IN 
PURCHASING ALL KINDS OF 
RADIO, T.V. AND ELEC- 
TRONIC COMPONENTS AND 
EQUIPMENT IN BULK 
QUANTITIES. 
WE PAY PROMPT CASH AND 
CLEAR MATERIAL BY 
RETURN. (46) 

WANTED rädio communication 
equipment. Large or small quan -. 
tities, best prices offered. Telephone 
Cambridge (0223) 860555 or 50668. 

(6713) 
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APPOINTMENTS 

Engineers, 
TO TEST THE EMI -SCANNER 

Few stories of commercial and technological achievement in recent 
years can match the success of the EMI -Scanner. This revolutionary 
medical diagnostic X -Ray technique has created an international market 
worth many millions of pounds. 

In order to meet world demand we are significantly expanding our 
manufacturing facilities at Hayes and consequently need more high 
calibre Test Engineers. Right now were keen to meet: 

SYSTEMS TEST 
ENGINEERS 

who have worked on testing 
advanced electronic devices and 

have at least ONC qualification, 
or recent testing and fault finding 
experience either in industry or 
with H. M. Forces would be most 

suitable. Work involves the testing 
of logic -based digital and 

analogue circuitry, advanced 
electro- mechanical devices, 

related to X -ray scanner systems. 

MECHANICAL TEST 
ENGINEER 

is also required to test and 
repair X -ray Scanning Machines 
during final test and when 
necessary, to carry out 
modification. 

Applicants should have some 
production experience and be 
conversant with mechancial 
testing techniques. 

An engineering apprenticeship 
is desirable and training to C & G 

level is essential. 

Salaries reflect EMI Medical's high regard for experience and ability. 

All successful candidates will enjoy the full range of EMI Group 
employee benefits. 

To apply please telephone or write to Barry Page, Personnel Dept., 

EMI Limited, 135 Blyth Road, Hayes, Middlesex. Tel: 01 -573 3888 
Ext. 639. Or Record -a -call anytime on 01 -573 5524. 

Applicants of either seic will be considered. 

EMI EMI Limited 
The international music, electronics and leisure Group. 

6727 / 
ARTICLES WANTED 

WANTED IN 
LARGE 

QUANTITIES 
Electronic components resistors, 
capacitors. potentiometers, chassis 
loudspeakers, semi -conductors, 
diodes, TV tubes, especially colours, 
etc., etc., etc. First or second grades. 
Finished or incomplete products: 
record players, amplifiers, radios, 
tuners, tape recorders, enclosures, 
etc., etc., etc. 
We will buy complete factories and 
pay cash. 

TEL. 01 491 4636 
E.C.E. AVON HOUSE 

360/366 OXFORD STREET 
LONDON, W.1 6563 

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 

SURPLUS COMPONENTS Equip- 
ment and Computer panels wanted 
for cash. Ring Southampton 772501. 

(16) 

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 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For fastest. best CASH offer. phone 

COMPUTER APPRECIATION 
Godstone (088 384) 3221 

B -D ELECTRONICS offer prompt 
settlement for your surplus com- 
ponents. Our main field of interest 
is consumer electronics. Please 
telephone our Miss Hughes, Sandy 
(0767) 81616. f22 

R. F. INDUCTION HEATER about 
1.5KW. - Barrett, 1 Mayo Road, 
Croydon, CRO 2QP. (6038) 

WANTED MARCONI Mobile Radio 
Test Set TF2950 series for cash. - 
Tel. 01 -527 4358 Ext. 8. (6750) 

ALL SURPLUS or used equipment 
wanted. Radio telephones - com- 
plete systems purchased. Ships 
equipment and small boat radio's - 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. (6594) 

WANTE D 
AMERICAN 

110v 2- or 3 -pin 
plugs and sockets. 

Any quantity 

Telephone: 
01 -723 7851 
01 -262 5125 

16766+ 

WANTED MM5316 PCB for alarm 
loading by a national SC /'MP CPU 
also parallel output kitbug prom. 
Write Saunders, Box 108 Patavhrn, 
New Zealand. (6717) 

REQUIRED Wireless World, 1928/ 
1932 Publishers Bindings. For sale 
1935/1938 loose. Litherland, 11 Birch 
Grove Chippenham, Wiltshire. Tel. 
Chippenham 50707. (6716) 

RADIO GEAR FIXED, mobile, com- 
mercial, military or amateur; also 
surplus new electronic components 
wanted. 01- 692 -2009, 20A Waddon 
Road, Croydon. (6734) 
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ARTICLES FOR SALE 

COLOUR, UHF AND TV SPARES. 
NEW colour bar generator kit Mk 3 

aerial input type, R -Y, B -Y etc. 
(adds on to Manor Supplies cross 
hatch units) £25 pp 85p. Also 
Mk 4 combined colour bar genera- 
tor and cross hatch kit E35, 
pp 85p "Wireless World" TV Tuner 
and FM Tuner Projects by D. C. 
Read. Kits of parts available. 
Cross Hatch kit, Aerial Input 
type. No other connections. 
Battery operated, portable. Incl. 
Sync & UHF Modulator units 
£11. Add -on Grey Scale kit, 
£2.90 p/p 459. CRT Reactivator 
kit for colour and mono, £17.48' 
p/p 80p. Signal Strength Meter kit 
£18'. p/p 70p. 625 TV IF Unit, for 

amps or tape recording £6.80 
p/p 65p. Decca Colour TV Thyris- 
tor Power Supply Unit, incl. H.T., 
L.T., etc. Incl. circuits £3.80 p/p 
95p. Bush CTV 25 Power Supply 
Unit, incl. H.T., L.T., etc. £3.20 
p/p £1.20. Bush CTV 25 Conver- 
gence panel plus yoke, blue lateral 
£3.60 p/p 80p. Philips single stand 
convergence units complete, incl 16 
controls, £3.75 p/p 75p. Colour 
Scan Coils, Mullard or Plessey £6 
p/p 80p, Mullard AT1023/05 or 
Plessey Converg. Yoke £2.50 p/p 
55p, Mullard or Plessey Blue Lat- 
erals 75p p/p 30p. BRC 3000 type 
scan coils £2 p/p 80p. Bush CTV 
25 Scan Coils £2.50 p/p 80p. Delay 

. Lines: DL20 £3.50 DL40 £1.50 DL1E, 
DL1 85p p/p 40p. Lum. delay 
lines 50p p/p 30p. Bush /Murphy 
CTV 25 3/174 EHT quadrupler 
£8.50 p/p 75p. Special offer colour 
tripiers, ITT TH25 1TH £2 GEC 2040 
£1.75 p/p SOp. Philips GS Panels, 
part complete, surplus /salvaged: 
Decoder £2.50, IF incl. 5 modules 
£2.25, T. Base £1 p/p 70p. CRT 
Base 75p p/p 30p. GEC 2040 De- 
coder panel for spares £3.50 p/p 
70p. VARICAP TUNERS. UHF: 
ELC 1043 £4.00, ELC 1043/05 f4.50. 
VHF; ELC 1042 £4.40, Philips VHF 
£3.60. Salvaged UHF & VHF Vari- 
caps £1.50 p/p 35p. SPECIAL 
OFFER: RBM 6 psn. Varicap con- 
trol unit f1 p/p 35p. UHF Tuners 
transd. incl. slow motion drive 
£3.80. 4 Psn. and 6 Psn. push but- 
ton transd £4.i0 p/p 70p. Philips, 
Bush Decca integrated UHF/VHF 
transd. tuners £4.50 p/p 80p. Thorn 
850 dual stand, time base panels 
50p. Philips 625 IF panel incl. cct. 
50p. p/p 65p. VHF Turret tuners 
AT 7650 for KB Featherlight, 
Philips 19TG170, GEC 2010, etc. 
£2.50. Pye miniature incremental 
tuners £1. Fireball tuners, Fergu- 
son. HMV, Marconi 80p p/p all tun- 
ers 70p. Mollard Mono scan coils 
for Philips, Stella, Pye, Ekco, 
Ferranti, Invicta £2 p/p 70p. Large 
selection LOPTs, FOPTs available 
for Most popular makes MANOR 
SUPPLIES, 172 West End Lane, 
London, N.W.6. Shop premises. Cal- 
lers welcome. (Nas. 28, 159 buses 
or West Hampstead -Bakerloo Line 
and British Rai). Mail Order: 64 
Golders Manor Drive, London, 
N.W.11. Tel: 01 -794 8751. V.A.T. 
Please ADD 1.217 TO ALL PRICES 
(EXCEPT WHERE MARKED VAT 
8V). (60) 

CAPACITY AVAILABLE 

ENAMELLED COPPER WIRE 
swg 1 Ib. 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 VAT 
SAE brings Catalogue of copper and 

resistance wires in all coverings 
THE SCIENTIFIC WIRE COMPANY 
PO Box 30, London E4 9BW 162431 

PRECISION TUNED PARTS - spa 
cers, pillars, shafts etc. Large/ 
small batches. Quotations by re 
turn. Send for plant /service cap 
acity specials, no problem. Drury 
Bros.. Unit 6, Hedley Road, St 
Albans, Herts. Phone: 65094. 

(6548) 

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. 

619 
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ARTICLES FOR SALE 

IBM GOLFBALL 7351/0 
TYPEWRITERS 

Coding similar le EBCDIC. Will accept normal or 

sprocketed paper. Supplied with photo copy of IBM 

interlace manual. Each machine serviced and lasted. 
6100 and 8 °. VAT. 

As above but modified to lake office range of gollballs 
110 pitch) E125 + 8 °. VAT lint. new gollballl. 
Overseas air freight or audace at cost. 

Typewriter orders only to.- 
Keytrocics 
Saul lodge 
Saul. Gloucestershire 
Tel. Saul 1045.2741 612 

+ ELECTROLYTICS 
47001, 40V 50p (15p1 4000µ 70V BOp 125µl 
500Oµ 60V 75p 125p) I0.000µ I6V 50p ll5p) 
22O0µ 63V 38p 114P) 2500 + 2.500µ 30V 40p 

1141 
40:. 275V RMS motor start 50p 1200 

+ SMALL ELECTROLYTICS 
2.2p 10V. 10p 35V. 50p 40V. IOOp 40V. 1O0µ 6V. 
150µ 10V. 64p I0V, 300µ 10V. 2O0µ 10V 

12 for 45p 1l20 

+ PINER PRESETS 100 mW 
220. 470. 1 k. 4k7. 10k. 100k. 220k 

12 for 60p 112p1 

TRANSFORMERS 
3IV 330 mA 60p 130p1. 12V 2A f1.60 15001. 17V 5A 
EX-EOPT E2.25 165p1. T0R010 20V IA f2.25 16OPI. 9V 
3A 11.60 1600. 12V 10A í3.50190p). 0-3-14-17 I.SA 
ex eqpt Et 135p1. 

VARIOUS 
Humidity switch (adjustable) 80p 11301 
6A mains latching relay Bop 11301 
3m plastic magnetic strip 3" wide 30p /foot (20p) 
+ 250 mixed capacitors 60p ISPI 
Light activated SCR 50V 1.6A 35p (10p) 
+ Ge diodes GEXI00 615/1000 í2.50p/100 
M111 131 PROG UNIJ 20p (ION qty available 
2N3702K 13 for El 650.00 /1000 

PAPST FANS for similar) reconditioned 
a 4't x 2 in. 100 c.f.m. 50/60 c/s £3.60 165p1 

+ reed inserts 70 mm h/d contacta 10 for fl 112p1 

+ reed inserts 45mm 20 for fl 112p1 

VAT add 12',% to itexa marked +. others P. 

KEYTRONICS 
Shop open Mon-Sat 9.30 a.m.-2 p.m. 

332 Ley St.. Ilford. Essex 
01 -553 1863 

CAPACITY AVAILABLE 

PRINTED Circuits. Ultra fast turn- 
around. Very competitive prices. 
Also prototypes. artwork, photo- 
graphy, and drilling service. Kib- 
more Circuits, 120 Garlands Road, 
Redhill, Surrey. Phone 68850. 

(6739) 

BATCH Production Wiring and As- 
sembly to sample or drawings 
McDeane Electricals 19B Station 
Parade, Ealing Common, London, 
W.5. Tel: 01 -992 8976. 

P.C.B. ARTWORK DESIGN - East 
Anglia. Fast. precise work at com- 
petitive prices. Also instrument 
panel designs, etc. Contact tangent 
Electronics, 136 Whitehall Road, 
Norwich. Norfolk. Tel (0603) 
28015. 

AIRTRONICS LTD., for Coil Wind- 
ing - large or small production 
runs. Also PC Boards Assemblies. 
Suppliers to P.O., M.O.D. etc, Ex- 
port enquiries welcomed 3a 
Walerand Road, London SE13 7PE. 
Tel: 01 -852 1706. t 61 

WIRING AND ASSEMBLY capacity 
available. Prototype or batch, cir- 
cuit boards, cableffoirms. Full 
sheet- metalwork facilities for manu- 
facture of complete units. Com- 
petitive prices and quality service. - C.M.N. (London) Ltd, Unit 1, 
Numefield Works, Pump Lane. 
Hayes, Middlesex. Ted: Pi -573 7366/ 
198:5 (6512) 

PRINTED CIRCUIT BOARDS - 
Quick deliveries competitive prices, 
quotations on request, roller tin - 
nings. drilling, etc., speciality small 
batches, larger quantities available 
Jamieson Automatics Ltd, 1 -5 
Westgate, Bridlington. N. Humber- 
side, for the attention of Mr J. 
Harrison. Tel: (0262) 4738/77877. 

(18 

133 Classified 
APPOINTMENTS 

lélephone Fngineering 
Siludi YArabia 

A major international consulting engineering 
firm is looking for a number of key technical 
experts to supervise installation and conduct 
acceptance tests of t national and 3 international 
telephone exchanges. All equipment, valued at 
more than £13m., is supplied by L. M. Ericsson 
of ARF and ARM design and will be installed 
during 1977 and 1978. There are further appoint- 
ments covering coaxial cable links (96o channel) 

Chief Supervisor 
about £53,000 

Aged 3o to 5o years, should be graduate or 
equivalent, with at least 4 years' experience of 
ARF and ARM Ericsson exchanges. Practical 
knowledge of hardware and software, including 
computer testing, is necessary. 
Ref. ZH.lo34 -t. 

Supervisors /Testers 
about £to,000 

Aged 25 to 5o years, should be apprentice or 
technically trained and with at least 4 years' 
experience with common control crossbar equip- 
ment, preferably of Ericsson (ARF or ARM) 
design involving installation, supervision of 
installation and testing. 
Ref. ZH.1o34 -2. 

Multiplex Engineers 
about £to,000 

Aged up to 5o years, technically trained, with 5 
years' experience in large multiplex systems, 
preferably with Philips or Ericsson equipment. 
Ref. ZH.1o34-3. 

and radio links (Collins 30o channel). 
All posts, listed below, carry tax free salaries, 
free single limited married accommodation and 6 
weeks' annual vacation with up to twice yearly 
return fares and one, two year contracts. 
Please write - in confidence - indicating appro- 
priate reference, with brief carer. details to 
W. J. Angus. 

Cable Engineers 
about £00,000 

Aged up to 5o years, technically trained with at 
least 5 years' coaxial cable experience, preferably 
with 12 MHZ systems. 
Ref. ZH.1o34-4. 

Microwave Engineer 
about £00,000 

Aged up to 5o years, technically trained with at 
least 5 years' microwave experience. 
Ref. ZH.ro34 -5. 

Television Engineer 
about £to,0o0 

Aged up to 5o years, technically qualified with 
experience in video cable systems. 
Ref. ZH.1o34 -6. 

Systems Engineer 
about £10,000 

Aged up to 5o years, technically qualified with at 
least 5 years' experience in large long distance 
telecommunication systems. 
Ref. ZH.to34 -7. 

(6761) 

M5 LManagement Selection Limited 
14 St Vincent Place 
Glasgow G1 2EU 

OVERSEAS: 
AustraFa France Ireland 
Belgium Germany Italy Sweden 
Canada Holland South Alnca is Switzerland 

South America 

EQUIPMENT EXCHANGE 

FOR EXCHANGE 
Recent expansion of our telecine facilities has made available 

one Fernseh 35mm Colour Film Scanner Type FC 35L 40 for 625 line 
50Hz operation. The unit has been used for spot commercial transfer 
only, and is in excellent condition, and includes selected optical and 
mechanical spare parts. 

We are interested in exchanging for a good used Ampex or RCA 
VTR with colour replay accessories. 

For further information contact.: The Chief Engineer 
VID -COM LIMITED 

P.O. Box 8859, Auckland, New Zealand 

(67201 
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Classified 134 

APPOINTMENTS 

TELEVISION RECEIVER 
PRODUCTION 
ENGINEERING 

APPOINTMENTS 
Rediffusion Consumer Electronics Ltd. invite applications for appointment': in the Engineering 
Division hosed at the company's main production complex in County Durham. 

SENIOR TELEVISION ENGINEER 
An engineer is to be appointed to carry out a variety of projects associated with the production of 

colour television receivers. This will include the solution of problems connected with receiver 
manufacture. testing and subsequent performance. 
Applicants should ideally have wide television experience and a background of receiver design and 

developmert for mass production would be a distinct advantage. 

SENIOR TEST EQUIPMENT ENGINEER 
An experienced engineer is required to ensure the efficient operation of sophisticated test equipment 

used in the mass production of colour television receivers. 
Applicants should preferably have a background associated with the design. commissioning and 

calibration of test equipment. with an understanding of performance standards of the specialised 

signal generation and distribution equipment used in the manufacture of colour television receivers. 

ENGINEERS AND TECHNICIAN -ENGINEERS 
Engineers and technician- engineers are required for a [wide variety of duties associated with the 

manufacture and testing of colour television receivers and sub -assemblies, 
These appointments would he suitable for engineers who swish to further their experience in 

television. or electronics. or for recently -qualified persons who wish to enter the field of television 

engineering. 

Ability tac. and especially a desire to get involved. to promote team spirit and production efficiency. 

are essential requirements for these positions. 

Formal qualifications. whilst desirable. are not essential where adequate experience :ind ability can he 

demonstrated. 

Please apply in confidence to - 
Mr..1. Davison 
Engineering Manager 
Rediffusion Consumer Electronics Ltd. 
St. Helen's Auckland 
Bishop Auckland 
('u- Durham 

REDIFFUSION 

SERVICE AND REPAIRS 

PROFESSIONAL PRINTED CIRCUITS 
Small Medium Large Batch Runs Prototypes -Same Day Service 

Marsh Road Lords Meadow Industrial Estate Crediton EX17 1EU. Tel: 036 -32 -3530 

EURO CIRCUITS 
Printed Circuit Boards - Master 
layouts - Photography - Legend 
printing - Roller tinning - Gold 
plating - Flexible films - Convention- 
al fibre glass - No order too large or too 
small - Fast turnround on prototypes, 
All or part service available NOW 

I EURO CIRCUITS TD. 

Highfield House 
West Kingsdown 
Nr. Sevenoaks. Kent. WK2344 

SPEECH -PLUS 
RECORDINGS. LED 

Specialists in Recording for Education, 
Commerce, Industry. A/V Programmes/ 
Pulsing for Training and Sales. Cassette 

and Open -reel Duplicating 

32 PAGES WALK. LONDON SEl 

Telephone. 01.231 0961 /2 (6250) 

P.C.B's FAST - 24 hour service 
from your tape or film art. Quality 
1.0mm glass fibre plus loz copper 
plus solder varnish £1.15 plus 3p/ 
sq in (VAT & PP inc). SAE for 
quantity discount and special 
quotes. Prototype services available 
,include circuit design, artwork, as- 
sembly plus test. Micronics Eng. 
Services, 13a Clive Road, Birkdale, 
Southport, M /side PR8 4RZ. (6715) 

REPAIRS TO ELECTRONIC INSTRU- 
MENTS. 'Scopes, Signal Generators, 
Digitals, etc. Estimates given free 
for further information and instru- 
ment sales contact Altron 10 
Bromley Drive Leigh, Lancs. Tel: 
Leigh 78624. (6177) 

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. 

(13) 

EQUIPMENT AVAILABLE, 

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

ELEC. iLECTS70NICS 

clock Tower Road, Isleworth, Middlesex 
1117 1191.1 

Tel. 01 -568 0151. Telex 934120 167041 

RECEIVERS AND AMPLIFIERS 
HRO Rx5s, etc., ABM, CRT00, 
BRT400, G209, 5640, etc.. etc., in 
stock. R. T. & I. Electronics, Ltd 
Ashville Old Hall, Ashville Rd., 
London, Ell. Ley 4986. (65 

SIGNAL Generators, Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters, Multi -range 
Meters etc., etc. in stock. R. T. 

& I. Electronics, 
etc., 

Ashville Old 
Hall, Ashville Rd., London E.11. 
Ley 4986. (64 

YOUR TAPES TO DISC. Mono or 
Stereo Cutting. Vinylite Pressings, 
Sleeves /labels. Top professional 
quality. S.A.E. for photo leaflet. 
DEROY Records, "Eastwood," 
Cove Dunbartonshire, Scotland. 

(82) 
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ARTICLES FOR SALE 

SOFTWARE 
DESIGN FOR 

MICROPROCESSORS 
by J. G. Webster 

Price £12.70 
INTRODUCTION TO DIGI- 
TAL FILTERING by R. E. 

Bogner. Price £8.50 
ACTIVE- FILTER COOKBOOK 
by D. Lancaster. Price- £10.00 
THE CATHODE -RAY OSCIL- 
LOSCOPE & ITS USE by G. 
N. Patchett. Price: £3.85 
PRINCIPLES OF TRANSIS- 
TOR CIRCUITS by S. W. 
Amos. Price: £4.65 
110 ELECTRONIC ALARM 
PROJECTS FOR THE HOME 
CONSTRUCTOR by R M. 
Marston. Price: £3.25 
IC OP -AMP COOKBOOK by 
W. G. Jung. Price £9.00 
HI FI YEAR BOOK 1977. 
Price: £3.60 
VIDEOTAPE RECORDING by 
J. F. Robinson. Price £7.00 
FREQUENCY SYNTHE- 
SIZERSTHEORY & DESIGN 
by V. Mannassewitsch. Price. 
£20.00 
Tri DATA BOOK by National. 
Price £3.10 
* PRICES INCLUDE POSTAGE * 

THE MODERN BOOK CO. 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 
19-21 PRAED STREET 

LONDON W21NP 
Phone 723 4185 
Closed Sat .1 p.m. 

1441 

EDUCATIONAL 

C AND G EXAM 
Make sure you succeed with In ICs home 
study course for C arid G Electrical Installation 
Work and Technicians. Radio/ TV /Electronics 
Technicians. T.lecom,ns Technicians end Radio 
Amateurs. 

COLOUR TV SERVICING 
Make Me most of the curant boom) Lean the 
techniques of servicing Colour and Mono TV 
sets through new home study courses. 
approved by leading manufacturer.. 

TECHNICAL TRAINING 
Homs study courses in Electronic. nd 
Electrical Engineering. Mkttenance, Radio, TV, 
Audio, Computer Engineering and Program- 
ming. Also self-build radio kits. 
Gat the qualifications you need to succeed. Free 
details from: 
Inteen.eonal Corteepondence Schools. Dept. 
8078. Imerten Houe.. London SWS 4UJ. Or 
phone 01422 9511. 

BOOKS 
"VINTAGE CRYSTAL SETS 1922- 
1927". 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 
bokshops or direct from us. Please 
send £2.80 inclusive to IPC Busi- 
ness Press Ltd., Room 11 Dorset 
House, Stamford Street, London. 
SEl 9LU. (612c1 

COURSES 

RADIO and Radar M.P.T. and 
C.G.L.I. Courses.. Write: Principal, 
Nautical College, Fleetwood, FY7 
SJZ. (25 

RADIO AMATEURS EXAMINATION, 
City & Guilds. Pass this important 
examination, and obtain your G8 
licence, with an RRC Home Study 
Course. For details of this, and 
other courses (GCE Professional 
Examinations, etc), write or phone 
The Rapid Results College, Dept. 
JWl Tuition House. London, 
SW19 4DS. Tel. 01-947 7272 (Careers 
Advisory Service), or for a pros- 
pectus only ring 01 -946 1102 (24- 
hour recording service), (6706) 
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`Westower' 
'The Stronger One' 

TELESCOPIC TILT -OVER 
STEEL TOWER SYSTEM 

* Designed by Chartered Engineers to BS 
CP3 Ch5. Pt. 2 (1 972). 

* Constructed of High Quality Special Alloy 
Steel. 

* Fabricated using the latest Electronically 
Controlled Techniques. 

* Standard types rated at 120 km /h. 

* Heavy duty types rated at 1 60 km /h. 

Non -telescopic guyed or self supporting 
towers made to your requirements plus 
antennas, military /commercial, antenna 
rotors. 

FOR SSB POWER MEASUREMENTS 

PEAK READING WATTMETER 

* MEASURES ACCURATELY PEAK ENVELOPE POWER ON SSB 
* RMS WATTS ON AM /CW * S W R 

it's 01 Jr PM-2000 . . . 
The PM -2000 is a precision built in -line wattmeter providing P.E P. and R M.S. power indication. 
With a SSB Transmitter the output power occurs only sporadically during voice transmission and has no 
direct relationship between the peak and average power. 
The ratio of peak to average power varies widely with voices of different characteristics. 
The power contained in the signal at the maximum peak is the basic transmitter rating and is the peak 
envelope power (usually called p.e. p.). This makes the peak reading wattmeter essential for SSB. 
General power meters indicate average Dr R.M.S. values and are calibrated using a continuous sine -wave 
sigrial which a voice modulated signal definitely is not Such a power meter is meaningless in terms of 

SPECIFICATION Power range 0 -200, 500, 1000 and 2kW; Impedance 50 ohms; Frequency range 
3.5 -30 MHz; Measuring Accuracy 7 %; Power source (558 ONLY) 100/117/234v. A.C. Overseas 
enquiries invited PRICE, £55 ONLY b VAT. 

Wcitein Electronics (UK) Ltd. 
HEAD OFFICE (All Mail /Enquiries) 
FAIRFIELD ESTATE, LOUTH, LINCS. LN11 OJH. Tel. LOUTH (0507) 4955 

WW-090 FOR FURTHER DETAILS WW-091 FOR FURTHER DETAILS 

F1wncs Colour Tckvísìon 
Scrvícìng Manual GORDON J KING 

VOLUME 3: This volume deals with the servicing of important solid -state chassis and models launched in 1974 
and 1975 and reflects several trends; one being towards the all solid -state design and another the introduction of 
thyristor power supplies as exemplified in the Thorn 9000 chassis. 

CONTENTS: RBM Z179 Chassis. Hitachi CSP -680 Receiver. ITT CVC8 Chassis. B & O Beovision 4000 and 5000 
Receiver. Decca Solid State 40 Series Receiver. Thorn 9000 Series Chassis. Philips G9 Chassis. Appendix I Inline 
Picture Tubes. Appendix 2 Picture Tube Faults. Appendix 3 Component Symbols and Fuse Ratings. Appendix 4 
Quick Vision Picture Tubes. Appendix 5 UHF Aerial Evaluation. General Index. Index to Models. 
November 1976 240 pages 252 x 192mm 0 408 00240 9 f7.80 

ALSO AVAILABLE 
VOLUME 1: Covers models containing the following chassis: 
B & O 3000, BRC 2000 and 3000, Decca Bradford and 
CTV25, GEC dual standard, ITT CVC5 and CVC7, Pye 691 
and RBH A823 and A823A. 

1973 240 pages 252 x 192mm 0 408 00089 9 £6.40 

VOLUME 2: Contains details of models using these chassis: 
ASA 5003 and 5004, BRC 8000, 8000A, and 8500, GEC 
2040 and 2047, Grurdig 717GB, Philips G8, Pye 713, Saba 
2700 and Telecommander G, Sobel! 1040, 1060 and 1010 
and Telefunken 710. 
1975 240 pages 252 x 192mm 0 408 00134 8 £6.40 

OK* Order now direct from your bookseller or from: 
NEWNES -BUTTERWORTHS, Borough Green, Sevenoaks, Kent TN15 8PH 

1 
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Available from 
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INCREDIBLE VALUE IN PRECISION TEST METERS 
MICROTEST 80 - I.C.E. 

20.000 OHMS /VOLT 40 RANGES 
20 000 ohms /Volt. 4.000 ohms /Volt (AC) 251 accuracy 

V DC 100mV to 1 KV (6 Ranges) 1 DC 50 -A to 5A (6 Ranges) 

V AC 1 5V to 1 KV (5 Ranges) I AC 2504 to 2 5A 15 Ranges) 

Ohms Low ohms. ohms x 1 ohms x 10 ohms x 100 
Power Output Measurements 1 5V to 1000V (5 Ranges) 

+ 6dB to 62dB (5 Ranges) 

Capacitance 25..F to 25 000 ..F (4 Ranges) 
1000 times overload protection on OHM ranges) 

Meter movement diode protection 
Size (without case) 90 x 70 x 18 m in 

Electronic zero nón.parallax mirror scale Unbreakable carrying case and probes 

Full Alter Sales Service available 

£1 4.50. Post & Packing 60p VAT @ 8 %1 21 SEND TOTAL i 16.31 

20,000 OHMS/ VOLT BO RANGES 

.0 000 ohms Volt 1+. D C . 2'k A C V DC 100mV to 2KV (l3 Ranges) VAC 
to 2KV (1 I Ranges/ I DC 50..A to 10A (12 Ranges) I AC 250..A to 5A 110 

Ranges) R .1 .100 ,1000 x10000 and Low ohms Detector Reactance 

:010 M ohms Freq Measurement 05000 Hz 12 Ranges) Power Output 

10 2000V (9 Ranges) Decibels -24 - + 70 dB 110 Ranges) Capacitance 

() 500 000 ph 12 Ranges using mains supply' 0 20 000 -F (4 Ranges using 

internal 3 Volt battery) 1000 limes overload protection on ohms ranges and 

rierer movement ent diode protection 10 Fields of Measurement and BO ranges 

tine 128 x 95 o 32 nr ru Non parallax mirror scale Unbreakable carrying 

supplied which Contains probes mains lead crocodile clips and shorting 
link 

The I.C.E. Measurement Systems includes a comprehensive range of accessories: shunts, 

transformers, specialised probes, transistor tester, etc. Send for full details. 
"Amperclamp" enables a multimeter to measure a c currents. in 6 ranges. from 2 5A to 500AI 

Ideal for use where breaking the circuit to Insert an ammeter is impracticable, or where high initial 

currents are encountered. Versions available for use with other 50í+A/ 100mA multimeters 

Price E13.50. P &P 60p VAT£1 13 Total E15.23. 

49-53 Pancras Road, London NW1 2QB 

Tel: 01 -837 7781 

WW-092 FOR FURTHER DETAILS 

Price £22.50 
Post & Packing 85p 
VAT @ 8% £ 1 .87 
SEND TOTAL £25 22 
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M24H: A superb new stereo cartridge 
...but that's only half the story. 

sir r 
MODEL M24H 

STEREO + 
GUADRIPHONIC 

CARTRIDGE 

Shure's new M24H stereo + quadriphon fc cartridge offers uncompromised 
stereo with the bonus of state -of- the -art full four-channel capability for the 
hi -fi enthusiast in transition from stereo to quadripllony. It features several 
breakthroughs by Shure: the M24H has exceptionally low (0.39 mg) effective 
stylus mass for truly outstanding trackability at minimal forces ... its opti- 
mized 20 to 50,000 Hz frequency response curve is essentially flat in the 
stereo range and rises smoothly to acc3mmodate CD -4's supersonic FM 
carrier frequencies ... its hyperbolic "long- contact" stylus tip geometry 
results in a solid groove -tip interface ... it has a new "DyneticÀ X" high - 
energy magnet assembly and low -loss laminated electromagnetic structure 
... and high -performance trackability at 1 to 11/2 grams. If you are consider- 
ing adding CD -4 capability, but intend to continue playing your stereo library, 
this is the one cartridge for you. 

Shure Electronics Limited 
Eccleston Road, Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 

WW -002 FOR FURTHER DETAILS 
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"There's a lot more to Multicore... 

Multicore Fluxes, Chemicals, Pre- 
servatives, Cleaners and Con- 

formal Coatings. For 
highest quality 

soldering. 

Multicore Oxide -free Solder Creams. 
For microcircuits and P.C.'s. Also 

a wide variety of pre -forms for 
repetitive solder- 
ing operations. 

Multicore Solid Solders. In Bars, 
Ingots, Sticks, Wire or Pellets. 
Fc r all dip and wave- soldering. 

Multicore now solders the `impossible'. 
ALU -SOL 45D solders most types of 
aluminium and has a good corrosion 

resistance. Arax 96S for diffi- 
cult stainless steels, being 

non -toxic and 
bright. 

Multicore Solderability Testers. 
MK Ill - Tests components semi- 
automatically. New PTH - tests 

plated- through -holes in 
P.C. boards auto- 

matically. 

'The name that stands for quality and quantity 
Please write on your Company's letterhead for further details on your particular application. 

Multicore Solders Limited, 
Maylands Avenue, Hemel Hempstead, Herts HP2 7EP. Tel : Hemel Hempstead 3636. Telex: 82363. 

1,17 ?geoe 



The magnificent nine... 
an open and closed case for 

selecting Celestion. 
Mo4 el 

Cemomures 

S...^116, 
Pork rK Foi 

inches 'i1 

Powr MuMlm9 
Pxl.MUUC 

Sup 
Ame Vs is SUS F,pxne7 

Rwponw 
M1n Me 

Dims 11 35 20 25 14 8 10 6 9 26 W 1.. 30 36 Hz - 20 KHz 

Ditta 18 53 24 23 21 91 92 4-2 51 V 11. 30 30 Hz - 16 KHz 

04t1M88 613526 24141a1 6 5 4a92 26 OU 40Hz-28KHz 

121066 44 763725 3014I10 HO al 20 80 30Hz-40KHz 

Dltxe 28 81 38 28 32 14 11 2 8 Sw 18 80 20 Ma - 40 KHz 

Dime M 100 38 29 40 15 111 4-8 p W 20 80 10 Ms-20 KHZ 

DL 8 29 41 22 111 16 62 110 .10 2a 40 36 HZ - 26 KHz 

DL B 58 28 23 23 11 91 &4 6u W IS 80 30 Hz - 20 KHz 

D630 67 31 i6 261 171 16 160 - 10A VI 26 105 20Hz-46KHz 

Celestion 

r 
Send this coupon for literature or ask your 
dealer for a demonstration. I am interested in 
large, medium, small speakers. 

Nam 

tèidress 

Rola Celestino LId.. lhllun Works. Fuahall Road. Ipowlch. Suffolk IP3 63P 
Telephone. Ips.r.ch 10473173131 Cables V...cecoillpswich. Teles 06365. 

the sound to be 
experienced! 
0 0, 0l 
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SIGNAL SOURCES 
ADVANCE 
V.H.F. Square wave Gererator SG21 10 
KHz- 100MHz. Max. o/p 2V E35 
H1 AUDIO SIGNAL GENERATOR 15Hz.50KHz, 
Sine and Square 638.00 
E2 R.F. Signal Generator l0KH1- 100MHz £78. 
AIRMEC 
Signal Generator Type 701 30 KHz -30 MHz (2 
only) . £75 
GENERAL RADIO 
Uni, Oscillator 1209C Freq. 250- 920MHz. Accuracy 
1% Drift 0.2 %. 0/pin to 50ohms -150mW supplied 
with Power Supply Type 1201 -00 614E 
Unit Oscillator 1218A. 900.2000MHz. Power output 
of 200mW across bend Et40 
HEWLETT PACKARD 
.10515A Frequency Doubler. Extends the useable 
frequency range of signal generators. Operating on 
unput frequencies 0.5MHz to SOOMHs n provides a 
doubled output in the range o' 1M-lz to 1GHz. The 
hequency response of this 50 ohm device is very flat 
(c t 2dB typically) over the enne frequency range and 
undesired harmonics are well suppressed. Brand 
new £75.00 
209A Audio Generator, 4Hz to 2MHz (6 ranges). 0.1% 
distortion. Sine wave and Square wave, 600 ohm 
impedance ... ... . £175.00 
211A Square Wave Generator IHz -1MHz E75.00 
F.M. /A. M. Signal Generator 202H =. M. A.M. C.W. & 
'pu se coverage 54 to 216 MHz R.F. o/p 0.1u V -0.2V 
50ohms Impedance £480 
Audio Signal Generator 206A 2OHz -20KHs _2% 
accuracy. Distortion L 196 1110 
MARCONI INSTS. 
ITF937 F.M. /A.M. Signal Generate 
BEKHx -3OMHz £200.00 
TF1060 U.H.F. Signal Generator 450.1250MHz, Sine 
wave and pulse ern E350. 
'7F 144H /S A.M. Signal Generate 
110KHz -72MHz £205. 
7F2005R Two Tone Source. The instrument comprise 
'two identical lowdistortion at oscillators and 
monitored anenuator unit, to 'arm a compact test se 
for the measurement of inter -modulation distortion 
using the methods recommended by S. M. P.T. E. a 
C. C.I. F. Frequency range 20FZ to 20KHz in no band 
(each oscillator can be adlusted and used indepen 
dently). Harmonic distortion Less then 0.05% between 
63Hz and 6KHz when using unbalanced output. 
Generally less than 0.1% under other conditions. 
Irtermodulat,on Below -80d13 with respect to th 
wanted signal. Amplitude. Reference Level Up to 
410dBm from each oscilletor. Output attenuato 
111dB in 01dß steps. Output impedance 6000 
unbalanced. or 6000 1500 or 750 balanced and 
centre- tapped .. .... . £,488.00 
S.H.F. Signal Generator 618C. 2.8.7 6GHz e 1% 50 
duns .. ..... .. 6500 
F.M. /A.M. Signal Generator TF 995A/35 Ministry 
type No. CT402 1.5MHz- 22MHa R.F o/p 

uV- 200mV. Internal & External Mod. Facilities. V. 

good condition £385 
F.M /A. M. Signal Generator TF995A/5 1.5- 220MHz 
in 5 bands. O 1 uV- 200erV. F M. up to t 120KHz from 
SOHz.15KHz. A.M. up to 50% 'rom 100Hz -10KHz 
o/p (1) 2uV -200mV (2) with terminating unit 
- uV -10OrnV Int. mod. frees. 400Hs. 1 KHz & 1 5KHa. 
Distortion (1) on internal F.N. ± 25Hz. (2) on internal 
A.M. 6% at 30% mod E300 to 6450 
A.M. Signal Generator TF8O1D/1 Freq. range 
10- 470MHz R.F. output 0 ' ii-1V Piston attenuator. 
50ohms Impedance Modulation Int. A.M. 1 KHz Ext. 
A.M. 30Hz- 20KHe, Low spurious F M & drift 
'J.S.W.R. 1.2 or less.. .. ..... £4004800 
,A.M. Signal Generator TFBDID /1S Military Version 
10- 485MHz E450 -6S00 
R C. Oscillator TF137OA 101.1z -10MHZ Square Wave 
46 to 100KHz High Outputs up to 31 6V £255 
Phase/A.M. Signal Generator TF 2003 
0.4 -12MHz .. .. .. E150 
AM Signal Generator TF 8018/35. 12.485MHz. 
0.1 uV -1 V ELSE 
R.C. Oscillator TF 11 Cl. Frequency range 
20HZ- 200KHa Output Dirac: into 60000.20V 
variable Attenuator 0 648 on 10dB steps Impedance 
600í) Distortion Via 1Khs Facer less than 01'x, 
Direct or via Anenuator Less Than 0 5% 5OHz -20KHz 
Less than 1% 20Hz.200KHZ E120 -£150 
FM /AM Signal Generator TF937/1 C7320 
3566,- 18.3MHz As seen oondieon £50 
Signal Generator TF I446 4. Late models in super 
condition . .. ... 6500 to £ISO 
U.H.F. F.M. Signal Generator TF 2012, 400- 520MHz. 
Low noise & freq. drill For narrow band f m. receiver 
measurements. Price raw ca E1.300 OUR 
PRICE £110 
MARCONI INSTRUMENTS 
TF995B/2 F.M. /A. M. Signal Generator Freq. range 
2006Hz- 220MHz Output 200,nV to 0.1 uy. F.M. 
normal deviation. Continuously variable in 2 ranges 
±25KHa S t 75KHz up to 50 %. Ext. A.M. & F.M. 
available . .. £555.00 
TF9958/6 FM /AM Signal Generator Narrow' 
deviation model of TF9958/2. F.M. deviation 0 to 15 
KHz & 0 to 5KHz E610.00 
MUIRHEAO L.F. Decade Oscil ator D880A 2 -phase 
0.01 HZ -11 .2KH, £255 
Decade Oscillator 0890D. 1 Hz.11 2KH, 6260 
NEUWIRTH (WEST GERMANY) 
VHF Signal Generator MS4/ U. Freq. Range 9.6MHz to 
230MHz. Turret Osc. for each band. Accuracy 1 -2% 
o/p 30mV -1uV. Freq. Dev. 1KHz- 100KHz. Amp. 
Mod. 0 -100% .. .. £175.00 
PHILIPS 
PM5324 HF Signal Generator. Freq. range 
100KHz- 110MHz Crystal caliaration Special band 
spread ranges High Freq. stability Electronically 
stabilised output max 5OmV(RMS) in 75 ohms. 
100mV open circuit Calibrated output attenuetor. 
Facilities for internal and external A M. & F.M.. 
Wobbulating with sweep width control. Simultaneous 
A.M. S F.M Superb cond.bon £255.00 
PM 5167 Function Generator Sine triangle square 
positive pulse negative pulse and ramp 9 1 and 1 9 
O 001 Hz in tOMHz (sawtooth and pisn up io max 

Electronic Brokers Ltd. are one of the 
leading electronic instrumentation companies in 
the UK, providing a full range of services to 
Universities, Industry, Colleges and 
Governments both at home and overseas. 

We have the largest stocks cf secondhand 
test equipment in Europe as well as a selected 
range of new products. These are on display at 
ow London showrooms where customers can 
examine the equipment of their choice and see 
it working. 

Electronic Brokers Ltd. have fully equipped 
workshops on the premises to test and report 
on the majority of equipment we sell. 

HKï ho 

istont 
NEW Pp tapiar 

FROM %M examen le 

M tin 
WOOS -apt. 

WR/TE 
NOW . . . 
for a FREE copy 
of our latest Test 
Equipment 
Catalogue. Please 
apply on heeded 
paper. 

1MHz) Output 40V(P -P) Impedance 50 ohms 
Variable DC Offset External sweep Single shot, set 
phase Hold function Ovarange warning light Superb 
condition ' 015.00 
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 swuc hable 
VHF Band Ill and UHF Band IV 1 KHz tone for sound 
performance checks (sine wave) El 50.00 
SANDERS 
CT478 Microwave Signal Generator 
1.5GHz- 4.501-1z E255.00 
RADIOMETER 
Stereo signal generator SMG 1 C. Full spec on request. 
Superb condition £350 
RHODES SCHWARTZ 
S.H.F. generator SMCB -BN 41042 
1700- 5000MHz P.O.A. 
WAYNE KERR 
Video Oscillator 0.222, 7104Z -8Klez in 6 ranges. E75 
WANDEL GOLTERMAN 
U.H.F. Power Oscillator LMS -68 c/w plug in 
Oscillators, 
Type LOA 4, 41 MHz 
Type LO-40 40.108M Hz 

Type LO -170 170- 330MHz 
Type LO -610 610- 960MHz 

RECORDERS 
P.O.A. 

RECORD 
Single Channel 1 & 6" per hour 
500uA Movement £55.00 

1 mA Movement 650.00 

AMO 
MULTIMETERS 

Multimoor Mk. 4 c/w carrying case & leads 613.50 

OSCILLOSCOPES 
COSSOR 
CDU110 Transistorised Oscilloscope c/w Dual Trace 
Plug -in CAM 111, DC- 20MHz, 5mV -20V cam. AC /DC 
coupled, 5" Rectangular Tube. Sweep Delay £205.00 
CDU150 = CT531/3 Ruggedised 35MHz Oscillos- 
cope. DC.35MHz. 5mV /cm . £456.00 
35MHz Plug -In Scope Type 3100. 5mV /cm 
sensitivity. Calibrated sweep delay. Gated Tripper 8 x 

10cm display. BRAND NEW CONDITION £348.00 
50MHz Scope. Type 4000. 5mV /cm Sensitivity.. 
lDnS /cm to 2s /cm timebase Calibrated Sweep. Gated 
Trigger. BRAND NEW CONDITION £375.00 

Cossor 
HEWLETT PACKARD -" 3100'i 
175A 50MHz Oscilloscope. c/w Plug -ins. 17508 Dual 
Trace Vert. Amp. 50mV /cm. 1780A Auxiliary 
Plug-in. .. £225.00 
1858 10 MHz Oscilloscope Sampling c/w Plug -in 
188A. or Fug -in 1870 .... £315.00 
MARCONI T.V. Scope TF 2200A/1 c/w TV Dill. plug 
in TM 6457A DC -30MHz ' E190 
SOLARTRON 
Portable Scope DC -6MHz Double Beam CT436 . E55 

Portable Scope CD 1400c -15MHz Plug ins available 
CX1441. 1443, 1448. 1 571 . Et50 
DC -40MHz Scope CT484 Dual Tace Displays 
Sensitivity 50mV /cm. Collection from our premises 
only. 90-day Warranty 6110.00 
TEKTRONIX 
Sampling Scotto 661 c/w plug ins E450 
545 c/w C.A. Fug -ins E276 
TV Waveform Monitor 525. Free. response Flat - 
within 1% between 601fz A 5MH: Low Pass -- Passes 

stair steps eliminates H F High Pass -- Passes H F 

eliminates stair steps. IRE meets IFE standards for 
level measurements Sensitivity Defection factor of 
the vertical amplifier is 0 015V cm Veit Arten - 1-e 

2,x 5 %x Keyed Clamp -type DC Restorer Gain stability 
within 1% E125 
Differential Unit 10A1 Used on 647 Series 6300 
585 c/w Type 82 Plug -in. Dual Trace 80MHz1 
B /width. Sweep Delay. 6675. Other dug -ins available 
80 end 86. 
Transistor Curve Tracer 575. Displays :carves of NPN & 

PNP transistors and dynamic characteristics of a wide 
range of semiconductor devices P.O.A. 
Dual Beam 'Scope 551. 2 vertical detection systems.' 
Accepts Amp. Spect analyser. Sampling and special 
purpose Plug -ins. DC- 27MHz. Price dependent on 
plug -ins required P.O.A. 
561A 15MHz Oscilloscope c/w 3576 end 3177 
Plug-ins (Sampling) . 

£255.00 
531A DC -15MHz Oscilloscope c/w S Plug -in. Single 
Trace. 5OwV /cm £155.00 
531A 15MHz Oscilloscope c/w CA Plug-in. Dual 
Trace. 50mV /cm .. £250.00 
544 DC -50MHz Oscilloscope c/w 1A4 Plug -in (4 

trace) .. . 
£600.00 

544 DC -5OMH, Oscilloscope c/w ìA Plug -in. Dual 
Trace. 24MHz, SOmV /cm £376.00 
WANDEL & GOLTERMANN 
BLS 218 Storage Oscilloscope 
Supply.. ... 
PROSES (Now) 
X1 Part No. 90... 
X10 Part No. 91 . 

X1 & X10 (switchable) Part No. 95. 

c/w Poma 
£325.00 

MAO 
ES.60 

£/0.60 

MISCELLANEOUS 
ADVANCE 
Recorder Calibrator HC20 . 615 
AIRMEC /RACAL 
Wave Analyser 853. 30KHz -30M1.1: Sensitivity 1 uV 
lv 1 V up io 20MHz 4 .V to 4V up i t 30MHi E140 
AIRMEC 
Modulation Meter 210 E75 to £100! 
Time Interval Meter 369. Mains operated transistunsec 
unit. Time Intervals 100nsecs. to 30msecs Superb 
condition . E91.00 
B ECKMAN 
Transfer Oscillator 7580H DC -15GHz with counter. 
7.5MHz -15GHz without counter Sensitivity 100mv 

... SPECIAL OFFER EMS 
SELL 
Baussmeter Type 120. complete vii h Probes 6100 
51K 
Deviation Bridge 1504. 1503 .. P.0.A. 
S .P.L. 
Component Comparator CZ457 / 5 P.O.A. 

B RUEL & KJAER 
Automatic Vibration Exciter Control 1018 
COHU 
DC Voltage Standard Mod. 321 
10V. 100V. 1000V . 

DECCA 
Power Supply for Noise Source MW. 61 P.O.A. 
ELDORADO 
1 OnS Time Meter 764. £475.00 
FLUKE 
Industrial Counter /Twain°, 1941A Freq Measure- 
ment 5H, 40MM 40mV sensitivity. Totalisa 
measurements to 999999 units. Presettable display. 
RPM measurement £150.00 
VHF & UHF Telecommunications Freq Counter 1980A 
5Hz- 515MHz. 50mV sensitivity over entire range 6 
d igit LED display. Gate Times IRIS to l Os. Accuracy 
timebase accuracy.. £250.00 
HEWLETT PACKARD 
Digital Recorder 560A.... £110 
Digital Recorder 561B.. 6140 
Directional detector 7870 1.9 -4 1Ghz £11 
Directional detector 788C 3.7- 8.3Ghz EIS 
UHF Attenuator 355C .. E50 
7418 AC -DC Differential Voltmeter /DC 
Standard £000.00 
MARCONI INSTS. 
Attenuates TF 1073A/2S ESE 
Quantization Distortion Tester TF2343 P.O.A. 
Probe K . i TMR110 1 x 1 Ini lise wO h vulve vnlimaiarr 
TF2600 Bland inn 620'! 

"O" Meter TF 329G . E200 
Out of limits Indicator TF 2404/2M1 Checks 
readings from electronic counters and other digital 
tests. Local and remote visual and electrical indication, 
suitable for use by unskilled personnel and with 
ATE. P.O.A. 
Blank & Sync. Muer TF.2908 611 

£395.00 

6 Decade Volt Ranges 
P.O.A. 

ELECTRONIC 
49 -53 Pancras Road 
London NW1 2QB 
Tel: 01 -837 7781 ADD 8Z VAT TOALL PRICES 

WW -094 FOR FURTHER DETAILS 


