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Australia SA1.20 
Canaca $1.50 
Denmark Kt. 11.80 
Finland Fmk. 6.20- 
Ge MIS ny Dm. 4.50 
Greecs Dr.45.00 
Holler d DI 1.4.50 
Italy L 900 
Malaysia M53.25 
New éea land 5NS1.20 
Norway Kr. i O :OO incl. miens 
Pottulfai Esc. 40.00 
South Africa R. 1.10 
Spa in Ptas 80.00 
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The Most Advanced Spectrum Analyser 
You've never seen a faster, more accurate way 

of measuring frequency response from 30Hz to 110MHz 

The TF 2370 Spectrum Analyser employs advanced 
technology to provide a complete system for measuring 
response, level, frequency. signal purity, modulation and 
much more, with a speed and degree of accuracy previously 
unobtainable. A digital memory permits the use of a standard 
monitor tube and internal logic selects gain ratios and sweep 
speeds for optimum performance. The specification speaks 
for itself: 
* Flicker -free 100 dB display of frequency response from 
30 Hz to 110 MHz on a high brightness c.r.t. 
* Electronic graticule, with a +15% variation of horizontal 
divisions for pin -point positioning against waveform display. 
* Three amplitude scales: one linear and two logarithmic 
with expansion to I dB div. with an accuracy of +0.1 dB/dB. 
* 9 -digit electronic counter automatically gives centre 
frequency, reads any other frequency corresponding to 
manually- adjusted 'bright line' position on display, or the 
difference frequency between the two, at the press of a 

button. All to an accuracy of ±2Hz ± reference frequency 
accuracy on high resolution and manual. Internal reference 
frequency provided with setting accuracy of I in 10'. 
* Internal generator supplies synchronous signal source for 
measuring such items as networks and filters. 
* For comparative measurements, unique memory storage 
system will retain one display indefinitely as required, for 
simultaneous display with response produced by items under 
test. 
* Automatic adjustment of amplifier gains to give optimum 
lowest -noise performance with full protection against input 
overloading. 
* Automatic selection of optimum sweep speed. 
* With the 5 Hz filter, signals 100 Hz from a response at 
0 dB can be measured to -70 dB. 

Please send for full information or ask for a demonstration - 

seeing is believing! 

i111: THE INNOVATORS 
MARCONI INSTRUMENTS LIMITED, 

Longacres, St. Albans, Hertfordshire, England, ALA OJN. Telephone: St. Albans 59292 Telex: 23350. 
A GEC -Marconi Electronics Company 

WW -001 FOR FURTHER DETAILS 
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LOW COST VOLTMETERS 
from the 

range 
of 

LEVELL 
PORTABLE INSTRUMENTS 

SEE US AT THE LEEDS ELECTRONICS 

EXHIBITION 29/30th June. Ist July 

,140 
nernn 

A.C. MICRO VOLTMETERS 
VOLTAGE & dB RANGES: 154V, 504V, 1 50µV 500V 
Acc. w 1% 1 % f.s.d. ± 1µV at 1kHz - 100. - 90 . 

+ 50d B 

Scale - 20dB/ + 6dB rel. to 1mW /60011. 
RESPONSE: It. 3dB from 1 Hz to 3MHz, '_ 0.3dB from 
4Hz to 1MHz above 500µV. Type TM3B can be 
set to a restricted B.W. of 10Hz to 10kHz or 100 kHz. 
INPUT IMPEDANCE: Above 50mV >4 3M0 <20pf. 
On 50vV to 50mV > 5MS2 <'50pf. 
AMPLIFIER OUTPUT: 150mV at f.s.d. 

type 
TM3A £77 TM3B £88 

BROADBAND VOLTMETERS 

D.C. MULTIMETERS 
VOLTAGE RANGES: 3µV, 14V, 300/ ... 1kV. 
Acc. ± 1% ±1 % f.s.d. -0.1µV. 12 & CZ scales. 
CURRENT RANGES: 3pA, 10pA. 30pA . . 1 mA (1A for 
TM9BP) 
Acc. Y2% 1 % f.s.d. ±0.3pA. LZ & CZ scales. 
RESISTANCE RANGES: 3Q, 100. 300 ... 1 GO linear Acc. 

1 % ± 1% f.s.d. up to 100M0. 
RECORDER OUTPUT: 1 V at f.s.d. into > 1k52 on LZ ranges 

t Pe 
T 9A £110 TM9BP £125 

H.F. VOLTAGE & dB RANGES: 1mV, 3mV. 10mV ... 3V 
Acc. ±4% 1% f.s.d at 30MHz - 50dB, - 40dB, - 30dB to + 20dB. Scale - 10dB / + 3dB rel. to 1 m W / 50 0 
r 0.7dB from 1MHz to 50MHz, ± 3dB from 300kHz to 
400MHz 
L.F.RANGES: As TM3 except for the omission of 15µV and 
150µV 
AMPLIFIER OUTPUT: Square wave at 20Hz on H F with 
amplitude proportional to square of input As TM3 on L F. 

TMBA £125 TMBB £135 

D.C. MICRO VOLTMETERS 
VOLTAGE RANGES: 30µV, 1001.LV, 300y V . 300V. 
Acc.. 1 y,,, f 2% f.s.d., . 11.V. CZ scale. 
CURRENT RANGES: 30pA.100pA.300pA...300mA. 
Acc. ± 2 %, ± 2% f s.d., ± 2pA. CZ scale. 
LOGARITHMIC RANGE: 

5µV at ± 10% f.s.d.. t 5mV at t 50% f.s.d., t 500mV at 
f.s d. 
RECORDER OUTPUT: ± 1V at f.s.d. into >11(n. 

These highly accurate instruments incorporate many useful features, including long battery life. All A type models have 83mm scale meters, and 
case sizes 185x1 10x130mm. B types have 127mm mirror scale meters and case sizes 260x125x180mm. 

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

Prices include batteries and U.K. DELIVERY. VAT ware. 
Optional extras are leather cases and mains power units. 
send for data covering our range of portable instruments. 

WW -057 FOR FURTHER DETAILS 
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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-040 FOR FURTHER DETAILS 
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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 ZiZ3 =Z2Z4 

QUAD 

* Elektor Electronics 
Magazine No. 8. Dec. 1975 

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

WW -074 FOR FURTHER DETAILS 
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The British Plot! 

Offers exceptional value; e.g. the 2 channel CR552 Yt Recorder has a comprehensive 
specification (5 sensitives, 9 chart speeds, electric pen lift, event marker, etc.) 

at an inclusive ex works price of £396 (excluding V.A.T.) 
Improved PL100 XY /t Plotter now with increased Y axis writing speed. 

New PL200 XY /t Plotter plus electric pen lift and vertical or horizontal mounting. 

For industry, research and education, JJ offer rapid delivery of electrical reference, measuring and 
recording equipment in a wide range of prices and specifications. 

Resistance Bridges; Galvanometers; Potentiometers; Decade Boxes; Dynamometers; 
Machine Sets; Tensile Testers; Pen Recorders. 

Send for our illustrated catalogues. 
J.J. LLOYD INSTRUMENTS LIMITED 
Brook Avenue, Warsash, Southampton S03 6HP, England. 
Tel: Locks Heath 4221 (STD 048 95) 
Telex: 477042 - JAY JAY - SOTON. Cables: Eddymes, Southampton. 

WW - 059 FOR FURTHER DETAILS 
INSTRUMENTS 

Wayne Kerr's 
top -selling bridge 

Meets modern requirements. Is accurate 
to 0.1 %. 
Is self -balancing. Has 2.3 and 4- terminal 
connections. Continuous readout of real 
and quadrature terms. Overall range 
10 micro -ohms to 100 gigohms,0.001pF 
to 10 farads,1 nanohenry to 10 megahenrys 
and 10 picomhos to 100 kilomhos. Built -In 
source /detector (1592Hz). 
Connectors for 200Hz -20kHz manual 
operation. 
Comparator facilities.Analog outputs. 
Adjustable sensitivity. Ask for B642 
Data Sheet. 

Wilmot Breeden Electronics Limited* 
Durban Road, South Bersted, Bognor Regis, West Sussex, P022 9RL 
Telephone: Bognor Regis (02433) 25811 Telex: 86120 
`Incorporating FERROGR.APH RFNI).AR u'.AYNE KERB 

WW - 043 FOR FURTHER DETAILS 
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3009+SL120 
This turntable offers the mechanical excellence 

of the SL110 in a more compact form. 
Ideally suited to our precision pick -up arms, 

its use is detailed in information sheet No. 15, 

a copy of which will be sent to you on request. 

Write to Dept 0638 SME Limited Steyning Sussex England 

The best pick -up arm in the world 
WW -064 FOR FURTHER D ETAILS 
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Now over to the 

Test 
Match 
* : 

. 

a 
`' 

"pow 

Type 2041 Type 2045 

Three new additions to the Dymar 
communications instruments team 
make a perfect match. They are: 

Type 2C 41 AF signal generator. 
Frequency range 3Hz to 300kHz. 
Maximum output 3W into 3 ohms. 

A combination to 'cover the field from 
audio applications to vibration analysis. 

Calibrated and stepped 600 ohms 
attenuator gives adjustable output levels 

from 1mV to 3V (fsd). Auxiliary output 
from oscillatorforfrequency monitoring. 
Type 2045 AF two-tone signal 
generator. 
Full audio range, 30Hz to 30kHz, with 

two simultaneous but independently 
adjustable AF tones of high stability and 

purity. For intermodulation testing, or for 
evaluating communications circuits. 

Type 2065 

Constant source impedance of 600 ohms 
and output levels adjustable from 1mVfsd 

to 1V emf (3V for a single tone). 
Type 2065 AF distortion factor meter. 

Accurate measurement of noise and 

harmonic distortion of AF waveforms in 

the frequency range 6.4Hz to 64kHz. 
Handles distortion measurements down 
to 0.03% and can be used as a tuneable 
bandstop filter. Sensitivity: 300mVto 10V. 

Naturally, all three operate on mains or 
optional internal rechargeable batteries - 
for classic home or away performance. 
Ask Dymar for details or use the Reader 
Reply Service. 

DYMAR 
instruments for communications 

Dymar Electronics Limited, Colonial Way, 

Radlett Road, Watford, Herts. WD2 4 LA, England. 

Telephone: Watford 37321. Telex: 923035. 

Cables: Dymar Watford. 

WW - 073 FOR FURTHER DETAILS 
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(G a,rd Hers 

The Best 
of British 

Where performance 
is paramount, professionals prefer Gardners... 

We, at Gardners, have been in the communications busi- 
ness for many more years than we care to remember - so 

have our Audio Transformers. Used throughout the world by 
leading broadcasting and recording companies or wherever 
only the highest technical standards and levels of reliability 
are good enough our products are still preferred by profes- 
sionals who know .. . 

From microphone to tape (or film), speakers or head- 
phones, studio consoles, manpacks, amplifiers, modems, we 
at Gardners have tried to anticipate your needs. Miniaturisa- 
tion (yes!) plus good performance (yes!) through to excep- 
tional performance (of course!). Impedance changing, 
coupling, isolation, bridging, low and high power, with or 
without D.C. Choose from our standard range of 95 models! 
Every one an example of sheer professionalism. 

All have low loss, low distortion, low phase- shift, low 
pick -up, BUT wide frequency range. 

Operating Leval Frequency 
d8m at 50Hz Response Cat. 

No. 
impedance (OHMS) 
Input Output 

Turns Ratio 
Sac /Pri 

MU 7501 0315 100k 83/188 1 

MU 7503 0-200-600 100k 13'23 1 

MU 7514 600 600/2.4k 1 1 1 

MU 7518 10k CT 10k 1 1 CT 
MU 7521 3.75/15 600 CT 6.32/12 64 1 

MU 7522 3.75/15 100k 82/164 1 

MU 7524 150/600 600 CT 1/2 1 

MU 7525 600 CT 300/1.2k 1 1 1.41 CT 
MU 7530 10k CT 10k 1 1 CT 
MU 7534 50/200 100k 22.4/44 8 1 

MU 7566 600 CT 10k/2.5k 4 08/2 04.1 
MU 7567 600/150 50k 9.13/18.26.1 
MU 7582 200/50 600 CT 1 73/3 46'.1 
VM 7461 15/3.75 600 6.35/12.7 1 

VM 7464 600/150 600 1/2.1 
VM 7466 600 10k/2.5k 4.14/2 07 1 

VM 7468 50/12.5 50k 32/64 1 

We would emphasise that the above 
is a representative selection only. 
Send for Brochure GT5 for 
complete listings. 
All units described are normally 
AVAILABLE FROM 

SPECIAL DESIGN SERVICE. 
If your requirements cannot c not 
be met by o standard 
range, then we will gladly 
design for your 
production needs. 

16.5 

12 

20 

4 75 

t Ida 
50HZ 10k Hz 

1, 0.5 dB 
3011z-206Hz It 1dB at 206Mal 

I 0.5de 1014z-100k Hz 

t 1dB30Hz-22kHz 

. 1dB 301.1s-12kHz 

WAii (Gardners 
Gardners Transformers Ltd. 
Christchurch Dorset BH23 3PN `Ten 02015 -2284 `\ Telex 

lepho 
41276 

e 
Gardners XCH 

.Approved manufacturers of 
electronic transformers, modular power supplies, inverters and 

converters to Defence Standard 05 -21 

wW - 044 FOR FURTHER DETAILS 

With our New 

ISIPER 30 
soldering iron 

t we have a slight 

rt, pi d *how 
do we convince 

precis'ioñ tóoÌ. 
Our reputation for professional 
solde*ing equipment has been 
bLilt on our precision products, 
sc we have taken extreme care 
to see that our new ORYX 
Super 30 iron at, 
dare me repeat it, only £2.95, 
is going to be the best at its 
price- 

* plus rATat 81> 

Here are some of the feat 
yclu get as standard: 

A neon Safety Light, 
A long life element, 
Iron coated screw-on tip, 
Stainess steel shaft, 
Styled handle, 
A two- minute element 
change, and a Stainless 
steel clip -on hook. 
You can have further 
technical information, or by 
orde'íng one now you will 
see why we call it the 
Super 30. 
Ilit s'ra.cn actual size. 

Greenwood Electronics 
Greenwood Electronics, Portman Road, Reading. RG3 1NE 

Telephone: 0734- 595844. Telex 848659 

WW - 027 FOR FURTHER DETAILS 
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rampian slot easily into this 
odular age...- 

Wireless World, July 1976 

Radio 
5 6 

r 

GRAMPIAN REPRODUCERS LTD. 
HANWORTH TRADING ESTATE. FELTHAM, MIDDLESEX, 
ENGLAND. TEL: 01 -894 9141 

Grampian introduced the modular plug -in concept for building multi facility 
sound installations, together with solid state audio switching over three 
years ago. Since then many hundreds of complex installations have been 
supplied and have set a standard for reliability under the most stringent 
conditions. All equipments are built to a necessary engineering standard 
and not down to a price with its ultimate high cost of ownership. 
All amplifying equipments supported by an extensive range of manufac- 
tured microphones, loudspeakers and all items required for sound 
installations by the firm of forty years standing in the sound business. 

X222 WW067 FOR FURTHER DETAILS 

Problem. 
Where to obtain devices for push -pull audio 

power amplifiers which give good linearity and 
don't blow up on the slightest overload. 

M -OV audio beam 
tetrodes. A pair of KT66s 
will give up to 50W and a 
pair of KT88s will give 
up to 100W. 
And M -OV audio triodes, 
too : a pair of DA42s gives 
up to 200W and a pair of 
DA 100s gives up to 300W. 

EEVand M OV 
know how. wP8 

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

Tel: 01 -603 3431. Telex: 23435. Grams: Thermiónic London 
WW - 054FOR FURTHER DETAILS 

ELECTRONIC 

INDUSTRIAL THERMOMETER 

t 
THERMOMETER 

Aw 

MF:A9l1HF: 
PF, 

°KUM 6L6CTRIC WORKS Lm 

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 1 Y2 

volt standard size battery. 
Model "Mini -Z 1" measures from -40° C to + 70° C 

Model "Mini -Z 2" measures from -5° C to + 105° C 

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

Write for further details to 

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

('Phone 01 -837 7937) 
WW - 021 FOR FURTHER DETAILS 
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P.A. SYSTEMS FOR AIRPORT. HOTEL, FACTORY. 

THEATRE AND LECTURE THEATRE AUDIO SYSTEMS 

AUDIO MIXING EQUIPMENT 

SIMULTANEOUS TRANSLATION SYSTEMS 

RADIO AND T.V. BROADCAST SOUND CONTROL EQUIPMENT 

MARINE INTERCOMMUNICATION AND ENTERTAINMENT EQUIPMENT 

System design, manufacture and installation. 

audix AUDIX LIMITED 
Wenden, Saffron Walden, Essex CB11 4L9 
TEL. Saffron Walden (0799) 40888: TELEX: 817444 

J 

I INLAND MOTOR amplifier and motors 

ton 
DC SERVO 
AMPLIFIER 
EM -1800 SERIES 
25 -300 WATT MIL SPEC DESIGN 

Features: 
Small size for package 
flexibility 
Wide band -width for fast servo 
response 
Voltage or current feedback to 
provide low or high impedance 
output. 
Adjustable gain for maximum 
flexibility. 
Current limiting to prevent 
demagnetization of a DC torque 
motor and for short circuit 
protection. 

Applications: 
DC Torque Motors 
Other DC Servo Motors 
Deflection Coils 
Servo Valves 
Low Inertia Motors. 

hi Math 
COMPONENTS LTD. 

DIRECT DRIVE 
TORQUE MOTORS 
TAC HOG EN ERATORS 
BRUSHLESS MOTORS 
SERVO MOTORS 
for 
Aerospace /Military 
applications. 

Inland products are 
available from plants 
in USA or Europe. 
Motors for taped rives, 
capstan drives and 
instruments are 
also available. 

Inland UK Representatives 
219 Kings Road, Reading RG1 4LS Berkshire 
Telephone: Reading (0734) 68980/65929 Telex: 847032 

WW -066 FOR FURTHER DETAILS 
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DIGITAL CLOCKS 

NEW PRICES 

Module Kit 

MODULE 

"DELTA" £9.00 
.1 EC).. 

Module: Assembled 
Complete Clock Kit 
Complete Clock Kit 
Ready built Clock 
Ready built Clock 

S Perspex Case Colours: Black, White, Red, Blue, Green, Orange. Available separately 

(excl. case) 
(excl. case) 

Perspex Case 
Teak Case 

Perspex Case 
Teak Case 

STD 
9.00 
9.50 

12.00 
12.70 
17.00 
17.70 

ALARM 
11.50 
12.00 
15.00 
15.70 
21.00 
21.70 

MEE 
NEW MODELS 

CALCULATORS 

ALARMS 
Built -in alarm : Tilt operated snooze 

. AM /PM indicator: Power failure indicator 

"ALPHA" 
1 GREEN 0 5" DIGITS 

12 24 

Module Kit 
Module Assembled 
Complete Clock Kit 
Ready -built Clock 

El 0.00 
STD ALARM 

(excl. case) 10.00 13.00 
(excl. case) 11.00 14.00 

Perspex Case 12.50 15.50 
Perspex case 17.50 21.50 

£4.40 

Built Alpha Units: State 12 or 24 hour NOVUS CALCULATORS 
Send S.A.E. 

E 
i 

2 -YEAR GUARANTEE ON READY BUILT CLOCKS 650 £5.40 for complete 

850 £6.75 range 

C PULSE ELECTRONICS LTD (E.1). 202 SHEFFORD ROAD, CLIFTON. SHEFFORD, BEDS. Tel. Hitchin (0462 814477 

Hun n aith :4 in. 

111 
U 

L 

S 

E 
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FAST RESPONSE STRIP CHART RECORDERS 

Specification 

Made in USSR 

Type H3020 -1 

Single pen 

Basic error 2.5% 

Sensitivity 8mA F.S.D. 

Response 0 2 sec. 

Width of each channel 80mm 
Chart speeds. selected by 

push buttons 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: Syphon pen directly attached 
to moving coil frame. 
curvilinear co- ordinates 

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

Dimensions: H320 -1: 285x384x16.5mm 
H320 -3: 475x384x16.5mm 

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

Exclusive of VAT Available for immediate delivery 

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

Tel. 01 -727 5641 Telex: 261306 

WW - 046 FOR FURTHER DETAILS 

Autocrat 
The absolute leader in its class 

Farnell offer the only 
DIGITAL MULTIMETER 

with all these features 

* AUTSRANGING (with hold) * AUTOPOLARITY 

* AUTOZERO * SIX RESISTANCE RANGES 

* LARGE DISPLAYS * A.C. & D.C. VOLTS & CURRENTS 

* TEMPERATURE MEASUREMENT 

DM131 £1471 (mains powered L 

i{F.,Mr Digital Wit 

...t 
aao wN1 

Details from Farrell Instruments Limited Wetherby W. Yorks LS22 4DH 
Telephone 0937-3541 or 01 864 7433 

WW - 053 FOR FURTHER DETAILS 

Keen UOIIPGOOIS flaneg 
ill case... 

WiGll dENSER 
'' special quality industrial 

tool kits and cases 

Send now for details of the superb Jensen range of tools, 
meters and accessory equipment, all in the most handy and 

robust cases - also available separately. Jensen products are 

specifically designed for industrial use, perfect for all 

engineers, technicians, electricians, instrument repairmen etc. 

Choice of more than twenty kits and cases. 

Write for free Jensen catalogue to: 

SPECIAL PRODUCTS DISTRIBUTORS LTD, 
81 Piccadilly. London WI V OHL. Tel. 01 -629 9556. Cables. Speciprod London W1. 

WW - 071 FOR FURTHER DETAILS 
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LOW -COST INSTRUMENTS 

=°- 
11 

,. 
s... 

VALUE! 

£82 
+ £2.00 p.p. o + VAT 

745 COUNTER TIMER 
Measures frequency, period, time and totalises 

32 MHz frequency range (DC coupled) 
5 -digit .3" LED display 

6 Gate times/Time units, 10ps to 1 S in decades 
Sensitive, protected FET input u,N,w 

AMOMENIMM 

4 
744 COUNTER TIMER 

£79 + £2.00 p. &p. + VAT 

Measures frequency, period and time 

30MHz frequency range (DC coupled) 

5- digit, long -life incandescent display 

Sensitive, protected FET input 
ww 049 

-_, w 
Ov(i, 
8 4 3 

6 
643 FUNCTION GENERATOR 

£86 + £2.00 p. &p. +. VAT 
Accurate, digital frequency setting 

.01Hz -1 MHz 
Wide range external control of frequency 
Triangle, Squarewave and Low Distortion 

Sinewave outputs 
500 + simultaneous outputs 

DC offset WW 050 

Delivery is normally ex- stock - telephone for confirmation 
Prices correct at time of going to press, subject to change without notice 

OMR ELECTRONICS 
Riverside, Eynsford, Kent DA4 OAE 

Tel. Farningham (0322) 863567 

FREQUENCY COUNTERS 
HIGHER PERFORMANCE INSTRUMENTS FROM 
1 / 10 Hz to 1.2 GHz. MEASURING FREQUENCY, 
PERIOD, TIME, FREQ. /RATIO AND CALIBRATED 
OUTPUT FACILITY. FAST DELIVERY. 

CRYSTAL OVEN 
OPERATING MANUAL 
TWO TONE BLUE CASE 

-./rlr 
TYPE 

1°°1M 

£670 1 .2 GHz 
Sensitivity 10mV. Stability 5 parts 10.1° 

301M 32MHz 5 Digit £82 401 32MHz 6 Digit £121 

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 £262 1001M 1.26Hz 8 Digit £670 

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

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

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

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

MIDDX. TW15 2RB 
Telephone: Ashford (Code 694 53661/2 

WW -014 FOR FURTHER DETAILS 
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Now nothing 
cantouch our 
new standard 

range of 
encapsulated 

toroids!... 
WITH 5 POWER RATINGS 

now available 
"OFF- THESHELF" 

Our standard range of toroidal transformers are 
now encapsulated to give full protection and 
present a more attractive component. 
Power ratings from 15VA to 130VA. 
Comprehensive range of secondary voltages to 
suit most power supply requirements. 

A ANOBEBG Tø' 
F ill( d+eI from 

Avtd h I LI, South Cn:kcndon. RM15 51 1) 
H.01, O,'041.101) 3.1,1.1 1, °:17106 

WW-077 FOR FURTHER DETAILS 
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NEAL: STEREO 

NEAL 3 CHANNEL AUDIO VISUAL 

MAL' 4 CHANNEL RECORDERS 

140 Series 
4 Channel 

CASSETTE 
RECORDERS 

FOR THE 
PROFESSIONAL 

USER 

NEAL Range includes 102AV, 103AV STEREO AV DOLBY 
102,103 STEREO DOLBY 140 SERIES 4CHANNEL 
110 MONO AV DOLBY 104 HEAVY DUTY REPLAY 

TRANSCRIPTION CASSETTE RECORDERS 
NORTH EAST AUDIO LIMITED 
5 Charlotte Square, Newcastle upon TyneNE1 4XE Telephone (0632) 26660 

WW -056 FOR FURTHER DETAILS 

TRANSV ERTORS 

TRANSISTORISED INVERTERS 

VALRADIO TRANSVERTORS ARE BEING USED ALL OVER THE 
WORLD FOR MANY APPLICATIONS, INCLUDING VIDEO TAPE 
RECORDERS, SOUND TAPE RECORDERS, ALARMS, 
LABORATORY EQUIPMENT, TELEVISIONS AND MANY OTHER 
TYPES OF EQUIPMENT. 

SOME TYPICAL TYPES ARE: 
D24/500S 24v DC input 500 watts sine wave output 230v 
AC £217.20 
D12/ 150T 12v DC input 150 watts square wave 230v output 

£47.55 
D24 /60S 24v DC input 60 watts sine wave 230v output 

£66.95 

We also manufacture Frequency Changers, Power Supplies and 
Standby Systems, and we are always happy to quote for your 
special requireme-tts. All prices plus VAT 

Please send for full details to 
VALRADIO LIMITED, BROWELLS LANE, FELTHAM, 

MIDDLESEX, TW13 7EN 
Tel. 01 -890 4242/4837 

WW-036 FOR FURTHER DETAILS 
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Switching problems? 
Rely on Zettler. 

Producing 30 basic types 
of relay and 15.000 variants 
with regard to contact 
stacks, terminals, energizing 
current and contact 
material, Zettler is among 
the largest manufacturers 
of electro- mechanical 
components. 

Our product range 
comprises: 
Low profile (flatform) 
Timing Miniature Low 
contact capacity Herme- 
tically sealed Stepping 
Mains switching Latching 
Contact stacks Solenoids 

Stepping Relay AZ 170 
Contacts are mechan cally 
latched and thus unaffected 
by supply interruption. 
Regular contact configurations 
from 1 make up to 3 changeovers 
Heavy duty version with 1 make 
or 1 changeover. Switching 
capability: 3 A at 125 V AC. 
Coil voltages : 6 to 110 V DC. 

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

ZETTLER Zettler 
UK Division 

Brember Road, Harrow, Middx HA2 8AS. Tel. (01) 422 0061 
Please look us up at 

Leetronex, Leeds, 29 June -1 July, 1976 
A membe of the worldwide ZETTLER electrical engineering group, est. 1877 

WW -008 FOR FURTHER DETAILS 

MOTOROLA 
IN-LINE WATTMETER 

Measures power output from transmitter and reverse 
power from antenna. 

Compact and light weight (approx. 1 lb) 

Frequency range 2MHz to 19Hz. 

Measures RF power from 1W to 1 KW. 

System includes a series of wide range RF elements which 
can be left permanently in -line in the transmission cable - 
measurements can then be taken without disconnecting 
the antenna. 

MOTOROLA ELECTRONICS LTD., 
444 BATH ROAD, SLOUGH, BERKS. 
TELEPHONE: BURNHAM 62427 TELEX: 847121. 

ww - 018 FOR FURTHER DETAILS 
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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 the 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 bipolar or FET. 

On the contrary, the clear six -LID display tills You at a glance the polarity of the device (NPN. PNP, N- channel. P- channel) and 

for out-of-circuit tests whether it is bipolar, depletion FET, or enhancement FET. 

If you then flick the teat 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. appl. 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 Pith battery, easy -to -use probes for in- circuit tests, and detailed handbook.. 

Write for full details or send now for your own time saver' . Price ti49 plus 8% VAT. cash with order. 

DATONG ELECTRONICS LIMITED 
11 Moor Perk Avenue, Leeds LU 4BT 

Telephone: 0532 755579 

WW-035 FOR FURTHER DETAILS 

1s. 

i 

THIS IS IT! 
Fully built and tasted 
for immediate use in 

ANY tuner using 
Vari -cap control 

TOUCH TUNE PRE -SELECT UNIT 
Shown here with meter drive components from Kit K 1 2 

mounted on same P.C.B. 

2 
ter ;me. he,. Our Tuner is now fully updated and improved. If you 

intend to build, you must buy our new booklet fully 
describing oul(updated tuner. 
(50p post free, refúndable on orders over £10) 

NOW IS THE TIME TO BUY! 
Our prices were reduced in April. Now 
VAT has been halved. Will things ever 
be quite this good again? Make use of 
your credit card and buy how with 
confidence. 
We give full after -sales service and 
guarantee with all parts and kits. 

6 channels plus manual. 
Illuminated touch buttons. 

20 volts supply. 

Full instructions for use. 

Fully built and tested. 

Available now, post free. 

Introductory price f:16.71 inc. V.A.T. 

See May's advertisement for full lists 
and prices, or write to: 

33 Restrop View 
Purton, WILTS. 
SN5 9DG 

JES AUDIO INSTRUMENTATION 
Illustrated the Si453 Audio Oscillator 

SPECIAL FEATURES: 
* very low distortion content -less than 0.03% 
* an output conforming to RIAA recording characteristic 
* battery operation for no ripple or hum loop 
* square wave output of fast rise time 

£50.00 

also available 

Si451 Millivoltmeter 
* 20 ranges also with variab!'e control permitting easy reading of 

relative frequency response £50.00 

Sí452 Distortion Measuring Unit 
* low cost distortion measurement down to 0.01% with comprehen 

sive facilities including L.F. cut switch, etc. £40.00 
ALL PRICES PLUS VAT 

J. E. SUGDEN & CO. LTD., CARR STREET, CLECKHEATON, W. YORKS. BD19 5LA. Tel. 0274472501 

WW -079 FOR FURTHER DETAILS 
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Made it Britain 

s 

WARN TENIIIN DN27 GRAPHIC EQUALISER 

Better Performance than any Graphic Equaliser on the market 

BUY BRITISH BUY HLARH- TEHIIIH RESEARCH LIMITED 
Summerfield Kidderminster DY11 7RE 
Tel Kidderminster 64027 

WW -045FOR FURTHER DETAILS 

VERSATO\A'ER 
Strumech Engineering Limited 

Coppice S ide, Brownhills, Wal Sall. West M id1áñds 
Telephone. Brownhills4321 

WW -011 FOR FUTHER DETAILS 

DATA AND 

COMMUNICATIONS 

TERMINALS 
Teletype 28, 32, 33, 35, 40 

TermiNet 30, 300 & 1200 (30 and 120 cps) 
Teleterm 1 030 & 1132 (portable 30 cps 

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

TermiNet 120 line printer 

* 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 
Cables RANNO Tring 
Telex 82362 
A/B Batelcom Tring 

WW-010 FOR FURTHER DETAILS 
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AMCRON POWER AMPLIFIERS 
The AMCRON range of DC- coupled power amplifiers are used by Government, and University Research 
Departments as well as by Industry for a variety of applications ranging from Shaker, and Vibrator driving, to 
driving both AC and DC Motors, providing variable frequency power supply, or high voltage material testing. All 
models are DC- coupled throughout, with Intermodulation, and Harmonic Distortion below 0.05 %, damping 
factor of at least 400 from DC to 1 kHz, and the ability to operate into load impedances from 1 ohm to infinity even 
into highly reactive loads. 

RMS power out 

M600 

750 watts into 8 ohms 

DC 300A 0150A 

1,350 watts into 4 ohms 500 watts rms into 2.5 ohms (1 chan) 200 watts into 2.5 ohms (1 chan) 
Power bandwidth DC to 20 kHz + 1 db -Odb DC -20kHz + 1 db -0 db DC -20 kHz + 1 db, -0 db 
Phase response +0,- 15' DC - 20 kHz +0, - 15' DC to 20kHz + 0', - 15' DC to 20 kHz 
Slew rate 16 V/ usecond 8 volts per microsecond 6 volts pe- microsecond 
Hum & noise 120 db below 600 Watts At least 1 10db below 150 watts At least 115 db below 90 watts 
Dimensions 19" std rack, 83/4" H, 16'/2" Deep 19" Rackmount. 7" High, 93/4" 19" Rackmount, 51/4" H, 83/4" D 

Deep 

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

WW -006 FOR FURTHER DETAILS 

MACINNES FRANCE 
45 Rue Fessait 
Paris 75019, France 
Tel: 203 -30 -01 
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itar* 
ITAM 805 (8TRACK) 
MASTER RECORDER 

Fully modular elec- 
tronics using plug - 
in PCB 's through- 
out. Separate sync 
and replay amps 
give identical 
levels. Switchable 
Vu's with slow 
decay. Individual 
oscillator for each 
channel. Dolby A 
switching facility. 
Comprehensive 
facilities include 
sync on all chan- 
nels, servo con- 
trolled capstan. 
modular electron- 
ics. variable speed 
(optional), relay - 

solenoid operation 
Compact presenta- 
tion for easy porta- 
bility. 

£1790 + VAT Full console optional extra.. 

Compatible 8- output Mixer available 
£1260 + VAT 

OTARI DP -4050 
CASSETTE COPIER 

Ideal for one copy 
or ten thousand. 
Eight times copy 
speed, foolproof 
operation for non - 

skilled personnel, 
modular construc- 
tion, - servo -con 
trolled direct cap- 
stan drive. 

Immediate delivery 

THESE ITEMS ARE INDUSTRIAL PRO- 
DUCTS AND SUBJECT TO 8% VAT 

Industrial Tape Applications 5 Pratt Street, London NW1 OAE 
Telephone: 01.485 6162. Telex: 21879 

ww - 069 FOR FURTHER DETAILS 
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i4Eice Bw4cats 
AM Series Broadcast 
Mixing Consolas for 
Radio and Television 

USA: CCA ELECTRONICS 
CORPORATION 
NEW JERSEY 
TELEX 84 -5200 

11111 RN, MN 
I!////III1/il 

CANADA: CALDWELL AV. 
EQUIPMENT CO. LTD. 
TORONTO 
TELEX 06- 963645 

Contact: 
Chris Walden or 
Ted Fletcher at: 
Windsor (07535) 51056 / 7 

AL!ic 

20- channel Custom 
Sound Console for 
ULSTER TELEVISION 

JAPAN: TAITO BOEKI LTD. 
TOKYO 106 
TELEX J2 -2498 

(Stancoil Ltd.), Alexandra Road, Windsor, Berks. Telex 849323 AEGIS G 

TPA SERIES -D 
integrated circuit 
pourer amplifier 

TPA 50 - D Specification 
Power Output 

Freq Response 

Total harmonic 
distortion 
Input sensitivity 
Noise 

Rise time 
Price 

100 watts rms into 4 ohms 
65 watts rms into 15 ohms 

±0.1dB 20Hz to 20KHz into 
15 ohms. -1dB at 150KHz 
Less than 0.04% at all levels up to 
50 watts rms into 15 ohms 
OdBni 
-100dB 
2 u seconds 

£77 plus V.A.T. 
100V Line (C.T.) and balanced inputs available. 
For full technical information contact: 

H11H ELECTRONIC 
CAMBRIDGE ROAD, MILTON, CAMBS 
TELEPHONE CAMBRIDGE 65945/6/7 

ww - 023 FOR FURTHER DETAILS 

'lèst Eqnipmeit 
Multimetas 
The Eagle range of multimeters 
covers every possible need of the 
electrical or electronic engineer. 
They cost from about £6 to £58 
(inc V.A.T.). There's at least one 
which suits your job precisely. 

We have a lot of other test equipment too. 
Send the coupon and we'll send you our 
complete catalogue. r 
Please send me details of all your test equipment 

NAME 

ADDRESS 

Eagle International Ltd., Precision Centre, Heather Park Drive, Wembley HAO 1 SU =7 Tel(01) -902 8832 

IL 

WW - 030 FOR FURTHER DETAILS 
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THE `MISTRAL' I DIGITAL CLOCK 
* COMPLETE KIT * 

Pleasant green display 12 /24 Hour readout 
Silent Synchronous Accuracy Fully electronic 
Pulsating colon Push- button setting 
Building time 1 Hr. Attractive acrylic case 
Easy to follow instructions Size 1 0.5x5.7x8 cm 
Ready drilled PCB to accept components 

KIT PRICE £10.25 
+ 82p VAT P &P inc. 

THE `MISTRAL' 2 DIGITAL 
ALARM CLOCK 

* Fully Built, Tested and Guaranteed * 
WITH SLEEP -OVER FEATURE 

Soft Green Display 
24 Hour Alarm 
10 Minute Repetition 

Alarm Set Indicator 
Accurate Silent Timekeeping 
British Designed and Built 

COMPLETE CLOCK 
£12.99 

+ £1 04 VAT P &P inc. 

Available direct or from Henrys, Electro- 
value, Electrotime, Metac, Bywood, 
Crofton, Swanley, Orchard Radio Shop, 

Progressive, Radio, etc. 

Cash, Cheque or Postal Order or if you wish to use Barclaycard or Access 
simply quote name, address and card number when ordering. Company 

101TEDH PRDDIJDTS ETD 
IMP HOUSE, ASHFORD ROAD 
ASHFORD, MIDDX. TW15 1XB W 
telephone ASHFORD 44211 (4 lines) 

telex 936291 WESSIMP ASHFORD 

SUMMER SALE 
DEDUCT 10% FROM THE PRICES 

SHOWN HERE. OFFER CLOSES 
JULY 31st 1976 min. CWO £1. 

LINEAR ICs 
CA3089E 
K B4402 
TDA1200 
HA1137W 
CA3090AQ 
MC1310P 
K B4400 
CA3053 
CA308BE 
LM 1496 

MC1350P 
SN 76660N 
TBA120AS 
TBA651 
uA720PC 
uA753 
TD A440 
LM380 
LM381 N 

LM3900 
MC3401 
uA741 
TBA810AS 
TCA940E 
TDA2020 

1.94 
1.94 
1.94 
2.20 
3.75 
2.20 
2.20 
0.40 
1.50 
1.02 

0.70 
0.75 
1.00 
1.81 
1.40 
0.99 
1.75 

1.00 
1.81 
0.68* 
0.68* 
0.40* 
1.09 
1.80 

2.99 

7805KC 
7805UC 
78L12 
78M12 
TDA1412 
7812 
7815 
78M 20 
78M24 
uA723 
N E 550 
LS8038 
NE555 
N E 560 
NE561 
NE562 
NE565 
NE566 
NE567 
M VAM2 
BA 102 
BA121 
MV104 
MEM615 
ME M616 
11C90 

1.75' 
1.55* 
0.45* 
1.20* 
0.95' 
1.55* 
1.55* 

1.20* 
1.20* 
0.80' 
0.80* 
3.10* 
0.70* 
2.50 
2.50 
2.50 
2.50 
2.55* 
2.50* 
1.05 
0.30 
0.30 
0.45 
0.38 
0.50 

14.00* 

DISCRETE 
ZTX 107n 
ZTX 108n 
ZTX 109n 
ZTX212p 
ZTX213p 
ZTX214p 
ZTX413n 
ZTX551p 
ZTX451n 
BF224n 
BD515n 
BD516p 
BD165n 
BD 166p 
BD535n 
BD536p 
BD609n 
BD610p 
BD377n 
BD378p 
1N4001 
1N4004 
1N4148 
OA91 
DL704 
SLA1 

0.14 
0.14 
0.14 
0.16 
0.16 
0.16 
0.18 
0.18 
0.18 
0.22 

0.27 
0.30 
0.50 
0.54 
0.52 
0.53 
0.70 
1.20 
0.29 
0.32 
0.06 
0.10 
0.07 
0.08 
0.95* 
1.25* 

Modules, tuners 
5600 Varicap Mosfet with 4 tuned RF ccts. 
EC3302 Varicap FETiBipolar min. tunerhead. 
9001 Frequency meter, scale 88 - 108. 
9002 Strength meter, scale 0 - 10. 

9007 Tuning meter, scale 3 - 0 - 3 
7700 'Off -air' UHF TV sound receiver Varicap 

tuned, with interstation muting, and sound 
detection at 38 MHz (Built). inc. P.S.U. 

8011 6 station electrnic station selector for any 
positively tuned varicap tuner system, 
incorporating a muting output, AFC lock 
and scan tuning. Built. 

7252 Top quality tunerset VHF to audio Varicap 
tuned with 3 meter outputs. 

7253 Tunerset with built -in stereo decoder. 
Varicap tuned. 

8319 Dual Mosfet tunerhead as used in 7252. 
2020k TDA2020 stereo amplifier kit. 
20201-IS Heatsink for one TDA2020 (only with IC). 
8001k 55kHz low pass filter (birdy filter) for 

stereo radio (between detector and decoder). 

Suffix 'k' indicates kit, otherwise supplied built and tested. 

NEW MODULES (EDGE TERMINATED) 

5619 6 stage, dual mosfet UHF tunerhead. 
7020k 10uV FM IF system with muting, agc, 

main tuning voltage AFC system. 
92310k Comprehensive 1310 decoder, with 

notch filters and 5x gain. 

11.00 
5.50 
2.50 
2.50 
2.50 

26.00 

14.99 

24.00 

24.00 
12.00 

7.85 
0.75 

1.75 

£12.50 

£4.50 

£5.35 
General Terms: CWO please, official bodies and companies please note min. invoice 
£7.50. PP for CWO orders 22p per order. (UK and Eire). Overseas customers please a m ' where sufficient for postage. VAT is not included, and must be added at 148 : °h, but 
where items are marked 'only add 8 %. In stock orders despatched within 48 hours. 

INTERNATIONAL 25 High Street, Brentwood, Essex. Tel: (0277) 216029, Telex: 995194. 
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D.M.W. 
D.M.W. ASSOCIATES (ELECTRONICS) LIMITED 

Time code generators' 
translators, tape search 
systems with manual or 
computer control 

High -power wideband 
linear amplifiers 

A comprehensive range of airborne and ground 
based Time Code Generators, Translators, and 
Tape Search Units. The equipment is used in 
conjunction with instrumentation and other types 
of magnetic Tape Recorders, for efficient data 
acquisition and analysis. Manually operated 
equipment and fully computer controlled systems 
are available. The computer controlled systems 
include installation, commissioning and checkout 
software. A design service for special time code 
applications is also available. 

A comprehensive range of wideband 
linear amplifier systems covering the 
frequency range 500 kHz -60 MHz is 
available. A wide rangé of power output is 

available by combination of basic modules. 
Hybrid couplers for power splitting and 
combining, sub -octave high power 
switched filters, and automatic aerial 
matching units are also available. The 
company also offers a design and 
development service for special systems. 

SYSTEMS 
STUDY -DESIGN 

ENGINEERING 
AND 

INSTALLATION 

r 
, +r . 

HIGH SPEED VIDEO ANALOGUE TO DIGITAL AND DIGITAL TO ANALOGUE 

CONVERTERS AND SYSTEMS. 

VIDEO INSERTION UNITS 

RESEARCH AND 
DEVELOPMENT 
FACILITIES 
COVERING A WIDE 
RANGE OF 
TECHNOLOGY 

DMW Associates (Electronics) Ltd 
6 -8 Morris Road 
Royal Oak Industrial Estate 
Daventry, Northamptonshire 
Great Britain, NN 1 1 5PD 
Telephone: Daventry (032 72) 71472 

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

Plug Into The Revolutionary New 

BIMBOARD 
The Only Professional Quality Breadboard That 

Accepts All DIL Packages With 6 To 40 Pins 

Incorporates Bus Strips For Vcc And Ground 

Includes A Component Support Bracket 

Has Over 500 Individual Sockets 

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

Diodes, Resistors, Capacitors 

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

BOSS INDUSTRIAL MOULDINGS 11D 
Higgs Industrial Estate, 2 Herne Hill Road, London, SE24 OAU, England 
Telephone 01 -737 2383 Telex 919693 

Why resist ?,;r;j, 

+CLt1t: i or_ 

f't`C 

With a calibration accuracy of 
5 ppm and a resolution better than 0.1 ppm, the 

JJ BR150/10 a.c. bridge is particularly suited to precision 
resistance thermometry. 

The BR100 d.c. bridge will calibrate an eight decade 
resistance box on every setting of every decade 

to within 2 ppm in less than 5 minutes. 

For industry, research and education, JJ offer rapid delivery of 
electrical reference, measuring and recording equipment in a 

wide range of prices and specifications. 

Resistance Bridges; Galvanometers; Potentiometers; Decade Boxes; 

Dynamometers; Machine Sets; Tensile Testers; Pen Recorders. 

Send for our illustrated catalogues: 

J.J. LLOYD INSTRUMENTS LTD. 
Brook Avenue, Warsash, Southampton 
S03 6HP, England. 
Tel: Locks Heath 4221 (STD 048 95) 
Telex: 477042 - JAY JAY - SOTON. 

INSTRUMENTS Cables: Eddymes, Southampton. 
WW-058 FOR FURTHER DETAILS 
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The Semicon 
International 
Transistor Index 

6th EDITION 
(1975/61 

Easy alpha- numeric reference to the ratings and characteristics 

of some 24,000 transistors of international origin. European, 

U.S.A. Japanese. Essential guide for all Engineers, Technicians, 

and Buyers. Over 45o pages of basic information. By far the 

best manual of its kind available anywhere to-day. 

* EXTENSIVE SUBSTITUTION GUIDE 
* CV & BS DEVICES & EQUIVALENTS 

* TERMINATION DRAWINGS 
* ALTERNATIVE SOURCES OF SUPPLY 

Remit with order E 9 60 Elsewhere £10.90 
price. UK only. Surface mailing 

Please send copies of the Semicon Transistor Index, 6th Ed. to. 

Name 

Address 

: l enclose cheque/postal orders for £ 
My Access /Barclay /interbank Card No. is 

II I_ I I ID 
Relund ,1 not satisfied and hook is returned within 14 days. 

Semicon Indexes Ltd. 2 Denmark St. Wokingham. Berks. RG 11 2BB. 
TEL. WOKINGHAM (0734) 786161 
WW-032 FOR FURTHER INFORMATION 

bmeliP11 
PROFESSIONAL 
TAPE TRANSPORTS 
and multi -channel electronics 
for studio and industrial use 

Finance 
available 

i Type 19 ; 25mm model 

* Tapewidths up to 25mm 
* Speeds: 3mm/ s minimum up to 152cm /s max 

2 and 4 speed models 
2k Reel Capacity up to 29cm 
2k Remote Control Facility 
* Tape Tension Control 
* Automatic Interlock against misuse 

* Special models to customer requirements 

BRENELL ENGINEERING CO LTD 
231 -5 Liverpool Road, London N1 1LY. Tel: 01- 6078271 

RADFORD 
AUDIO HIGH SENSITIVITY 

VOLTMETERS & NOISEMETERS 

HSV1 

HSV2 

ANM1 

Audio Voltmeter. Average reading 

Audio Voltmeter. True r.m.s. reading 

Audio Noisemeter. Average reading 

£ 125.00 

£175.00 

£ 150.00 

ANM2 Audio Noisemeter. True r.m.s. reading £200.00 

Four instruments are now available for the measurement of 
audio frequency signals including noise. They are derived 
from a basic battery operated voltmeter design having 16 
measurement ranges from 104V for full scale meter 
deflection to 300V f.s.d. The Voltmeter has a high input 
impedance and low inherent noise. It is fitted with a high 
grade meter having a 5" mirror scale of excellent linearity, 
calibrated in volts and dBv. 

The Audio Voltmeter (HSV1) becomes an Audio 
Noisemeter (ANM1) by the inclusion of frequency 
contouring networks having characteristics recommended 
by international organisations concerned with specifica- 
tions and measurement standards as being suitable for the 
quantitative measurement of the subjective effect of noise 
in audio systems. The HSV1 and ANM1 instruments 
respond to the average or mean value of the waveform 
being measured and are calibrated in r.m.s. values on a 
sine wave. 

In the HSV2 and ANM2 instruments an r.m.s. to d.c. 
converter module is incorporated which provides a true 
r.m.s. reading on waveforms with a crest factor in excess 
of 10. These instruments are also provided with an 
additional output socket giving 1.00V d.c. output 
corresponding to 1.00V at nominal full scale meter 
deflection to operate a chart recorder or d.c. digital. 
voltmeter. 

All the instruments are fitted with a socket to enable an 
external network of any weighting characteristics to be 
introduced in the measuring circuit. This extends the use 
of the instruments to vibration and acoustical measure- 
ment as well as to the measurement of gramophone 
turntable rumble, f.m. receiver noise, etc. 

Brief Specification. 

Frequency response as 4Hz to 500kHZ ± 0.5dB at- 
Voltmeter frequency limits. 

Input impedance 

Attenuator accuracy 

Meter scale linearity 

Waveform error in true 
r.m.s. instruments 

Noisemeter included Wide band (flat response as 
weighting characteristics voltmeter) 

DIN. 'Audio Band' 
IEC /DIN. Curve 'A' 
CCIR 

111/4" X 71/4rr x 81/2" 
deep overall 

Please write or phone for descriptive leaflet giving details of the 
design and full performance characteristics of the above 
instruments, together with a reprint copy of Dolby Laboratories 
Inc. Engineering Field Bulletin No 19/ 2 - 'Noise Measurement 
on Consumer Equipment'. 

1 Mohm shunted by 30pF. 

0.25 %. 

1%. Typically better than 
0.5 %. 

19/0 for crest factor 10. 

Size 

RADFORD LABORATORY INSTRUMENTS LTD. 

Ashton Vale Road, Bristol BS3 2HZ Avon 
Telephone 0272 662301 

USA. Roth /Sindell. 540 Kelton Ave., Suite 102 
Los Angeles, California 90024. Tel. (21 3) 473 -3687 

WW-068 FOR FURTHER DETAILS 
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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 

LE DON INSTRUMENTS LTD. 
GLADSTONE WORKS, GLADSTONE RD, 

FOLKESTONE, KENT. 
TEL: (STD) 0303 57555 

WW - 031 FOR FURTHER DETAILS 

servos 
synchronous 

steppers 
dc motors 

gearboxes and 
control systems 

Stockists for 1R1?EX Motors moInan 
McLENNAN ENGINEERING LIMITED 

Kings Road Crowthorne Berks Telephone: Crowthorne 5757/8 

WW - 005 FOR FURTHER DETAILS 
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-a star is born.. 
- - - - ----- p 

TEX 
nHolland, 

ask for our catalogue! 
FREQ.000NTERS is ~ 
RFC 30 

RFC 250 t 

LIGHTORGANS *+ 
3X500 AND ) --;) 

3X1000 WATT 

2 MTR. RECEIVER " 
ff 1 

POWER SUPPLIES 
STEREO MIXERS 6 MODELS 

PS_2 

2Á0V 

'and a large variety 
f electronic:= ... 

: : :. :. < :: :: >:modules : 
:::sales only via wholesale 

RADIO ROTOR EMMEN HOLLAND. :: 
PO. BOX 260,TELEF. 01031_5910_16810 , TELEX 53910 

PRECISION PETITE LTD. 
119A HIGH STREET, TEDDINGTON, MIDDX. 

TEL. 01 -977 0878 

Now with the: 

NEW MK. II DRILL 
10,000 r.p.m., 120 

cmg. 

"MORE 
POWER - 

MORE 

TORQUE" 
12v. - 14v DC 

DRILL ONLY £8.00 
(P P. 35p) 

STAND £3.76 
(P. P. 35p) 
Incl. VAT 

(Together 50p P.P.) 

SAE for illustrated 
leaflet and order form 
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ALL THINGS ARE 
POSSIBLE 

An engineer looks at 
research and development 

E. R. Laithwaite 

All 

Things 

are 

Possible 

In this, Professor Laithwaite's seventh book, he again offers us a rich 
mixture of controversial and always thought provoking articles. In the 
manner that we have learned to expect, he conveys through his writings e 
and experiments the excitement of engineering and invention, and 
the ways in which man in his laboured progress has so often merely , J 
mimicked nature's own engineering achievements. a` 
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The author, famous in the academic world and for 
numerous television appearances, presents us with two 
series of articles, 44 in all, which will appeal to the 
engineer, scientist and all interested readers 
equally. The price of the book is £2.85. 

From leading newsagents and bookshops, or can be ordered 
direct by using the coupon below. 
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COIL WINDING 

Manufacturers of all wound components including 
transformers, chokes stators and armatures. 
Prototype and design service available. 

Electric Windings' factories are equipped to handle 
large or small volume production. Vacuum 
impregnation plants provide varnish impregnation 
for all temperature requirements. 

ELECTRIC WINDINGS (LONDON) LTD. 
(Dept. WW) Avenue Works, Gallows Corner 

Romford, ESSEX RM3 OAJ 

Ingrebourne 46677 

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 Phone: 01183717937 

WW - 022 FOR FURTHER DETAILS 

ANEW DIMENSION 
IN SOLDERING 

!so -Tip Cordless 
Soldering Iron 

Ideal for factory, field servicing, 
laboratory or home, the Iso-Tip 
Cordless offers a great advance in 

soldering. It is completely portable, 
heats in 5 seconds and recharges 
automatically in its own stand. 

The !so-Tip is powered by 
long -life nickel cadmium batteries 
giving tip performance up to 50 
watts with a temperature of 370 °C. 
Tips are available in five different 
sizes ranging from Micro to 
Heavy Duty to meet all soldering 
requirements. 

Greenwood Electronics 
Portman Rd, Reading RG31NE, England. 
Telephone: Reading (0734) 595844. 
Telex: 848659. 

WW - 026 FOR FURTHER DETAILS 

ELECTRONORGTECHNICA 

carbon film 
RESISTORS 

1/8 and 1/4w 70° C 5% toi. E.1 2 

EX -STOCK 
PER 1,000 PLUS £4.50 OF ONE VALUE V.A.T. 

Contact John Gingell 

HERO SERVICES LTD. 
44A Westbourne Grove 
London W2 5SF 
TEL, 01 -727 5641 TELEX 261306 

NW --OriO rOR r uRTHER DETAILS 

QUARTI 

CRYSTALS 

- FAST! 

AEL GATWICK HOUSE, HORLEY, SURREY, ENGLAND 
Tel: Horsey (02934) 5353 
Telex. 87116 (Aerocon Horsey) Cables: Aerocon Telex Horsey 

WW-039 FOR FURTHER DETAILS 
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PRINTED CIRCUIT BOARD TRANSFER SYSTEMS 
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Acid resistant transfers for direct application to P.C. Board. This is a 

new approach to printed circuit board manufacture, giving a 

professional finish with all details that an electronics engineer would 
require, including all drilling positions automatically marked. 
Ideal for single unit boards or small quantities. All at a very low 
cost -for example an average 6" x 4" layout would cost less than 
30p, and the time taken under one hour, including etching to 
complete. 
The system is simple, briefly it consists of 10 sheets of self adhesive 
acid resistant transfers made in required shapes - i.e. edge 
connectors, lines, pads, dual in line I.C.s, 8- 10 -12. T.0.5 Cans, 3 -4 
lead transistors, etc., etc., which only require pressing into the 
required positions on the printed circuit board before etching. 

The printed circuit transfer system is a genuine offer to the public and 
industry, A full money back guarantee is sent with each order, trade 
prices on application. 

List of Prices 

Complete system including post and VAT £2.95 
Individual sheets 30p 
Sample sheet 30p 
Ex. U.K. Post Extra £1.00 

Printed circuit board PCB transfer systems patent applied for 

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE 
TELEPHONE NUMBER 061 -480 2179 

GRO OVAC 
vacuum record 
cleaner 

Clear visual evidence of 
ability to collect matter 

Hi F1 News. May 76 

Silent and most effec- 
tive Hi Fi Answers. Aug 75 

Can you hear the 
difference? Definitely 
yes Gramophone. Dec 75 

Exhaust silencer virtual- 
ly eliminates noise 

Gramophone, Dec '75 

Price tit 5.95 inc VAT, p & p 75p 

1 

,t BIAS FOR PERFECT 
TRACKING 

* NEW SILENCER 

STRONGER SUCTION 

Supplied with -- 
both magnetic and 
self adhesive mounting 
nozzle cleaning brush 
spare filter 
adjustable height 

Leaflets and Reviews available 

me,x AUDIO Kernick Road. Penryn 
Cornwall TRIO 9DQ, England 
Telephone. Penryn 72753 

WW - 051 FOR FURTHER DETAILS 

The 
new 
Rank 

wowa FWTTER Meter 
Type 

1742 

RANK FILM 

EQUIPMENT 

Fully transistorised 
for high reliability 

Versatile 
Meets in every respect all current specifications 

for measurement of Wow, Flutter and Drift 
on Optical and Magnetic sound recording /reproduction 

equipment using film, tape or disc 

High accuracy 
with crystal controlled oscillator 

Simple to use 
accepts wide range of input signals with 

no manual tuning or adjustment 

Two models available: 
Type 1742 'A' BS-4847: 1972 DIN 45507 

CC1R 409-2 Specifications 
Type 1742 'B' BS 1988: 1953 Rank Kalec 

Specifications 

For further information please address your enquuy to 
Mrs B. Nodwell 

Rank Film Equipment, PO Box 70 

Great West Road, Brent ford 
Middlesex TW 8 9HR 

Tel: 01- 568 9222 Telex 24408 Cables Rankaudio Brentford 

WW - 013 FOR r1tRrorm L'î: i R?LS 
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Confused`- 
about cartridges? 
Looking for a new cartridge or replacing your old one? ... then 
undoubtedly Tenorel can help you. See your local Hi -Fi Dealer 
for further details or fill in our coupon below: - 

Prices start from as low as £5.45 up to £17.50 ex VAT. 

ten oret !hark, hur..d by 
Condor Electronics Ltd.. 100 Coombe Lane, 
London SW20 OAy. Tel. 01 -946 0033. 

to Condor Electronics Ltd 

I1I 

Please send me 
Idetails on the 

11 New Tenorel 
Range of 
cartridges and 

11 local stockists. 

IL 

100 Coombe Lane, London SW20 OAY. 

Name 

Address 

PROFESSIONAL - FREQUENCY COUNTERS 

BY HOYMITZ 
Up-to- the -minute design. All five of our range of 
frequency -period -ratio counters are directly gated. For 
best resolution - FAST. 

Stability. Electronic controlled crystal oven 3 parts 10' 
Bright. .63" character height display. (All Nine) 
CHOICE. Filament or LED with Polaroid Filter. 

All counters have suppressed leading zeros and auto 
decimal point positioning for easy positive readings. The 
memory is also standard. 

Suffix F- Filament Suffix L- LED 

Type DG1001 

Type DG100F 

Sensitivity IOcV 
Frequency 100 Mhz 

PRICE £199.00 

Type D6321 

Type 0632F 
18 digit only) 

Sensitivity IOMV 

Frequency 32 Mhz 

PRICE £169.00 

Type DG700L 

Type 136700F 

Type DG400L 

Type DG400F PRICE £349.00 

Sensitivity AMP 1.DC -150 Mhz. 10mV 

Sensitivity AMP 2.40 Mhz -400 Mhz. 
I OmV 

Type DG500L 

Type DG500F PRICE £475.00 

Sensitivity AMP 1.DC -150 Mhz. 10mV 

Sensitivity AMP 2.40 Mhz -500 Mhz. 

10mV 

SPECIALS TO ORDER 
Telephone Today 0642 -431 24 

Telex No. 587238 
Hoymitz Electronics Ltd. 

7 -9 Albert Terrace, Middlesbrough 
Cleveland, TS1 3PA, England 

Sensitivity AMP 1.0C -200 Mhz. 10mV. PRICE £569.00 
Sensitivity AMP 2.40-700 Mhz. 10mV 

Prices exclusive of VAT 

WW -033 FOR FURTHER INFORMATION 
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nombrex 

MODEL 41 
R.F. SIGNAL GENERATOR 

Price £54.85 
* 150 KHz - 220 MHz on fundamentals. 
* 8 clear scales - Total length 130mm. 
* Spin -Wheel Slow Motion Drive 11 - 1 ratio. 
* Overall Accuracy - 24.%. 
* Modulation, Variable depth and frequency. 
* Internal Crystal Oscillator providing calibration checks throughout all 

ranges. 
* Mechanical scale adjustment for accurate alignment against internal 

1 MHz crystal oscillator. 
* Powered by 9V Battery. 

Trade and Export enquiries welcome 
Send for full technical leaf lets 
Post and Packing El 00 extra 

NOMBREX LTD., POUND PLACE, WOLBOROUGH STREET, 
NEWTON ABBOT, DEVON, TQ12 1NE 

Tel. Newton Abbot 68297 

PLUS V.A.T. 

WW - 016 FOR FURTHER DETAILS 

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 fist 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 
Uepl WW 

5 Swan Street, Wilmslow, Cheshire (Tel. 26213) 
Mail Order and Personal Expon enquiries: Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow (Tel. 29599) 
Also in stock: All Radford apsalrer drive units and era ssovare, ZD22 proems, Low 
Distortion oscillator L1103 and Distortion Measuring set DM$3. 

WW -061 FOR FURTHER DETAILS 
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SGS-ATES power linears 

it's lonely át the top 
Our loneliness and our leadership go back a 

long, long time; they began with power linears. 
In fact, right from the start we've done it all 

ourselves; paving the way for the others. So that now, 
when you talk about power linears you automatically 
talk about SGS -ATES. And in all senses - from 
experience to technological progress, from the 
fullness of range to production know -how. 

In 1968 we put the first audio amplifier on the 
market - the 2 W TAA 611 - and since then we've 
gone on being first at every new step along the 
way. In 1970 we were the first to achieve 5 W 
with the TBA 641 and TBA 800; in 1972 the first 
circuit with thermal protection - the 7 W TDA 810 S. 

In 1973 the first amplifier to achieve 10 W 
with full protection - the TCA 940. 

In 1974 the first real Hi -Fi, the TDA 2020 - 

20 W with 1% distortion. 
The development of these technologies has 

also made it possible to make the first complete 
sound- channel for TV; the first monolithic 
vertical deflection system; the first complementary 
Darlington integrated pair. 

And now? 
The TDA 2002: the most robust and compact 

audio amplifier. The very best of 
our design experience has 
gone into producing the 
TDA 2002: in the chip and 
the package. It comes in 
Pentalwatt® and it's highly protected against 
thermal overloads; against short- circuits; against 
supply overvoltages including spikes. 

With a 14.4 V supply it gives 8 W on 2 Q. 

It is ideal for car radios and saves 50% on external 
components and even more on space: 

And that's why 

5G5 A 

SGS-ATES (UNITED KINGDOM) LTD. 

25 
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EEVmarine magnetrons? 

MARINE RAD AR STOP., 
+ + + EEV MAGNETRONS FOR 

COMPLETE STOP ALL TYF',ES NOW 

EXPANSi ' ON CO . 
m.. : 

AVA 1 

, 
l,ABLE STOP FOR EX STOCK DELIVER) ES 

ORDER NOW. ENELECTIGO 

To meet increasing world- 
wide demand, we've stepped 
up production of EEV marine 
magnetrons. 

Now you can order all EEV 
types and be sure of getting 
them from stock. 

You'll be sure, too, of 
getting the world's best tubes. 
EEV's unique metal /ceramic 
magnetrons can last 60% longer 

Yes. 
than other makers' glass types. 

Get the best. Fast. EEV /1\I -OV 
magnetrons, modulator tubes, 
duplexer devices, CRTs - in fact, all 

the tubes you need for 
marine radar. 

From EEV /M -OV 
international stockists 
everywhere. Or if you'd 
like our equivalents list, 
contact Chelmsford. 

EEVand M-OV know how. 

D 

THE M -O VALVE CO LTD, Hammersmith, London, England W6 7PE.Tel: 01 -603 3431. Telex: 23435. Grams: Thermionic London. ENGLISH ELECTRIC VALVE CO LTD, Chelmsford, Essex, England CM 1 20U. Tel: 0245 61777. Telex: 99103. Grams: Enelectico Chelmsford g8(° g 
WW -075 FOR FURTHER DETAILS 
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IPC Business Press Ltd, 1976 

Photographer Paul Brierley 

Front cover introduces the article 
on video discs in this issue and 
shows colour patterns produced 
by light interference effects on the 
surface of a Philips VLP video 
disc. 

IN OUR NEXT ISSUE 

The inventors. An exa- 
mination of the difficulties 
of inventors in the elec- 
tronics field in getting their 
ideas accepted by the 
Establishment - some 
revealing interviews. 

Accurate digital clock. 
First part of a design for a 

self- setting clock con- 
trolled by radio using the 
time -of -day code transmit- 
ted by MSF, Rugby. 

Linear characteristics. 
First article of a tutorial 
series on linear and non- 
linear characteristics and 
load lines in electronic 
circuits. 

SIXTY -SIXTH YEAR 
OF PUBLICATION 

ibpa 
Bus+vx 

ABC 
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Vocal maiterof Ceremonief 

There are precious few ceremonies, functions, meetings or entertainment 
events that Shure Vocal Master Sound Systems can't cover - regardless of 
room size or apparent acoustic difficulties. The Vocal Master is designed to 
project the voice with intelligibility and authority to the rear of large areas 
without overwhelming the listeners up front. It's versatile, easy to operate, 
and totally reliable. It's the system that earned its reputation for superb 
sound amplification by meeting the standards of professional entertainers - 
and is now used in hotels, churches, schools, executive meeting rooms and 
entertainment facilities from Land's End to John O'Groats in preference to 
built -in "custom" systems costing many times more. 
Shure Electronics Limited 
Eccleston Road, Maidstone ME15 6AU 
Telephone: Maidstone (0622) 59881 

WW -062 FOR FURTHER DETAILS 
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wireless 
world 
Alien audio 
We were recently talking to a man who takes published designs for audio 
equipment (among other things), collects the components together and, after 
attending to the mechanical design of the instrument, sells kits of parts. The 
finished appearance of the equipment was mentioned and he was of the opinion 
that an extra few decibels of s/n ratio or another order of magnitude less on the 
t.h.d. figure were as nought compared with a multitude of "facilities" and a 

satin -finished front panel. Not that his kits reflect this point of view - they are 
extremely well done - but he is beginning to think in terms of a spurious 
"technical" appearance, quite apart from high quality, to sell his products. The 
conversation made us think about the imbalance in the hi -fi shops in favour of 
foreign equipment and why it exists. 

There are at least two main reasons for this imbalance. The first is advertising: 
in a recent check in one of the high -fidelity magazines we counted 30 pages 
(full -page, single -name ads) for foreign, mainly Japanese equipment, against 12 

similar pages for British products. And that didn't include the discount 
companies who handle a very high proportion of foreign equipment. It is also 
evident that the use of English- sounding names for many of these foreign 
products is widespread. Secondly, the appearance of most foreign equipment is 

designed to project a "scientific" look, often with superfluous controls and 
indicators. The performance of these products is good, but is not better than that 
of home -grown equipment, whose appearance is less deliberately contrived. 
However, if the "mission- control" category of product is what the average 
person likes and therefore buys, why not let him have it? It could pay British 
designers to take more notice of the preferences of their customers. Or perhaps a 

foreign name might help! 
British sound reproduction equipment has always been in the lead for sheer 

...high quality and it seems stupid to let foreign companies take over the market by 
means of high -pressure saturation advertising through their distributors. 
Loudspeakers and electronics made in Britain have no peers anywhere, except 
perhaps in presentation, and that shouldn't present too much of a problem to a 
competent industrial designer who is prepared to cater for the demonstrated 
taste of the equipment- buying public. 
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Video discs? 
"Without doubt the video disc is not the end of the story" 

The quotation is how we ended our June 
1975 view of the video disc scene. That 
view made the point that everyone 
seems to have taken for granted the use 
of the domestic television receiver for 
display of video records. It is of course 
the existence of a huge number of tv 
sets that prompts industrial and corn 
merciai concerns to think in terms of 
selling a home video unit to set owners. 
The return on investment could no 
doubt be enormous if things turn out 
right for them. But it does bring into 
focus the question of whether the 
currently- promoted video disc systems 
are the best way to achieve this end; not 
to mention the more fundamental 
question of priority about whose needs 
are to be met in the first place. 

If an attraction for the electronics 
giants is the sheer volume of produc- 
tion, can it be achieved with the 
precision mechanisms, by domestic 
standards, that so far appear to be 
needed? Video players are not like other 
domestic products of the electronics 
industry, many of which can almost be 
thrown together and sold in millions at 
rock -bottom prices. Not yet anyway. 
They are precision machines, made 
from close -tolerance and hence costly 
components, And clearly fall into a 
different category from the low pro- 
duction -cost things we see around the 
home. Cost reduction by quantity 
production has its limits for such 
instruments and unless price can be 
reduced to amounts within the pocket 
of the ordinary citizen where is the 
one -video- player -per -family market? 
Teldec are not finding it easy to sell TeD 
players at DM 1500. 

It is doubtful that the tv -type display 
will be optimum for many applications. 
All manner of new display devices are 
currently being dreamed up, and it 
seems unlikely that the television 
line -by -line scanning system would be 
optimum to these. (If scanning is at all 
appropriate, a variable scanning rate, 
depending on changes in information 
density, may offer advantages.) To- 
gether with developments in the newer 
kinds of storage methods - for example 
photochromic, photoplastic and ther- 
moplastic materials, possibly linked 
with holography - and possibilities for 
spatial information processing, it would 
seem unwise to limit the options now. 

So we hope engineers will take a 
broad view of the possibilities for video 
records. The commercial pressures will 
be there, but let's continue to question 
our priorities and ask whether we need 
video disc players in our homes so soon. 
The present situation co,uld easily 
produce a "bandwagon" effect - a 
tendency for the pace to quicken for 
fear of either being left behind in the 
market place or of writing off large R & 
D investments. Let's take our time and 
get it right, for everybody's sake. 

If we had rushed into a standardized 
format at the outset for surround -sound 
records, for instance, we might conceiv- 
ably, commercial interests aside, have 
got the best of the available systems at 
the time. As it became clear only a short 
time later, the initial attempts at 
providing surround -sound codings fell 
short of what was optimum - that is, of 
making the best use of channel capacity 
to portray sound direction. 

THERE ARE SIGNS of consolidation 
among those who were first in the 
(optical) field. Following the collabora- 
tion of Philips and MCA it now seems 
that if Zenith opt for an optical system it 
will be based on the same broad 
specifications i.e. 1800 rev /min (NTSC) 
to give one tv frame per disc revolution 
and allowing "stop action ", spiral track 
with direct NTSC coding by frequency 
modulation, two sound channels with 
subcarriers at 2.3 and 2.8MHz, and 8 or 
12in reflective discs, either 1mm rigid or 
0.2mm flexible. (See WW 1973, pages 
541 -3 for details of European version.) 

Thomson -CSF, who with Zenith have 
developed aerodynamic stabilization of 
discs, have put in some effort to reduce 
player cost. This stabilization means 
that a focusing servo mechanism can 
be eliminated. In addition, the method 
used to correct radial tracking error 
doesn't require a separate motorized 
mirror; the error signal is derived 
instead from the photodetector array. 

Bosch have developed a system along 
similar lines to these optical systems 
(WWAugust 1975, pages 364 -5); with its 
higher resolution - the disc spins at 
3000 rev /min - application is in the 
professional television and archival 
areas. RCA too have a synchronous 
optical disc for picture storage though 
this, like the Ampex magnetic ESS 

(electronic still store) and the Sony 
magnetic card, is for broadcast use. 

By adopting a mechanical guidance 
method for the pickup, RCA avoid the 
need for servo tracking in their Selecta- 
vision system. But more significant in 
terms of cost saving is the use of a 
capacitance pickup from a metallic 
electrode deposited on the stylus. RCA 
claim the stylus is easy and inexpensive 
to fabricate compared to other pickups, 
and that it is capable of resolving signal 
elements smaller than the wavelength 
of visible light, permitting high density 
recording with an electron beam. 

A further point of difference is the 
choice of speed, 450 rev /min. According 
to RCA, effects of vibration due to 
unbalance of rotating parts are reduced 
compared to a rotational speed of 1500 
or 1800 rev /min. Errors in signal timing 
that result from warp or eccentricities 
of the disc occur at a lower frequency, 
making it easier for the synchronizing 
circuits of the television receiver to 
follow. More important, a simple and 
inexpensive transducer can be used to 
reduce time -base errors, permitting 
playback into receivers with relatively 
slow horizontal sync circuits without 
requiring circuit modification. This 
consists of a small moving coil element 
which drives the stylus arm back and 
forth along its long dimension, parallel 
to the record groove. If the record runs 
too slowly, the stylus is pulled toward 
the transducer to increase the relative 
speed, and if the record runs too fast, 
the stylus is pushed away from the 
transducer to reduce the relative speed. 
Error signals are dérived from the 
colour burst frequency as the record is 
played. 

Luminance, chrominance and audio 
signals are encoded on carriers and 
recorded on the disc as variations in the 
width or spacing of slots in the bottom 
of the grooves on a master disc. Colour 
information is encoded to give spectrum 
peaks at odd multiples of half line 
frequency to conserve bandwidth. 

The master recording is made with an 
electron beam to record the signal slots 
in a material similar to photo- resist, but 
optimized for sensitivity to electron 
beam exposure. Replication is similar to 
conventional processes. After discs are 
pressed, they are coated with three 
40nm layers. First, a conductive metallic 
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In the digital video record system, the 
5X 7M record is stationary and the 
scanner moves. A distributing prism 
acts to switch the beam from the end of 
one track to the start of the next. 

coating is applied which serves as one 
electrode of a capacitor. Then an 
insulating coating is applied to act as 
the dielectric, and finally a thin layer of 
oil is added as a lubricant to prolong the 
He of the disc and stylus. The tip of the 
sapphire stylus is triangular in shape, 
and a metal electrode is deposited on 
the back surface. Signals are recovered 
by detecting the variations in electrical 
capacitance between the tip of the 
electrode on the stylus and the metal 
coating on the disc as the stylus passes 
over the slots in the bottom of the 
groove. Apart from the stylus, RCA say 
the components are conventional and 
have been used for years in consumer 
products. 

Whilst this electrostatic system may 
be able to provide low -cost players, the 
film -based systems claim the advantage 
of potentially low -cost duplication. The 
I/O Metrics system is f.m. and based on 
synchronous disc speeds, whereas the 
DRC system, see below, is digital with 
non- circular records. Full details of the 
French SEPO technique aren't availa- 
ble, but in 1974 they quoted a disc 
production cost of one franc! 

Perhaps replication cost of the MDR 
magnetic disc is being quietly forgotten, 
as the system lends itself to home 
recording. MDR say they will market 
this year at DM2000. It started with the 
aim of low -speed recording and replay 
to allow the use of ordinary turntables, 
but a speed of 156 rev /min has had to be 
accepted. We do not know how much of 
a problem disc -head contact is going to 
be. 

High- density 
optical system is 
digital 
It is perhaps surprising that of all the 
video disc systems announced not one 
has been truly digital. Most .ark 
analogue systems relying on frequency 
modulation of a carrier. Recently, we 
learned of a video record system that 
uses, in effect, photographic plates 
digitally encoded. Developed originally 
by a division of the Battelle Memorial 
Institute, work on the system is now 
sponsored by the Digital Recording 
Corporation of Scarborough, New 
York, whose president recently told 
Wireless World of the system. 

Applications for the digital technique 
are seen in wide variety of situations. 
In information storage and retrieval, 
costs are expected to be lower than any 
other storage technique and much 
lower than any other system with 
automatic access. In this application, 
four possible information handling 
schemes can be adopted depending on 
the nature of the material to be stored. 
For continuous tones the material 
would be scanned with an 800 -line 
resolution system to digitize the image. 
The digitized data can then be stored by 
differential binary coding, giving a 
linear reduction of 150 times. A two - 
level (black or white) image e.g. line 
drawings or text can be stored with a 
linear reduction of 270 times or, by 
storing changes only, 460 times. Com- 
puter coding could allow a reduction of 
1700 times. On this basis, a reduction of 
storage area can be about three million 
times, compared with 400 times for 
conventional microfilm or microfiche 
techniques. In an archival system, a 
storage unit of 1000 plastic 4 x 5in 
records is envisaged with an access time 
of five seconds or so (milliseconds on 
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the same record). Between 5 and 600 
million frames could be stored in the 
space of a four -drawer file, depending 
on storage mode. Storage size could be 
increased by a factor of ten if speed can 
be sacrificed. 

As a device for playback on home TV 
receivers, a unit could cost $150 to 
produce. It could make use of 5 X Tin 

records loaded singly or automatically 
from a stack. The storage medium 
could equally well be a film cassette, 
automatically wound -on. And accord- 
ing to the company a playback unit can 
be modified to provide a hortle record- 
ing unit, the optics and mechanics 
being the same. Replication cost is said 
to be low and a. production cost of 
"much less than 25 cents" has been 
mentioned. 

As with other video storage tech- 
niques, it would lend itself to audio 
records. Use of a digital technique 
allows a greater dynamic range, 
elimination of various distortions, an 
unwearable and more compact record. 
An audio player, possibly small enough 
to fit into a car, could store 30 to 60 

minutes of surround sound on a 3 x 3in 
record. There could also be applications 
in the professional or studio television 
area, especially for advertising spots. 
Variable delay can be provided for 
monitoring and editing, and loss -free 
stop and start, stop- action, frame 
indexing and computer -controlled 
editing are a few of the more obvious 
facilities. Freedom of jitter and of 
errors in colour, together with high 
signal -to -noise ratio come with the 
digital format. 

Although the patents held by DRC 
cover a wide compass of configura- 
tions, one type is described,to illustrate 
the approach. Information on the 
records is in the form of spots and 
spaces distributed along a curved path 
on a photosensitive glass plate. In 
recording such a plate, the data are 
scanned in serial order on to the plate 
by a rotating scanning head with 
several scanning apertures around its 
perimeter (see diagram). An optical 
distributing prism placed on -axis 
switches the light beam so that when a 
scanning aperture reaches the end of a 
track, the light beam is cut off and 
reinstated at the start of the next track. 
Thus the track pattern is a series of 
arcs, rather than the popularly used 
spiral. To produce sequential tracks, 
the scanning components are translat- 
ed in the direction of the arrow. The 
fixed -plate approach is claimed to 
result in a simpler and less expensive 
mechanism. 

In playback, the light beam is 
reflected from the dark '1' spots, but not 
from the clear '0' bits. Because the 
same machine would not generally be 
used for both recording and playback a 
tracking servo (not operative on 
recording) is provided to deflect the 
beam slightly as required. This feature, 

Continued on page 36 
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Schmitt trigger design with 
op -amps 
Graphical technique eases design procedure 

by R. D. Tuthill 

The common form of a Schmitt trigger 
design using discrete components 
as shown in Fig. 1 has several disad- 
vantages. If V;,, is OV, transistor Tr, 
is switched off and Tr2 will therefore 
be switched on. It can be seen that V , 
has a minimum voltage level, set by the 
ratio of R5 and Rs,values, which is the 
first disadvantage. If the potential of V;,, 

is raised, Try will start to conduct and 
the potential at the collector will fall. 
This starts to switch off Tr2 which 
causes the voltages across R6 to fall and 
Tr, to switch on. Although the change 
of state is now complete, there is now a 
current flowing into the base of Try 
which changes the input impedance of 
the circuit. This is also a disadvantage. 
The basic Schmitt trigger in Fig. 1 is a 
non -inverting type, and this can also be 
a disadvantage. 

Using integrated circuit op -amps 
these disadvantages can easily be 
overcome. From Fig. 2(a) and (b) the 
only apparent difference between 
inverting and non -inverting configura- 
tions is the reversal of functions at the 
two inputs. However, for the same 
specified input and output conditions, 
different values of R,, Rf and reference 
potential are required. Note that when 
using op -amps, switching always 
occurs when there is virtually no 
potential difference between the two 
inputs. Secondly, because the input 
impedance of an op -amp is high, 
virtually all of the current in the 
feedback resistor also flows through the 
input resistor. Therefore, the potential 
at the amplifier input can be calculated 
by knowing the voltage applied to R;, 
the output voltage, the values of R, and 
Rf or just their ratio. 

The design procedure relies on the 
last -mentioned point. In the non -in- 
verting configuration Val is the upper 
input voltage limit, VIL the lower limit, 
VOH the positive output voltage, VOL the 
negative output and VR the reference 
voltage. When the voltage ranges have 
been selected, a suitable voltage scale as 
shown in Fig. 3, can be chosen. A 
vertical line is drawn through Q and 
using the same scale as that on the 
left -hand side, VOH and VOL are marked. 
Por the example shown Vol./ is + 10V, 

Fig. 1. Common form of non -inverting 
Schmitt trigger. 

VOL -10V, VII./ 8V, and Vi, -1V. This gives 
hysteresis of VIH -VIL which is 
8- (- 1) =9V. At the left -hand end of 
the OV line, point P is chosen and a 
vertical line through P is marked with 
VIH and VIL, again using the same 
voltage scale. Referring now to Fig. 

Fig. 2. (a) Non -inverting and (b) 
inverting Schmitt trigger both using a 
single op -amp. 

2(a), the inverting input of the op -amp is 
connected to the reference voltage. 
Note that the non -inverting input must 
also be at potential VR for switching to 
occur. This potential is not yet known 
but a line from VH to VOL, the conditions 
which exist just prior to switching, can 
be drawn. If the length of this line 
represents the impedance R,+ Rf, then, 
by knowing their ratios or values, the 
value of RR can be found. Unfortunately 
neither of these are known but a second 
set of conditions is, and this may have 
the same reasoning applied to it, i.e. just 
prior to the output switching from VoH 
to VOL the voltage at the non -inverting 
input is also VR. Therefore, a line from 
VOH to VIL can be drawn. The intersec- 
tion of the two lines gives the value of 
VR when scaled vertically from the OV 

line. 
The ratio Rf:R, can be found as well as 

the value of R, if a suitable value for Rf 
already exists. Using the scale of 
resistance, Rf is marked on the horizon- 
tal axis, in this case 100kS1, and a line is 
constructed from this point through R 
to interset the vertical line at point X. 
Using X as a starting point a second line 
is constructed through W to finish at Z. 
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RESISTANCE (Ii) 

On the same resistance scale the 
distance V -Z gives the value of R.. 

If necessary a resistance scale in the 
horizontal axis can be used to begin 
with. In this case, values for R, and Rf 
are marked off as point P and Q 
accordingly, and the distance from Q to 
the line vertically dropped from R is . 
measured to obtain Rf, and from this 
point to P for R;. The only disadvantage 
of this method is that there may be two 
awkward values of resistance rather 
than one. 

This covers the graphical technique. 
For the trigonometrically minded it can 
be proved that k /l= n/m and from this a 
mathematical formulae can be deduced. 
The vertical component of k is VIH -VR, l 

is VOL +VR (where VOL is negative), n is 
VIL + VR (where VIL is negative), and m is 
VOH -VR 
Therefore: 

k 
= becomes 

VIH -VR = VR 

-VOL + VR V OH-V R 

. 

Solving for VR gives 

_ VIL VOL -VIH . VOH 
rt, VR 

rlIL +VOL)- (VIH VOH) 

It is also true that k /1= 

/R. 

/Rf, therefore 

(' 
pp " k IH -VR) 
Y -R¡ I -Rf(- VOL +VR) 

Once Rf has been selected it is a simple 
matter to evaluate R, 

For the' inverting configuration more 
care has to be taken in positioning point 
P because the lines of construction may 
be well to the left of this point. From Fig. 
2(b) the voltage on the non -inverting 
input of the op -amp changes every time 
the output changes state. However, the 
inverting and non- inverting inputs 

Fig. 3. Graphical method for 
calculating R, in the non -inverting 
Schmitt trigger mode. 

Fig. 4. Graphical method for 
calculating R. in the inverting Schmitt 
trigger mode. 

must be virtually at the same potential 
for a change in output voltage to occur. 

A line can be constructed from VOH to 
VIH with its length representing only the 
potential across Rf, and not Rf + R. as in 
the non -inverting case. A similar state 
exists for VOL and VIL. The intersection 
produces a point from which the ratio 
Rf:R; can be obtained. Also, the value of 
VR is, as before, the vertical separation 
of point R from the OV line. Resistors R1 
and R, can also be marked off as before. 
From Fig. 4 it can be trigonometrically 
proved that k /I =n /m, therefore 
k /k+ 1= n /n +m and, from deduction 

VIH -VR - VIL +VR 
VOH -VR -VOL - VR 

Solving for VR gives 

VR 
VIH VOL - VIL VOH 

(VIH + VOL) -(VIL + VOH) 

Also k /1= R; /Rf, therefore 

R (VIH -VR) 
(VOH -VIH) 

Once Rf has been selected it is again a 

simple matter to evaluate R1. 

Linsley Hood 
cassette deck 

The final part of this article, 
containing details of the motor - 
control circuit, will be published in 
the next issue. Readers who have 
used Garrard mechanisms will find 
that the motor -control unit is 
supplied but we will provide the 
information for the convenience of 
readers who have obtained the 
Goldring CRV mechanism. 
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Circuit 
Ideas 

P.c.b. ammeter 
This circuit allows measurement of 
current in a single printed circuit 
conductor, without the necessity of 
breaking the track. The device uses a 
probe of four wires and when all the 
wires are in contact with a conductor a 
p.d. appears at the input of a differential 
amplifier. The two outer wires carry a 
current of opposite polarity via an 
ammeter. Because there is a negative 
feedback loop in the conductor, the 
differential amplifier input voltage will 
return to zero when the outgoing 
current is equal to that of the unknown 
current, the former being read from the 
ammeter. The differential amplifier 
offset voltage must be maintained to as 
near zero as the twenty -turn preset 
potentiometer will permit. An advan- 
tage would be to use a 725C instead of 

the 741 which was chosen for the merit 
of low cost. 

The l.e.d. shown in the circuit has a 
twofold use. Firstly, when there is an 
offset voltage at the input, on shorting 
all four wires of the probe on a dead 
conductor, it will light or, alternatively, 
the ammeter will show a reading. 
Secondly, when the probe input is 
reversed the l.e.d. will again light. 
Diodes D1_2 and D3-6 provide protection 
to the circuit which may be floated from 
voltage to voltage when in use. Finally, 
the d.c. converter enables the circuit to 
use a single battery. 
F. Andrews, 
Southampton College of Technology. 
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Simple sine -wave 
oscillator 
This circuit provides a simple a.f. 
sine -wave oscillator by using a 
unijunction transistor as a negative 
resistance in a RLC circuit. The poten- 
tial divider R2 sets the peak point of the 
emitter and should be adjusted for 
maximum output consistent with a 
good sine wave. The output is about 
200mV and the circuit operates from 
1kHz to 50kHz by using suitable values 
of L and C. 
R. P. Hart, 
Hadlow, 
Kent. 

+15V 

0'v 
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Electrostatic headphone 
amplifier 
This circuit has been used successfully 
with a pair of headphones based on the 
W.W. design Dec. 1968. The amplifier 
can be driven from the headphone 
output of most power amplifiers. Po- 
tentiometers R5 and R6 are used to set V1 

and V2 at half the supply voltage. 

input 2» 100 

c i ' 

2µ 

o 
+15V 

T 

R5 
100k 

27k 

330k 

470k 

Resistor R1 is required to compensate 
for the small signal resistance of a diode 
in the non -inverting input of ICib. If 
headphones of greater capacitance than 
150pF are used it is necessary to reduce 
R2 and R3 to maintain the power 
bandwidth. It may then be necessary to 
heat sink the power transistors. The 
+ 15V bias supply for ICI, and ICib must 
be well filtered. The amplifier has a 

p 1ttp Hf 

o 
+15V 

R2 
68k 
1W 

2N5657 

10M 

1U M 

R3 
68k 
1W 

15n 
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small signal frequency response of 
( -3dB) 10Hz to 40kHz, a power band- 
width of 10Hz to 15kHz, and a total 
harmonic distortion at 1kHz (almost 
entirely second harmonic) of 0.1% at 
50V pk -pk and 1.0% at 300V pk -pk 
output. 
N. Pollock, 
Sandringham, 
Australia. 

o +350V 

0M 

2N `_:b`' 

10M 

ICI LM3900N 

emitter 

J- 
collector 

base 

2N5657 

Short -circuit protector 
The short- circuit protector shown is 
fast and cheap. The transistor is biased 
to saturation and the collector- emitter 
voltage is therefore less than a volt. If a 
short- circuit occurs, the collector is 
pulled along the constant current line of 
its output characteristic corresponding 
to the "base bias current IB. The 
short- circuit current is therefore res- 
tricted to some value say Imax. Suppose 
that a maximum load current of 'max is 
to be made available from a supply of Vs, 

and the transistor has a current gain of 
hFE, then the base resistor is calculated 
as follows. As IB = lmax / hFE , and 
because VBE is small, RBA Vs /IB. There- 
fore RBVShFE /Imax. If the precise cur- 
rent gain of the transistor is not known, 
or if a variable 'max is necessary, RB may 

be made partly variable and adjusted on 
test. For a + 15V supply from which at 
least 100mA may be drawn, suitable 
components for the short circuit pro- 
tector would be a silicon p -n -p transis- 
tor with hFE 100 (e.g. BC327) and a base 
resistor of 12kOE The output voltage will 
then be 14.5V and the value which I. 
reaches will exceed 100mA. 

Under normal operation very little 
power is dissipated in the protection 
transistor. Under a short- circuited load 
condition the power developed is Vslmax 

watts. For negative supplies a n -p -n 
transistor may be used in the same 
configuration. 

M. C. Hately, 
Robert Gordon's Institute of 
Technology, 
Aberdeen. 

+ Vs 
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variable load 
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Thermistor controlled 
thermostat 
Essentially the circuit is a bridge formed 
by the thermistor, R,, R4, R5 and R6 with 
an amplifier for sensing the unbalance. 
The circuit switches a relay on when the 
temperature is below a chosen level, R2 

and by altering R, the operating tem- 
perature can be changed. If the opposite 
function is required the positions of the 
thermistor and R, are reversed. The 
sensing circuit uses a CA3046 which 
supplies two matched pairs of transis- 
tors in addition to the output transistor. 
Tr, and TrZ act as a voltage comparator, 
the tail current being provided by the 
current mirror Tr3 and Tr4. The base R, 
voltage of TrZ can be adjusted using R5 4k7 

which allows the switching tempera- 
ture to be set precisely. Positive feed- 
back via R7 prevents chatter when the 
switching point is reached. If the 
thermistor is separate from the ampli- 
fier, a 0.1µF capacitor should be 
connected across R, to minimize pick- 
up effects. 
D. E. O'N. Waddington, 
St. Albans, 
Herts. 
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Video discs (continued from page 31) 

common to most analogue optical disc 
systems, allows some tolerance on 
record positioning and on hole align- 
ment in the scanning disc. 

An interesting point concerns the 
limiting spot size. According to classi- 
cal diffraction theory the focused spot 
produced by a lens passing monochro- 
matic light shows an intensity distri- 
bution in which the bright central area 
contains 84% of incident energy. The 
diameter of the first dark ring sur- 
rounding this area determines, at first 
sight, the maximum achievable bit 
density. But in practice, the spot size on 
a photographic emulsion will be 
smaller due to the gamma effect of the 
emulsion. (Gamma is the maximum 
slope of the log of exposure versus 
density.) The intensity distribution of 
the diffraction pattern is not 
"mirrored" by the photographic density 
distribution, and the slope of the 
central peak in the diffraction pattern 
is sharpened on the emulsion - in 
effect a sharpening of the spot size, 
allowing greater spot density. Spot 
sizes of 1µm are produced on silver 
halide emulsions at 633nm wavelength 
and a focal length -to- aperture ratio of 
two, allowing a bit density of 108 

bit /cm. 
Because of possible variations in 

emulsion depth and position depth of 
focus must be adequate. A technique 
that avoids the expense of servo -con- 
trolled focusing is to blank off the 
central portion of the lens, in playback if 

not in recording. This -has the effect of 
increasing the depth of focus, but at the 
expense of more energy appearing in 
the secondary rings of the diffraction 
pattern. This is not very important in 
playback because of the way the 
detector electronics respond to sharp 
modulation represented by the central 
spot. Depth can be increased from 20 to 
40µm by occulting three -quarters of the 
lens. (Actually, DRC say 10µm is 
adequate for rigid records in commer- 
cial form.) 

For flexible records an holographic 
lens - made by replacing the lens by a 
transmission hologram after exposure 
by sending monochromatic light back- 
wards through the system which can 
compensate for errors in the optical 
system - could yield up to 120µm depth. 

An advantage of a digital method is 
that emulsion noise is much less 
noticeable than in an analogue method 
- only extreme fluctuations of grain 
density and size would show. In certain 
applications, error -correcting codes 
could be built into the system. 

In demonstration apparatus, differ- 
ential encoding has been used to 
remove some of the redundancy in 
normal tv pictures. Each picture ele- 
ment is recorded as a four -bit word, 
three bits for luminance and one bit fol. 
colour. Instruction codes are recorded 
instead of the usual blanking signals so 
that audio signals can be digitized and 
time multiplexed into the horizontal 
blanking periods. 

Square -wave generator 
with single frequency - 
adjustment resistor 

When the circuit shown is switched on 
C is uncharged and Tr, is non- conduct- 
ing. Transistor TrZ is therefore fully on 
and its emitter is at a potential near V 
Capacitor C therefore charges until Tr, 
begins to conduct which causes Tr2 to 
rapidly cut -off, by regenerative action. 
The emitter of TrZ falls to a level deter- 
mined by the ratio of R, to R3, and C 
discharges through R4 until Tr, cuts -off 
and the cycle repeats. 

The transition times of the circuit are 
rapid and it will work with small- signal 
silicon transistors up to at least 0.5MHz, 
and down to a frequency determined by 
CR . The output is almost an equal 
mark -to -space ratio over a wide fre- 
quency range, though this can be 
trimmed if required by the ratio of R2 to 
R3, or by a small resistor in Tr, base. 
J. L. Linsley Hood, 
Taunton. 
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IRCAM 
Electronics at the Paris Institute for Research 
and Coordination in Acoustics and Music 

Under construction, just off the boule- 
vard de Sebastopol in the heart of Paris 
is the new Centre Beaubourg research 
institute which is to form part of a 
major contemporary art centre. The 
Centre Georges Pompidou will house a 
museum of modern art, a centre for 
industrial design and an extensive 
public library in which space will be 
reserved for displays on current events 
and for the operation of audiovisual 
facilities. The centre, to be officially 
opened in April 1977, will also include a 
fourth department, IRCAM - Institut 
de Recherche et Coordination 
Acoustique /Musique, built under- 
ground next to the Centre Beaubourg. 

IRCAM is to provide research faci- 
lities for developing future aspects of 
music. To do this the aid of digital 
electronics has been enlisted as an 
important tool in the processing of real 
time electronic sound reproduction. At 
the heart of the technical facilities will 
be a Computer Automation PDP10 with 
its associated 24k bit core store and a 
peripheral number of interlinked visual 
display units and input /output 
keyboards. Nothing out of the ordinary 
to those already involved in the use of 
computer facilities, but the application 
is unique and likely to cause initial 
scepticism. Computers for making 
music? What then will happen to the 
composer and instrumentalist and the 
essence of human expression? In the 
words of Pierre Boulez, Director of the 
research programme "The musician 
must assimilate a certain scientific 
knowledge, making it an integral part of 
his creative imagination. As to the 
scientist, we are of course not asking 
him to compose, but to conceive with 
precision what the composer, or instru- 
mentalist, expects of him, to understand 
the direction contemporary music has 
taken, and to orient his imagination 
along these lines. At educational 
meetings, scientists and musicians will 
become familiar . with one another's 
point of view and approach. In this way 
we hope to forge a kind of common 
language that scarcely exists at present, 
while traning a staff who will be 
basically oriented towards musical 
creation." 

Computer aided design 
It has become clear that with the 
appearance of synthesized sound, tra- 

ditional instruments no longer deter- 
mine the limits of perception and 
comprehension of music. The aim of the 
research at IRCAM is to determine in 
which direction these limits should be 
pushed in widening the available scope 
for composition and performance. A 
computer programme, Musik V, has 
been developed over the last few years 
to assist these aims. Its initial 
application is in the examination of the 
waveforms produced by musical instru- 
ments in order to determine the para- 
meters relevant to their accepted per- 
ception. This is not as simple as it 
sounds. For instance, a waveform of say 
a trumpet can be reproduced easily 
enough, but it was found that the result 
still did not sound like a trumpet. 
Further investigation showed the rea- 
son to be that the decay of harmonics 
was dependent on their frequency. 
In other words harmonics of high fre- 
quency decayed at a different rate to 
those of lower frequency. 

Using computer facilities to analyse 
results such as this should be applicable 
to the development of new instruments. 
For instance a composer could stipu- 
late the range and timbre of the sound 
he requires by simulating them on the 
computer, analyzing their component 
parts and developing an individual 
instrument that can produce them. 
Another application is in 'bending' the 
sound of a standard instrument so that 
its range of timbre can be increased or 
completely altered. It was demonstrated 
at the centre how the waveform from a 
violin could be fed to a computer which 
gradually reshaped the signal to that 
produced by a trumpet, the startling 
result being a sound emanating from 
the same instrument which gradually 
changed from one type of known 
instrument timbre to that of another. 

Such flexibility provided by the 
computer can be coupled in the IRCAM 
centre with its 'Espace de Projection'. 
This area of the underground building 
will be used for transmitting any sound 
produced in the studios, for acoustic 
measurements and also for direct 
participation of concert audiences in 
sound experiments. The acoustics of the 
Espace de Projection will be mechani- 
cally variable so that reverberation time 
will depend on the position of moveable 
absorption elements in the walls and 
ceiling. Also it will be possible to lower 

and raise the ceiling and a system of 
curtains across the area will provide 
even more flexibility of the acoustic 
environment. Other facilities in the 
building will include two acoustically 
isolated studios with 'ideal' reverberant 
conditions and a department for the 
study of psychoacoustic effects. Finally, 
it will be the job of the 'Diagonal 
'department' (le departement Diagonal) 
to coordinate the different branches of 
research and instigate the transplanting 
of techniques from one department to 
another. It will also undertake research 
work on the transmission, projection 
and perception of sound as well as on 
pure acoustics, music theory and their 
relationships with other disciplines. 

Common effort 
Two aspects of the centre which it 
was surprising to find were not being 
considered in depth were the use of 
video in composition and the use of a 
computerised system for multichannel 
sound recording. Lack of video applica- 
tions was surprising as there is a lot of 
interest in its use by many contempor- 
ary artists in both the fields of music 
and the visual arts. More importantly 
however it was felt that recording 
techniques are as complex in their 
execution as the basic research of the 
institute already mentioned. If results of 
the work produced from IRCAM in 
years to come are to be communicated 
to as wide a public as possible then it 
would be a pity if the subtleties of 
compositions using new acoustic effects 
were lost because recording equipment 
was not developed to an equivalent 
degree of flexibility ... "Contemporary 
music has at the moment less need of 
individual souls and their vagaries than 
of common effort to explore its own 
innermost nature, to explore sound 
itself, both with instruments and artifi- 
cially, in order to unlock new sonorous 
possibilities for composition, to explore 
musical perception, in order to under- 
stand why some tools function better 
than others, to explore relationships 
between music, performance and 
listeners. This adventure will take place 
in many ways: through the severity of 
scientific analysis, through experimen- 
tal testing of hypotheses, through all 
manner of public presentation, and 
through composition itself" - nerald 
Bennett. WEA 
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F.m. adaptor for a.p.t. tape 
recording 
P.1.l. design overcomes replay amplitude variations 

by J. B. Tuke 

Many earth stations receiving automa- 
tic picture transmissions from satellites 
use a tape recorder as an intermediate 
link between the radio receiver and 
picture printing equipment. This system 
has advantages because some picture 
printers need to be operated in complete 
or semi -darkness, and many aerial 
systems are manually tracked which 
requires the operator's full attention 
during satellite transit. 

The 2400Hz amplitude -modulated 
signal which carries the picture infor- 
mation can be recorded and reproduced 
on a domestic type of tape recorder, 
preferably running at 7h in /s. However, 
the picture produced on replay shows 
dark horizontal streaks, caused by 
fluctuations in the replayed signal level. 
These variations of about a decibel are 
in the most critical part of the picture 
level, where minute changes of inten- 
tisy produce appreciable changes in the 
shades of grey. If infra -red data is being 
displayed using the intensification 
process, deterioration can become 
severe. 

To overcome the amplitude varia- 
tions a frequency modulated signal can 

Fig. 1. (a) Block diagram of phase locked 
loop, (b) signal path for the modulating 
mode, (c) connections for the 
demodulating mode. 

be used. This technique is well known 
and the Signetics NE565 phase -locked 
loop i.c. is used, as shown in Fig. 1(a). 
The v.c.o. frequency -determining com- 
ponents are chosen to produce the 
required carrier frequency, and the 
modulation is applied to pin 7. The v.c.o. 
output on pin 4 is then passed to the 
recorder as shown in Fig. 1(b). On 
replay, the f.m. signal from the tape 
recorder is fed to pin 2 of the i.c., which 
is connected in the conventional 
demodulator mode and the demodulat- 
ed output appears on pin 7, see Fig. 1(c). 

Choice of v.c.o. frequency is impor- 
tant. The upper frequency limit of the 
v.c.o. is set by the tape recorder and 
experiments have shown that a carrier 
frequency of 11kHz is quite satisfactory. 
Remember that the f.m. sidebands on 
both sides of the carrier must be 
reproduced. For this type of recording, 
using limited deviation and where 
fidelity of the replayed signal is not of 
primary importance, it is adequate to 
consider the required bandwidth as 
being twice the modulating frequency 
either side of the carrier. With an 11 kHz 
carrier and 2.4kHz modulation, the tape 
recorder should be able to deal with a 
frequency band between about 6 and 
16kHz. 

As replay is only concerned with an 
f.m. signal, this band does not have to be 
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replayed at the same level as long as 
there is sufficient signal from the tape 
recorder to lock the p.1.1. A carrier 
frequency which is an exact multiple of 
2400Hz should be avoided to prevent 
patterning on the finishéd picture. 

Measurements of input amplitude 
against output signal have shown an 
almost linear relationship within the 
dynamic range of the system. The signal 
to be recorded may have a value up to 
-3dBm. Higher values than this cause 
excessive carrier deviation and, loss of 
lock on replay. If the weakest signal 
(full black) is recorded at -30dBm, the 
worst signal -to -noise ratio is 15dB and 
the dynamic range is nearly 30dB which 
is ample for a.p.t. signals. 

When setting the record level 
remember that in NOAA spacecraft 
signals, peak -white occurs at the edges 
of the picture and not in the picture 
itself. Due to the global position of the 
U.K., picture content rarely exceeds 
80% of the peak value. Consequently the 
input must be adjusted so that signal 
peaks do not exceed -3 dBm otherwise 
the circuit will momentarily drop out of 
lock. Although this may not be part of 
the line scan carrying picture data, lock 
takes a few milliseconds to recover andi 
causes a large black streak. 

If the 2.4kHz signal were first rectified 
to produce the video (f111aX is 1.8kHz) and 

frequency 
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then applied to the NE565, the resultant 
f.m. signal would be of a simpler nature 
and a lower carrier frequency could be 
used. This system presents no problems 
in the record mode but when amplifica- 
tion is required on replay, the d.c. 
component would have to be preserved 
right through to the picture printing 
device. Infra -red NOAA pictures indi- 
cate temperature by the relative 
intensity of black and white. A typical 
read -out from near the north pole to 

Component list 

C7 100p$ 25V R1,2 7.5k 
2,3 100n 3,16 4.7k 
4,8 470n 4 10k 
5,6,7 47n 5 22k 
9 25µF 6V 6 3.3k 
10 1n 7 33k 
11 10n 8, 9, 10, 
12 50µF 25V 11,12, 1k 
13 200n 15 1k 
14 100n 13 6.8k 

14 68k 
17 20k 
18 2.2k 
19 10k 

Fig. 2. Practical circuit for modulator / 
demodulator using one p.l.l. and a 
d.p.d.t. switch. Tri provides an overall 
gain of OdB in the replay mode, and 
Tr2 isolates the v.c.o. output in the 
record mode. 

north Africa shows a steady darkening 
of the picture from north to south as the 
surface temperature increases. This 
may be referred to calibration charts for 
exact temperatures and therefore the 
d.c. levels must be maintained. This 
complication is removed by retaining 
the 2.4kHz portion of the signal. 

A practical circuit as in Fig. 2 consists 
of the NE565 together with two simple 
transistor amplifiers. In the record 
mode the v.c.o. output is isolated from 
the tape recorder by an emitter fol- 
lower. In the replay mode a transistor 
amplifier is used to produce an overall 
gain of OdB. A d.p.d.t. switch enables 
one i.c. to be used in both modes, 
although two devices can be used. 

The unit may be built on Vero -board 
and powered by an 18V regulated 
supply. Using this adapter, which can be 
built for around £10, pictures can be 
recorded which are almost indistingui- 
shable from the original. 

Correction 
The following apply to `Weather satellites 
ground station - 3' by G. R. Kennedy, 
January 1975: capacitors C77.79 and C57 
should be 1,800pF and R94 is a 5k52 ten -turn 
pot; in Fig.23, IC7 output is from pin 12, IC6 
should have pin 10 grounded; Tr27 should be 
2N4061, 2N3702 or similar; S4 is labelled in 
reverse; on page 25 for S and S read S5 and S6 
and in the appendix for Rya read R5, for C67 
read C68; in the parts list add 11'105- 39052, for 
REL65 read REC65 and C93 should be 1.511F. 
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Wireless across space 
2 - Proximity of communicating civilizations in the Milky Way 
by Tong B. Tang, M.Tech 

St John 's College Cambridge 

That communication with extraterri- 
torial intelligence (sometimes abbre- 
viated to CETI) is possible with today's 
radio technology was postulated in Part 
1. As further support of the thesis, we 
will now consider an order -of magni- 
tude calculation of the most probable 
distance separating a civilisation from 
its nearest neighbour, using today's 
knowledge and opinions. 

There are at least 1010 galaxies, some 
containing more and some less stars 
than the Milky Way, in the part of the 
universe so far observed. But for our 
present purpose we need only to 
consider our own galaxy, the Milky 
Way (Fig. 5); which from statistical star 
counts has some 1011 stars. (On the scale 
of galaxy diameters intergalactic dis- 
tances are two orders of magnitude 
higher.) After Drakes, the number of 
civilisations which have the capacity for 
interstellar communication can be 
analysed as 

N* = Rfpnf,f .fT 
Here R is the average rate of star 

formation. The age of the Milky Way is 
about 1.5 x 101° years, and thus the 
overall R will be seven stars per year. 
However, the actual R in earlier times 
must have been larger, and in later 
times smaller, while those stars formed 
in the earlier periods aré likely to be 
lacking in heavy chemical elements and 
should be excluded because in their 
absence advanced civilisations or per- 
haps even life itself cannot arise. In view 
of this, a reasonable value of R will be 
one star per year. 

fp is the fraction of stars possessing 
planets. For a long time it has been 
observed that stars whose temperatures 
are similar to or less than that of our sun 
'- and nine out of ten stars belong to this 
category - are usually rotating much 
less rapidly than the remaining stars; 
the observation is deduced from the 
much smaller amounts of the Doppler 
broadening in their spectral lines. The 
interpretation is that they have planets 
to which most of their rotational 
energies have been transferred. Furth- 
ermore, in particular, the motions of 
some nearby stars, "Bernard's Star" for 
instance, have been seen to "wobble," 
and this almost certainly shows that 
they have dark companions (planets) in 

orbit around them.26 The mechanism of 
planet formation is not yet well- estab- 
lished theoretically 27 but in all possibi- 
lities it is consistent with that of star 
formation, viz. the self -gravitational 
collapse of a nebula of gas and "dust" 
into a state where it is hot and dense 
enough for the start of nuclear reactions 
and the birth of the star. We shall be 
conservative by taking f a as 0.5. 

n is the mean number of planets in 
each planetary system which have 
environments suitable for life; or, in 
astrobiologists' jargon, which lie with 
in the ecosphere of the local sun. The 
most important factor here is whether 
the planet in question acquires by 
outgassing its crust an atmosphere 
which initially contains hydrogen 
but not oxygen (where complex 
molecules when formed will not be at 
once oxidised) and a hydrosphere of 
water. In our solar system Earth and 
Mars satisfy the conditions, and we 
shall use 2 as the value of n, by the 
"assumption of mediocity"l' (that what 
is true for us cannot be unique and is 
likely to be the average for the whole 
galaxy). 

fi is the percentage of these planets in 
which life does develop. It looks to us 
that the abiogenic (spontaneous) 
synthesis of probionts (self -replicating 
molecular assemblies) is, given the 
boundary conditions of a primitive 
hydrosphere containing hydrogen, 
methane and ammonia, forced by the 
laws of physics and chemistry and 
therefore a certainty. Given, in addition, 
sufficient time and an environment 
which is not entirely static, self- repro- 
ducing organisms are bound to appear 
later. (Incidentally, I mention the 
speculation that the properties of 
matter or even the physical laws 
change, until they are such that the 
appearance of life in the universe 
becomes inevitable. We should there- 
fore not be surprised that everything 
seems to just fit in, so that in particular 
we exist on earth, because when it is not 
so we do not exist to know. We are here, 
hence the world is being such that life 
can exist - the "anthropic principle "; 
and hence there is life "out there" as 
well - the assumption of mediocity.) It 
follows that f 1 is very nearly 1 and as a 

_close estimation is taken as 1. 

fh is the fraction of inhabited planets 
in the biospheres of which life advances 
to a high level, during the lifetime of the 
local sun. A high -level life form means 
one which will not become an evolution 
cul -de -sac. It is, I think, one which can 
form an internal analytical model of the 
external environment, and which relies 
mainly on this ability for the survival of 
its species (or, more exactly, its genes). 
On earth this occurred when the first 
truly erect walking species, 
Sinanthropus pekinensis, appeared; 
that was 1.5 million years ago, accord -, 
ing to the very recent fossil dating by R. 
E. F. Leakey. Ample artefacts have been 
uncovered to show that they were 
tool -using and relied more on manipu- 
lative skill than on structural 
adaptations of the body for species 
survival. We have, or at least think that 
we have, reasons to suppose that, given 
certain broad and fairly general initial 
conditions, the appearance of such 
species in due course is again a certain- 
ty. Of course, there are many hurdles to 
jump before its superiority over other 
species, many of which are splendidly 
adapted to specific environments so 
long as they do not change, becomes 
established (as is so for us, Homo 
sapiens). Some species (e.g., the Nean- 
derthal man) failed and went extinct. 
However, eventually one species would 
succeed. This is not so only if, for 
example, the planet is covered entirely 
by water, so that there is no land for life 
to invade from the sea and to develop 
stronger interactions with the environ- 
ment. From these considerations a 
guess of fh will be 0.5. 

fc is the fraction of planets populated 
by higher forms of life, on which 
civilisations develop to the stage of 
participating in interstellar communi- 
cation. That is, they change from 
" planetary" civilisations (civilisations 
whose activities and modes of thinking 
are restricted in their scopes to their 
own planets) to extra -planetary 
civilisations. This is precisely the thre- 
shold over which we are about to step, 
and it is difficult to imagine that we will 
somehow regress. My considered belief 
is that similar laws of technological and 
social evolution, apply in different 
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planets, except where the natural 
conditions differ fundamentally. Lower 
life forms can be very unalike on 
different planets or even on different 
regions of a planet, because of the 
multiplicity of planetary initial condi- 
tions and of evolutionary accidents. 
However, as they evolve further, the 
influences of these boundary conditions 
decrease in proportion to those dictated 
by the universal laws of nature. Ac- 
cordingly, the "psychologies" of differ- 
ent intelligent races should in general 
converge. With the conservative 
assumption that the development of a 
technological civilisation requires that 
things like low melting -point alloys and 
easily accessible fossil fuels are natur- 
ally existing, we take f c as 0.2. 

Finally, T is the lifetime of the 
communicative stage of these civilisa- 
tions. In our view the continued deve- 
lopment and progress of a technologi- 
cally advanced civilisation depend on its 
social system, which is a matter of 
experimenting and choice, so that they 
are not only possible but probable 
because presumably they are its inten- 
tions. We then judge that, say, one out 
of ten civilisations lasts as long as the 
local sun remains "healthy." The aver- 
aged value of T will be 109 years. 

With these values, N* comes to be 
(I year-1) x 0.5 x 2 x 1 x0.5x0.2x(109 
years) = 10°. In other words, on average 
one out of a thousand stars will possess 
on average one planet where there is a 
civilisation in the interstellar communi- 
cative stage. The main uncertainties in 
this estimation of N* lie with the last 
three factors, namely fh, fc and T. 

Using the mean density of stars in the 
Milky Way, which is 1 star per 200 cubic 
light -years, the mean minimum separa- 
tion of communicating civilisations (i.e., 
the most probable distance between the 
nearest neighbours) will be the radius of 
the sphere of volume 2 x 105 light-years, 
or roughly 40 light-years. In general, the 
distance is 2 x 104/3 VN* light years. 

If direct radio contact is considered, 
the civilisations have to exist in the 
same epoch. A slightly more 
complicated procedure gets 23/ 3 N/TG/ T 
light -years as the likely minimum 
separation between 'contemporary' 
civilisations, 28 in which TG is the galaxy 
time -scale, i.e. 101° years. In our estima- 
tion therefore it will be about 50 
light -years. This is not much greater 
than the previous estimation of 40 
light- years, because we have taken T to 
be not much smaller than TG. A more 
exact assessment will have to take into 
account the length of time required in 
biological evolution 29 but being much 
less than 109 years it can be taken as 
zero. 

The chance that a randomly selected 
star is sending interstellar signals is 
0.001. If and when the synchronisation 
problem referred to previously has been 
solved, we can be sure that, when we 
look at it, its signals are beamed 
towards us. In this case, the probability 
of achieving at least one contact after 
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Fig. 5. Schematic picture of the galaxy, 
showing its shape and size and the 
relative position of our solar system. 

searching N stars is 1- (1- 0.001)N or 
approximately 1 -exp (- 0.001N). A 
search of a thousand stars will, assum- 
ing perfect synchronisation, give us a 
63% success. 

Inevitability of participation in 
interstellar communication 
The feasibility of intentionally achiev- 
ing communication by radio contact 
with extra -terrestrial civilisations has 
been shown. By way of conclusion I 

would point out one more considera- 
tion. We have been using u.h.f. radio 
communication for some fifteen years. 
Also, there must be now a few thousand 
television stations on our planet which 
transmit in channels 14 to 83 at a power 
of something like 20kW on average, and 
a lot of u.h.f. transmitters such as 
maritime radio beacons and satellites' 
telemetry and tracking. Earth is then 
radiating nearly a tenth of a watt per 
hertz into space at centimetre wave- 
lengths. By the equation for L, we see 
that these radiations can be detected, 
over a distance of 50 light -years, by a 
radio telescope of effective area 40km2 
and listening to a bandwidth of one 
hertz. If there is such a telescope on a 
planet within this distance, the disco- 
very of our presence in due course, 
whether we intend it or not, is highly 
probably. 

To build this telescope does not 
necessitate fantastic technological so- 
phistication. In fact, as investigated in 
the Project Cyclops 30, the construction 
by us of a phased antenna array of ten 
thousand parabolic reflectors, each 30m 
in diameter, is feasible (it would cost six 
to ten thousand million dollars but this 
is less than half the cost of the Apollo 
space programme.) Such an antenna 
system would have an effective area of 
20km2, and there appears to be no 
technological limitation to its 
expansion, to a size of 100km2 or more. 
If we do build this colossal telescope, we 
will be able to eavesdrop on our 
neighbours. (A further feasibility study 
after Project Cyclops is being 
undertaken, and should be completed 
by summer 1976.) The Cyclops concept 
is already the basis of a very- large -array 
telescope now under construction in the 
plain west of Socorro in New Mexico. 
When completed, it will have 27 para- 
bolic dishes, each 30m in diameter, and 
an estimated sum of seventy -six million 
dollars will have been spent. Scheduled 
for general radio -astronomical obser- 
vations at 1.3, 2, 6 and 18 -21cm wave- 
lengths, it will be partially operating by 
the winter of 1977. 

I have not discussed the rationality or 
even necessity of communicating with 
extra- terrestrial civilisations. Everyone 
will form his or her own opinion, and it 
seems out of place to argue here. 
However, it does appear obvious to me 
that it is wiser to devote our labours and 
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resources to seeking out life outside 
Earth, than to building things which 
potentially destroy life on Earth and 
which are no less expensive. 

The table 31 published last month 
listed projects to detect radio signals 
from extra -terrestrial intelligence 
which are still in progress. The complete 
projected programme in the USSR has 
been published 32; it is perhaps at 
present the country where (mainly for 
political reasons) such work is taken on 
most seriously. 
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Some readers interested in CETI and related 
subjects may like to read, among other magazines 
and journals, Spaceflight and the Red Cover issues 
of J.B.I.S., both published by the British Interplan- 
etary Society. 

Sixty Years Ago 
The following piece was printed, without 
much comment, in our issue of July, 1916. It 
was in the section "Digest or wireless 
literature ", which contains a couple of fairly 
imaginative accounts of inventions and 
development, including a description of a 
wireless- controlled boat of 30 tons, which 
carried a torpedo at 50 mph and would turn 
upon and destroy any jamming transmitter! 

Radium and aerials 

"The following abstract of an article by E. 

'Leimer in the Elektrotechnische Zeitschrift, 
printed recently by the Electrician, will be of 
special interest to our readers as it contains a 
report of some expenments on new lines. 

On the results of Szilard with radium - 
coated lifhtning conductors becoming 
known to the author he was led to consider the 
possibility that radium might exert some 
effect upon the reception of radio -telegraphic 
signals. 

The first experiments were made with an 
indoor antenna consisting of a wood rod 
closely wound throughout its length with 
wire, the rod being directed towards a 
sending station, FL, about 300 km distant 
from it. This antenna was suspended in a 
room. The receiving set used comprised a 
galena detector, 4,000 ohm telephones, and a 
tuning coil 50mm in diameter, and having 800 
turns of enamelled wire. No signals were 
audible from FL at any position on the tuning 
coil. Signals were, however, at once distinctly 
audible as soon as a sealed glass tube 
containing radium bromide of 50,000 units. 
(and thus very weak) was brought near. 

(Litemture 
Received 

Television sound, off -air, is provided by the 
Ambit 7700 liner, which contains a u.h.f. 
tuning head and therefore requires no pickup 
coil. The tuner is compatible with 6MHz, 
5.5MHz and 4.5MHz intercarrier frequencies 
at aerial input levels of 101.LV or more and is 
provided with a four -channel selector and 
indicator. A leaflet is obtainable from Ambit 
International, 25 High St, Brentwood, 
Essex WW401 

Multiway circular connectors, type 602GB, 
are described by Amphenol in a new 
catalogue. The connectors are intended for 
military and civil aerospace use and are 
resistant to most solvents and fluids likely to 
be encountered, including salt spray. They 
also meet the requirements of BS 2G 100 P2 
C11. Amphenol Ltd, Thanet Way, Whit- 
stable, Kent WW402_ 

Rare -earth cobalt alloys in powder form, for 
the making of permanent magnets, are made 
in a new process by T, H. Goldschmidt Ltd, 
which is discussed in issue 4/75 No.35 of 
Goldschmidt Informiert, available from the 
company at York House, 353a Station Road, 
Harrow, Middx WW403 

Aerials for domestic radio and television are 
dealt with in a publication from the British 
Aerial Standards Council. The booklet 
describes methods of measurement, together 
with the relevant electrical and mechanical 
requirements. Available from the council at 
27 Ingorsby Lane, Houghton on the Hill, 
Leicestershire, the booklet costs £1. 

Heathkit's new catalogue supplements, 
containing the latest exotica, are now 
available. Introductions are a pre -amplifier 
(£94), an equalizer (£88), a 200W power 
amplifier at up to £340, a 10MHz oscilloscope 
at £270 and a digital i.c. tester at £49. But the 
real mind -boggler is, we are informed, a 
Digital AM /FM Stereo /Quadraphonic Tun- 
er /Preamplifier at £550. The only thing we 
couldn't spot on the front panel was a handle 
to wind it up. The supplements can be 
obtained from Heath (Gloucester) Ltd, 
Bristol Road, Gloucester W W 404 

Precision metal pressing by Latham Manu- 
facturing Co Ltd is briefly described and 
illustrated in a brochure, now available from 
Latham at Croxstalls Road, Bloxwich, 
Walsall, Staffs W W 405 

Audio accessories are listed by Ross Elec- 
tronics in their enlarged catalogue, which 
includes tape, headphones, microphones, test 
meters and connecting leads. The catalogue 
can be obtained from Ross Electronics, 32 
Rathbone Place, London W1P lAD (Trade 
only.) 

An X -Y recorder, the HR2000, is the subject 
of a brochure from Gould Advance. The 
instrument takes the form of a mainframe 
with inputs and pen controls, with a range of 
input modules to provide a choice of 
sensitivity and speed. The brochure is 
obtainable from Gould Advance Ltd, Roe- 
buck Road, Hainault, Essex WW406 

HF predictions 
HPF (highest probable frequency) is the 
frequency above which the probability of 
ionospheric reflection is less than 10% and 
FOT (from the French optimum working 
frequency) is the frequency below which 
reflection probability is greater than 90 %. 
Thus the skywave probability of any given 
frequency can be found from the charts. 
Although a skywave path may exist signals 
can be below noise level and LUF (lowest 
usable frequency) is the 90% probability 
contour of signal level exceeding noise level 
by a certain amount. Best operating fre- 
quencies for consistent day to day working 
will lie between FOT and LUF and this 
applies when LUF is higher or lower than 
FOT. The latter condition implies that the 
certain amount referred to above cannot be 
realised. 
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Unfamiliar forms of temperature 
compensated voltage reference 
The Widlar diode and others 
by K. C. Johnson, M A. 

It is almost universal, at the present 
time, to use zener diodes whenever a 
constant voltage is required in an 
electronic circuit. These devices depend 
on the breakdown of a reverse -biased 
junction between two semiconductors 
and the characteristic voltage can be 
varied over a wide range by controlling 
the abruptness of the junction (width of 
the depletion layer) during manufac- 
ture. If a very abrupt junction is made, 
breakdown occurs at a low voltage, 
while less abrupt junctions give higher 
voltages. In low- voltage devices the 
temperature coefficient is negative, 
since the breakdown is predominantly 
by the true zener action, while in 
higher- voltage devices, where break- 
down is due to avalanche action, the 
coefficient is positive. In.silicon, the two 
effects compensate at about 5.6V; 
consequently a silicon diode with this 
breakdown value has an almost zero 
variation with temperature. At 3.3V the 
variation matches that of an ordinary 
forward- biased junction such as the 
base- emitter of a transistor. Both of 
these types of diode, together with 
others where compensation is obtained 
by connecting junctions in series, are in 
very wide use and will be familiar to 
readers. 

There are, however, two other ways 
in which temperature = compensated 
reference voltages can be obtained, 
using only the forward conduction 
characteristics of semiconductor junc- 
tions. These arrangements are very 
much less known, but offer advantages 
in that they work at lower voltages and 
do not require such precise control of 
the abruptness of the junctions. In order 
to understand their action one must 
first consider the effect of temperature 
on conduction under forward bias. 

Forward- biased junctions 
The usual Schottky formula for the 
current flow i at an applied voltage V is 

I =Idexp (qV /kT) - 11 

where to is the leakage current, q the 
electronic charge, k Boltzmann's con- 
stant, T the absolute temperature. 

From its appearance, this formula 
should also predict the changes of 

current with temperature, as it clearly 
contains T, but in fact any results it 
gives will be wildly wrong. The trouble 
is that lo is not constant but changes 
rapidly with temperature. 

To improve matters we must alter the 
formula into the form 

1= IGlexp(q(V- VG) /kT) 
-exp(g VG / k T)1 

and choose a value for VG so that IG 
really is essentially constant irrespec- 
tive of temperature changes within the 
working region. When this is done it 
turns out that VG is approximately 
equal to the energy gap of the semicon- 
ductor material (1.2V for silicon) while 

Fig. 1. Zener diode characteristics 
indicating how the difference between 
the voltage (V) across a diode at any 
given current and the energy gap (V& 
of the semiconductor expands in direct 
proportion to the absolute temp. (T). 

1G has a value far larger than any real 
working current. 

Suppose now that such a diode is 
made to carry a constant current while 
its temperature is allowed to change. 
The second exponential term in the 
formula represents the insignificant 
leakage current only and so the first 
term must remain virtually constant. It 
can only remain constant if (V -VG) 
changes in direct proportion to T, and 
this is what happens in practice. 

If, for example, a particular type of 
silicon diode requires 0.65V to carry. 
1mA at 25 °C, the formula predicts a 
temperature variation of 

0.65-1.2 -0.00185 V/°C 
25+2Ì3 

which clearly agrees well enough with 
the normally accepted figure of 
-1.8mV / °C. 

This behaviour can be represented 
graphically as in Fig. 1. A diode behaves 
as if cooling to absolute zero tempera- 
ture would make it insulate at all 
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voltages below VG and then turn on 
unlimited forward current, with an 
almost superconducting slope resis- 
tance, at that voltage. As the tempera- 
ture is increased, the familiar 
exponential characteristic appears and 
expands linearly away from the VG 

ordinate. 

The Widlar diode 
The Widlar diode is really an assembly 
of three transistors and three resistors, 
as shown in Fig 2. All the junctions are 
of the same semiconductor material and 
are essentially at the same temperature, 
but the circuit behaves as a compensat- 
ed voltage reference as seen at the two 
terminals. Temperature compensation 
is obtained by exploiting the fact that a 
forward -biased junction, carrying less 
current in the same area, has a working 
voltage further away from VG and 
hence has a greater temperature coeffi- 
cient. In silicon, the effect is roughly a 
10% increase for every reduction by a 
factor of 10 in the current. This can be 
verified from the formula given. 

The three resistors in the circuit are 
selected so -that Try and Tr3 each carry 
ImA, while Tr2 carries 0.1mA (all three 
transistors being of the same type) 
when the voltage applied. is at some 
value near 1.2 volts. Typically, the 
values might be 54052, 5752 and 5.4142 
respectively for R1, R2, and R3. There- 
fore the whole assembly carries 2.1mA 
at 12 volts. 

If the applied voltage is increased 
slightly, the current in Tri will, of 
course, increase. The stabilizing effect 
of R2, however, makes the correspond- 
ing increase at Tr2 very much less, even 
as a proportion. The voltage across R3 

therefore remains almost constant and 
a large part of the original voltage 
increase is passed to the base of Tr3, 
which is consequently turned on. The 
overall effect is that the slope resistance 
at the terminals is in the region of 3052 

while the intercept resistance is nearly 
twenty times this value. The circuit 
clearly gives a constant voltage action. 

Suppose now that the temperature 
rises slightly. The voltage at the base of 
Try will fall, since the junction conducts 

1,2 1mA 

12V 
reference 

output 

Tri 

imA O1mA 1mA 

Fig. 2. The Widlar diode circuit. 

more easily, and the base of Tr2 will fall 
with it. The emitter junction of Tr2, 
however, was carrying less current and 
so has a greater temperature coeffi- 
cient. The voltage across R2 therefore 
rises and increased current flows in Tr2 
and R3. If R3 is large enough the 
resulting fall of voltage at the base of 
Tr3 can be sufficient to cut the current 
in that transistor by an amount greater 
than the combined increase in Try and 
Tr2, despite the warming of the emitter 
junction. 

The magnitude of R3 depends directly 
on the value selected for the voltage 
when the resistor values were deter- 
mined. Selection of a large voltage 
would therefore have given over-corn- 
pensation, while a small voltage would 
have under -compensated. The value for 
an exact balance depends on the precise 
properties of the components used, but 
is in the region of the figure of 1.2V 
already quoted. 

The fact that this arrangement uses 
only standard transistors operating in 
the normal way makes it much more 
attractive than a zener for use in 
integrated circuits. The lower voltage is 
also more convenient if the incoming 
power is from batteries or a standard 5V 
supply. Many integrated circuits rely on 
Widlar diodes for their voltage refer- 
ences, but the three transistors are often 
hidden in a complex circuit diagram 
without any clear explanation of their 
function. 

The l.e.d. as a reference 
Another, simpler, form of tempera- 
ture- compensated voltage reference 
can be obtained using the forward 
conduction characteristic only. If two 
junctions of different semiconductor 
materials both obey the theoretical 
formula reasonably well then it is 
possible to select the devices and adjust 
their current levels so that the values of 
(V -VG) match to give equal variations 
with temperature, while the actual 
values of forward voltage are apprecia- 
blÿ different. If the two voltages are 
arranged to subtract in a circuit the 
required effect can be obtained. 

Silicon and germanium could 
obviously be used in this way but the 
resulting difference in voltage would be 
rather small and might not be very 
stable. A more attractive alternative, 
which has only recently become possi- 
ble, is silicon and gallium phosphide or 
arsenide phosphide. Diodes made from 
these new materials are now in large 
scale production for use as I.e.ds and are 
already no more expensive than zener 
diodes. In spite of the fact that they are 
designed primarily for making visible 
light these devices have a surprisingly 
low series resistance and obey the 
Schottky formula well at currents in the 
milliampere region. 

A great many different types of 
device are being made and the values of 
(V -VG) can be expected to vary accord- 
ingly, but some measurements of a few 

silicon 
transistor 

1.2V 
reference 

out put 

Fig. 3. A reference voltage using a 
gallium phosphide l.e.d. 

commercial l.e.ds of various colours 
were made by Mr S. G. Hale and all 
showed values of temperature variation 
within 10% of that of a typical silicon 
transistor. There would appear to be 
little difficulty in selecting devices to 
match more accurately than this. The 
value of VG for this material is about 
2.4V, so the compensated reference 
output will again be in the region of 
12V. 

The kind of circuit shown in Fig. 3 can 
be used to obtain the necessary sub- 
traction. The resistors R1 and R2 fix the 
levels of current in the two junctions 
and can be adjusted to give a fine 
control of the compensation, since a 
larger current gives a reduced variation. 
If a really stable output is required the 
l.e.d. should be shielded to avoid any 
photo -cell action, but for most practical 
applications this refinement is unlikely 
to be needed and the device might even 
do double duty as an indicator lamp. 

If a constant current rather than a 
voltage is required, then this can be 
obtained from the collector of the 
transistor in Fig. 3. Once the basic 
principle is understood, there is no great 
difficulty in arranging circuits for 
multiplication of the voltage or any 
other of a vast range of requirements. 
This second system may well prove the 
more useful to readers on account of its 
simplicity, but it is unlikely to find 
application in integrated circuits due to 
the mixing of semiconductors. 

Gravitational radiation -a fruitless search 
Another disappointment in the search for 
gravitational radiation: the Glasgow Univer- 
sity team working on the subject report a 
negative result from further test runs. This 
latest work was designed to test the 
possibility that a series of short pulses of 
gravitational radiation might produce a 
cumulative response in a detector, big 
enough to account for reported detections 
elsewhere. This now seems likely. 
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Wideband compander design 
Simple square -law circuit gives 1 00dB dynamic range 
by John Vanderkooy 

University of Waterloo, Ontario 

The wideband compander described can preserve the dynamic range of virtually any 
input signal when recorded by a normal tape recorder. Operational amplifiers and matched 
photocells allow accurate compansion with no necessity for calibration or care in recording, 
levels. The unit can be used in compression mode for recording or playback in noisy 
environments, and for speech signals. 
The dynamic range of tape recorders has 
never been adequate for high quality 
reproduction. If a high input level is used in 
an attempt to decrease the effects of tape 
noise, distortion results on loud passages and 
.transients are severely distorted. Reducing 
the level to allow even moderate transients to 
be captured with little distortion means that 
small signals will be lost in noise. A good 
quality half -track reel -to -reel machine can 
expect a signal -to -noise ratio of about 60dB 
and because normal audio signals vary more 
than this, most recording is caught in the 
compromise between noise and signal 
distortion. 

Several commercial devices are available 
to solve these noise problems. Dolby A 
systems are compressor- expanders that 
work in a number of frequency bands in the 
audio spectrum. They are very virtuous but 
are beyond the stage where home construc- 
tion can be contemplated. The Burwen 
compressor- expander' is a device that works 
over the whole audio spectrum, using 
cube-root compression and cubic expansion, 
along with some equalization. Circuits for 
this compander were not available to the 
author, but the appeal of the basic system 
was such that a design suitable for home 
construction was sought and finally 
achieved. A recent advertisement from DBX 
indicates their companders may be similar to 
the one described here. Recently, Self` has 
detailed a circuit for compression only. 
Stuart3 has described several other active 
systems but not the power law compander so 
its basic merits will be given below. 

If a compressor is designed to take an input 
audio signal I of large dynamic range and 
compress it to an output 0 in accordance with 
the law 

" 

where k, is a constant and n is a positive 
integer (it could be fractional, but the 
electronics is more complicated), then the 
dynamic range of 0 can be such that a tape 
recorder can faithfully record this signal. We 
assume that the playback signal P is equal to 
0 for a unity gain recorder. (There will be 
some error and its effect will be discussed 
later). Then if an expander is made which 
gives a final output signal S given by 

S =k2P ", 

then S= k30'= k2(k,i"')" 
= k2k, "I 

and hence except fof the constants, which 
will vary if level controls are altered, the 
signal S is a scaled version of the original 
input I. For domestic use it is argued that 
n =2 is a good choice. An input signal of 
100dB variation will be compressed to 50dB 
at the tape, thereby achieving a good 
performance with modest recorders. The 
n =3 system used by Burwen shows defi- 
ciencies when used with domestic recorders 
having considerable variations in response 
with frequency. If the recorder has a 
response error of XdB then the final 
expanded signal will have an error of nX dB. 
A wide spectrum signal such as normal audio 
will relieve these difficulties, but if a 6dB 
variation in response exists, the cubic system 
is impractical. 

Recent articles by Shorter' on the Wireless 
World Dolby B noise reducer give much 
useful information on compansion in general 
and prompt a comparison between wideband 
compansion and Dolby B. I have always 
preferred the transmission of programme 
material by simple 2:1 logarithmic compres- 
sion, rather than Dolby B methods, because 
the frequency response is then not altered by 
receivers not equipped with standard 
decoders. I fear the extra top will become so 
enticing to people that the Dolby decoders 
will hardly find use. In essence it boils down 
to a preference for distortion in level as 
opposed to distortion in frequency response. 
An interesting view of Dolby methods from 
the BBC recently appeared in a letter to the 
editors. 

A real advantage of the Dolby B approach 
is that only high frequencies are altered, and 
gain changes can be made so quickly that no 
noticeable noise modulation and breathing 
exist. Present -day wideband companders can 
partially solve these problems as well. Firstly, 
the attack time can be very short, so that 
extra pre -emphasis can be used with a 
consequent reduction in,noise. This however, 
creates more incompatibility with existing 
components and pre- emphasis is not used in 
the present design. Secondly, by using special 
filters to eliminate self -modulation distor- 
tion, but still retaining a rapid decay -time, 
the effects of noise modulation and breathing 
are subjectively reduced. This concept is 
used in this design. A definite advantage of 
wideband compansion is the much greater 
degree of noise reduction for low -level 
signals, as will be evident later. Professional 

assessments of companders and Dolby 
'systems are given in recent reviewse. For the 
moment it is to be appreciated that wideband 
compansion prevents overloading the 
recorder, reduces the effects of noise at low 
signal levels, and virtually makes recording 
level controls unnecessary. In addition an 
accurate power law device will reproduce 
faithfully irrespective of the settings of the 
level controls. No reference levels are 
necessary as in Dolby systems or other 
non -linear companders. 

Requirements 
The heart of a compander is a gain -controlled 
amplifier which can divide or multiply the 
gain by means of a control voltage. It must be 
capable of 50 or 60dB gain variation with an 
accurate characteristic. A good audio band- 
width must be maintained over the whole 
variation, and the distortion should not 
exceed 1%. The gain variation must be rapidly 
programmable as well. A servo system 
driving a potentiometer would be accurate 
but too slow. A good figure to shoot for in 
response time is several milliseconds. This 
allows even transients to be respectably dealt 
with. 

A well -built transconductance multiplier 
will satisfy the above characteristics, but it 
has too much wideband noise. This is due to 
the necessity of small signal levels at the 
bases of the multiplying transistors to 
prevent distortion. 

As well as an accurate multiplier- divider, 
the circuits which caliper the audio level and 
produce a smooth rectified signal propor- 
tional to the amplitude must be accurate and 
have an attack time less than a few 
milliseconds. The release time should be 
rapid to prevent pumping but not rapid 
enough to cause distortion by "self modula- 
tion" of a low -frequency signal. 

Experiments 
Early experimental attempts at making the 
multiplier- divider centred on f.e.ts and their 
source -drain characteristics near the origin. 
Distortion is high if the f.e.t. is used in a 
straightforward way. It can. be greatly 
reduced if the gate is driven not only as a 
control voltage but as an alternating voltage 
which is midway between that of the source 
and the drain as in Fig. 1(a). This gives the 
device a drain characteristic of odd sym- 
metry. Thus all even harmonics are entirely 
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the multiplier- divider. Initial experiments 
indicated that when a light- emitting diode 
was suddenly turned on the coupled photo- 
cell would respond with approximately two 
time constants, one a fast but rather small 
relative behaviour, the other a slower rise of 
about 10ms to a final conductance level. This 
is not suitable for a fast -acting gain control 
circuit. Also the final conductance value was 
not properly proportional to the I.e.d. 
current. Fig. 2 shows the characteristic of 
resistance versus current for a CL904N 
photocell coupled to an I.e.d. A straight line 
of slope -1 would represent ideal behaviour. 
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Fig. I (a) The distortion of the f.e.t. as a 
voltage- controlled attenuator can be 
reduced by driving the gate with an 
alternating voltage midway between 
the source and drain voltages. (b) by 
using a second matched f.e.t. the 
variation of the gain can be made 
proportional to V,/V,.0. 

removed by this "push -pull" technique, and 
only odd harmonics, mainly third, occur at 
higher signal levels. The problem still 
remains that a large gain variation of greater 
than 30dB is difficult to achieve, and the gain 
is not a simple function of the control 
voltage. The last- mentioned problem can be 
alleviated by using one of a matched pair of 
f.e.ts (a dual) to generate a specific resistance 
using an operational amplifier. 

In Fig. 1(b), Tr2 has a resistance which is 
determined by setting the input current of 
the op-amp equal to zero with due respect for 
the virtual earth, i.e. Vret /Rfe.t.= Vm /R. 
Transistor Tr, will have the same resistance 
and the upper circuit, which handles both 
polarities for audio, will obey a law 

V(n /Rte.t = VMVm /Vre,R. Thus V., 
= V;VM /Vrer. Division and multiplication 
have both been accomplished! This circuit 
technique must be remembered for the 
multiplier to be described later. It is not 
suitable in the present form since not 
enough gain variation is available. 

Another method attempted was to make a . 

transconductance multiplier Using f.e.ts as 
the input active elements. They would not be 
as linear as transistors on.a relative basis but 
since the voltage scale on which they turn on 
is about a volt as opposed to the 25mV for a 
transistor, much less attenuation of the input 
signal is necessary and this together with 
lower f.e.t. noise would reduce the noise to 
small values. Disadvantages of the design are 
the difficulty of obtaining division and the 
requirement of four well- matched f.e.ts. 

Photoconductive cells were also consi- 
dered as possible gain control elements for 
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Fig. 2 Curve of photocell resistance 
versus l.e.d. current for a Clairex 
CL904N photocell when illuminated by 
a red l.e.d The unbroken line is drawn 
through the experimental points. The 
dashed line represents ideal behaviour. 

It was decided to employ op -amps to 
linearize the cells using the technique 
mentioned earlier. Fig. 3 shows the basic idea 
for a multiplier. A divider can be constructed 
by interchanging the resistor and the 
photocell as gain -determining elements for 
the amplifier Al. The l.e.d. shines equally onto 
both photocells. Tracking of the photocells is 
essential for an accurate power law compan- 
sion, but an error does not significantly affect 
the overall characteristic, see later. From five 
photocells at least two would track well over 
factors of 100 change in the resistance. 

Experiments with this multiplier- divider 

L 
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Fig. 3 Photocells and a controlling l.e.d. 
are used here as a multiplier using a 
concept similar to that shown in Fig. 1 

(b). For this circuit Von,= VrV;n /6. 

showed that a 60dB range was possible and 
the attack time for a large step increase in the 
control voltage was about one millisecond. 
The feedback has thus considerably reduced 
the sluggishness of the cell. At low light 
levels the cell seems to have a longer time 
constant and a nonlinear network placed in 
series with the l.e.d. maintains good control 
stability over all voltage levels. 

Fig. 4 shows the rectifier circuit that was 
adopted to produce a direct control voltage 
for the multiplier- divider. Amplifier A2 has 
circuitry which creates an absolute value 
circuit with a gain of 2/3. Diode D2 is used to 
create a virtual earth at the inverting input 
for positive input signals so that the upper 5k 
and 10k resistors can form a simple attenua- 
tor. This diode also prevents-op-amp satura- 
tion and hence allows accurate response up 
to the highest audio frequencies, a feature 
which many precision rectifier circuits do not 
have. 

Amplifier A3 is a peak detector in which D4 
prevents saturation of the op -amp when the 
input voltage from the absolute value 
rectifier is lower than the voltage on C 

advantage of this diode is more 
subtle. If a rectified sine wave of constant 
amplitude is fed into the peak detector, the 

Fig. 4 Schematic of the circuit used to 
obtain an absolute value of the audio 
signal and produce a control voltage 
proportional to the peak of the 
waveform. 

10k 

D5 

-C2 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, July 1976 47 

Fig. 5 Complete schematic of the 
compander. Op -amps are assumed to 
have ± 15V power supplies. For best 
performance amplifier Al should have 
separately decoupled supplies. The 
10kS2 resistor in the compensation 
should be referred to the negative 
supply. 

droop at C, is much less than in a circuit in 
which R1 is returned to ground rather than 
the inverting input terminal. This is so 
because the negative input terminal follows 
faithfully the input signal on the non- invert- 
ing input terminal. However, if the audio 
signal dissappears, then R, is effectively 
returned to ground and the decay time 
constant is short. For audio frequencies 
> 1 /21TR ICI, the droop is only 1- (2 /1r) X0.36 as 
large in this circuit as when R, is returned to 
ground. Components R2 and C2 provide extra 
filtering and Ds allows the control voltage to 
rise quickly in the presence of audio 
transients. The input follower Al is necessary 
because the input impedance of the absolute 
value circuit changes with signal polarity. 

Circuit description 
The complete compander circuit diagram is 
shown in Fig. 5. Switching allows the circuit 
to be used as a compressor during recording, 
and as an expander during playback. In the 
compression mode, the control voltage acts 
to decrease the audio gain as a divider. Hence 
the output O will be related to the input by the 
relations 9« I/ V,. But V, is derived from the 
amplitude of the output signal, hence 
Vcoc 9. Thus 6 0(119 or 9« VI, a square -root 
compressor. When in the expansion mode, 
the audio gain is precisely proportional to the 
control voltage. Hence the final output signal 
S is related to the playback signal by the 
relation S «PVc but Vc is derived now from 
the audio signal P, hence V,«13. Thus So( P2 
and a square -law expander results. 

If the photocells do not track well, the 
division or multiplication factor must still be 
the same function of control voltage, say 
f(V,), because of the way the photocell is 
switched in the compress and expand modes, 
Hence O =1/f(V,), and if we assume again that 
P =9 (for a good recorder) then 

S= Pf(V)= 9f(V) =I. 

Thus a perfectly complementary system still 
results. Careful analysis shows that this is 
true only if the recorder has unity gain, 
because otherwise theplayback signal would 
produce a different control voltage than that 
used during recording. Only a power -law 
behaviour of the function f(V) will preserve 
the relative level differences. In the present 
circuit f(x) =x, a simple function indeed. 

The major circuit blocks in. Fig. 5 can easily 
be recognised from the earlier discussion, but 
several features warrant special considera- 
tion. The operational amplifier A, used in the 
multiplier is used in a circuit in which the 
gain is varied by up to 60dB. At unity 
inverting gain, a compensation capacitor of 
about l5pF between pins 1 and 8 (half of that 
for a voltage follower) is necessary for 
stability. But this is detrimental to the 
frequency response when the gain is high (a 
small amount of feedback), as for example 
during small signal levels in compression. Pin 
8 comes from the output circuit of the 
op -amp. Pin 1 is a high impedance point 
which has a signal referred to the negative 
supply line. The difficulty occurs when the 
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high level signal from pin 8 is injected into 
pin 1 through the normal compensation 
capacitor. The gain is drastically reduced at 
high audio frequencies. But there is no 
problem with op -amp stability at these 
frequencies; instability only occurs near 
IMHz. The 10k1/ resistor between the two 
50pF capacitors shunts the gain reducing 
signal to the negative supply line thus 
restoring the gain at audio frequencies while 
not materially affecting stability considera- 
tions at megahertz frequencies. 

An important point is the selection of 
photoconductive cells. Impedances of 1kWl 

are ideal for op -amp gain determining 
resistors. Lower values might tend to cause 
current limiting at high signal levels. It is 
therefore recommended that the photocells 
have resistances of not much less than 1k12 
when illuminated by an l.e.d. carrying a 
current of 10mA. The l.e.d. can be glued to 
the two matched photocells (or dual photo- 
cell) with clear epoxy. 

In a stereo system one has a choice of 
building a compander for each channel (the 
best solution) or of combining functions 
together. In a combined system it will be 
necessary to control three photocells with 
one I.e.d. If matched l.e.ds are available then 

3 µ 

two double units can be used. But they are 
not easily matched. Some require a threshold 
current before they start to emit light. In any 
event the right and left channels should be 
summed before peak detection. The voltage; 
follower in the rectifier circuit can easily be 
rewired to act as an inverting summer. Of 
course two separate op -amps will be neces- 
sary with compensation as described earlier. 

Due to the switching in the rectifier and 
peak detecting circuits, it is recommended 
that separate decoupling be used for the 
supply lines to the signal op -amp. All input 
and output connectors should have their 
signal ground connected to the non -inverting 
input of A,. You may wonder why a 
low -noise audio op -amp such as the Fairchild 
739 was not used in the signal circuits. This is 
because these do not have adequate reserve 
gain for the multiplier - divider action 
necessary here. They also draw more input 
current, causing greater offsets when the 
gain is high. It is wise to include the input 
offset current adjustments for the signal 
op -amps as shown in Fig. 5. The offset is 
adjusted to provide zero direct output 
voltage with a very low signal input in the 
compress mode. If this is not done a low 
frequency thump will occur when the gain 
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changes quickly. 
Another point is that for no signal level in 

the compress mode, the gain is very large and 
is limited mainly by the rectified output 
noise. This is not usually a problem since 
most sources for recording in the home such 
as discs and microphone arrangements have 
enough background noise. An easy way to 
eliminate such problems is the inclusion of a 
resistor shown dotted in Fig. 5 which limits 
the maximum gain, by preventing the 1.e.d. 

current from becoming zero. 
As shown, the compander responds to very 

low frequency signals and has low phase 
shift. Sometimes a turntable can have a large 
low frequency. rumble which can modulate 
the compressor gain. In such cases a filter 
should be used to remove such low fre- 
quencies. A simple solution is to decrease the 
value of the 0.5µF record input coupling 
capacitor to give an appropriate cut off 
frequency. If a recorder with restricted 
bandwidth is used, it is wise to restrict the 
input to the compander to the same extent. 
This ensures that the rectifier circuits will see 
similar signals on compression and expan- 
sion. 

The power supplies should be well regu- 
lated for optimum performance, but unregu- 
lated supplies with good ripple filtering are 
acceptable. The transformer should supply 
11V a.c. on open circuit and allow 70mA of 
current drain. 

All diodes can be silicon signal diodes, such 
as 1N914, 1N4148, 1S44; only D5 in Fig.4 
should be a germanium signal diode as this 
will help reduce overshoots in compression. 

Input impedances are simply given by the 
values of the record and playback preset 
potentiometers. The outputs are low impe -, 
dance, and perhaps 56051 resistors should be 
added in series with these outputs to prevent 
damage if high signal levels are inadvertently 
applied to these outputs. 

Performance 
The most important characteristics are the 
compression and the accuracy of the whole 
process. Fig. 6 shows the graph of output 
level versus input level in the compression 
mode of operation. The deviation of the 
curve at very low input levels is due mainly to 
photocell tracking error, and partially from 
the amplified noise of the 748 op -amp. The 
input voltage is not measured at these low 
levels; it is inferred from the settings of an 
accurate low impedance attenuator. Devia- 
tion from a square root behaviour is never 
more than 1dB for well over 80dB of dynamic 
range. All levels are in dBm (OdBm - 0.775V 
r.m.s.). 

Fig. 6 Curve indicates output level 
versus input level wilen the compander 
is in the compression mode. Note that a 
60dB input variation is compressed to 
30dB of output variation to be recorded 
on the tape. 
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Fig. 7 Output level versus input level in 
decibels for the expansion mode. A 
30dB input variation from the recorder 
on playback would be expanded to an 
output of 60dB to be fed to a power 
amplifier. 

Fig. 7 shows the output level versus input 
level in the expansion mode. The curve again 
shows almost no discernable deviation from 
a square law. Output levels are difficult to 
measure with standard a.c. voltmeters below 
about -90dB. The complete characteristic 
from recording input to final signal output is 
linear to much better than 1dB because of the 
exact complementarity discussed earlier. 

Even the dynuma: characteristics are 
precisely complementary, because the audio 
signal used to produce the control voltage is 
derived from the output in compression 
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Fig. 8 Oscillograph of the compressor 
output when the 1kHz input signal is 
suddenly increased by about 30dB by a 
mercury wetted relay. (20ms /div 
horizontally, 2V /div vertically.) 

mode, and from the playback input signal in 
expansion mode. These two signals should be 
the same for a good tape recorder. An 
overshoot in the compression mode, which 
is very difficult to suppress completely 
because of the time constants .of the 
photocells and the peak rectifier, will not be 
problematic because it will be exactly 
undone in the expansion mode. Only the 
leading edge of a transient sound will 
perhaps not be faithfully recorded, but thé 
ear will forgive severe distortion for periods 
of several milliseconds. Fig. 8 shows the 
output signal to the recorder in compression 
'mode when the input signal is suddenly 
increased by about 20dB. The signal fre- 
quency is 1kHz. Notice that there is a slight 
overshoot in the compression that lasts 
about 10ms. The transient edge dies away 
with a time constant of about a millisecond. 
There is some dependence in Fig. 8 on the 
phase of the input signal at the moment of 
switching in the higher level. One would 
expect this in fast-acting circuits. A real 
audio transient is likely to be less severe than 
the instantaneous switching used here as a 
test signal. 

The release time constant is less than a 
tenth of a second, giving a fast enough action 
that even on a rapid reduction in signal level, 
no noise is noticeable on replay. The rapid 
release time is also advantageous if the 
compressor is used on the output of an 
automobile radio. The normally large varia- 
tions in signal level will be reduced so that 
low levels are not masked by the ambient 
noise. (I have often wanted something akin to 
an engine -speed dependent volume adjust- 
ment on my automobile radio.) 

For high fidelity purposes the compander 
must have low distortion. Fig. 9 shows the 
measured second and third harmonic distor- 
tion versus frequency in compression mode 
for an input level of + 10dB. The rise at low 
frequencies is due to the ripple from the peak 
rectifier. The wideband distortion is due to 
the photocell characteristic and is mainly 
third harmonic. 

Fig. 10 shows the second and third 
harmonic distortion versus the output signal 
level (the voltage across the photocell) at a 
frequency of 1kHz. Except at high output 
level, the distortion quickly falls near the 
noise limit of the wave analyser. There is 

approximately 0.05% of residual third har- 
monic distortion in the oscillator which may 
slightly raise or lower the measured third 
harmonic, depending on phase relationships. 
Distortion level is low enough because it does 
not represent a crossover distortion, only a 
gently curving transfer characteristic. How- 
ever, It would be unwise to be too defensive 
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about distortion levels in photocell circuits. 
Some cells have much larger distortion than 
others. A number of different types were 
tried. I admit I could not hear the difference, 
but measured distortions of up to 2% at high 
level were occurring for some cells. The 
circuit whose measured low distortion is 
shown in Fig. 9 and 10 uses quite inexpensive 
cells, type VT -833, manufactured by Vactec, 
Incorporated.' 

Any reasonably fast CdSe photocell could 
be used with resistance characteristics as 
described earlier. A quick check on distortion 
can be made by applying 10V r.m.s. at 1kHz 
to a divider made up of 10k52 resistor and the 
cell, illuminated to a resistance of about 
10k12. If no appreciable curvature exists on an 
X -Y oscilloscope display or cell voltage 
versus oscillator voltage, the cell has suitable 
characteristics. 

In Fig. 11 the clipping characteristics of the 
compander are shown in compression and 
expansion modes. The break point is due to 
current limiting of the amplifier A3 in Fig. 5 

which drives the 1.e.d. 
The final test of performance of an audio 

circuit must be the human ear. In micro- 
phone arrangements using the compander 
there is dead quiet at no signal level. This is 
far from true without the compander. Replay 
sounds natural and the settings of the level 
controls on either recording or playback are 

*U.K. agents Teknis Ltd, Teknis House, 
Meadrow, Godalming, Surrey GU7 3HQ. The 
cells cost around £1. 
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Fig. 10 Distortion of the compressor 
versus output voltage level at a signal 
frequency of 1kHz. There is a residual 
distortion of about 0.05% third 
harmonic in the oscillator which may 
alter the third harmonic results 
somewhat at low levels. 

unimportant as long as overload is prevent- 
ed. Using good discs as a source there is no 
noticeable difference in the dynamics even 
on piano music when the compander is used. 
This is impressive performance for such a 
simple circuit. 

How can the audio enthusiast use the 
compander? If his tape recorder has a 
signal -to -noise ratio not much worse than 
the sources at his disposal, then it is hardly 
worthwhile using it to preserve dynamic 
range. However, modern stereo cassette 
recorders have signal -to -noise ratios of 
around 50dB, whereas a live f.m. broadcast 
can have 70dB. Then 20dB of increased 
dynamic range will result. In a live micro- 
phone setup with a low noise preamplifier the 
increase in dynamic range is greater than 
40dB, and here the compander allows almost 
complete disregard of the level controls. 

If master tapes and discs were made with a 
square root compressor and radio stations 
would broadcast these directly, then an 
expander in the receiver could bring back the 
full dynamic range of the original signal. 
Another use for the compander occurs 
whenever there is a high background noise 

Fig. 9 Distortion of the compressor 
versus frequency for an input level of 
+ 10dB. Curves are substantially 
constant beyond 800Hz with a small 
increase beginning beyond 10kHz. 
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Fig. 11 Characteristics of the 
compander for high level signals. 
Clipping level in the compression or the 
expansion mode is determined by the 
supply voltage of the operational 
amplifiers. Deviation from square -root 
compression and square -law expansion 
results from the current limiting of the 
amplifier A3 driving the l.e.d. These 
levels were obtained by setting the 
record and playback present 
potentiometers to 10!d2. Altering these 
values will alter the point at which the 
.behaviour saturates. 

level, such as in an automobile, workshop, or 
a home with children. The unit can be ussB1 to 
process a signal using compress mode, so' 
that the dynamic range of the signal stays, 
sensibly above the noise level. It is wise to 
include the dotted resistor of Fig. 5 in such 
setups to reduce the noise output when the 
signal level is very low. 
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1 Burwen R. S. Design of a noise eliminator 
system Audio Eng. Soc. Vol 19 December' 
1971. 
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6 See, for example, Studio Sound, March 
1974. 

Printed circuit boards 
Wireless World has arranged a supply of 
glass fibre p.c.bs. The board is a stereo 
version but using a common control circuit. 
(Two boards are needed for a two -channel 
version with separate control circuits.) 
Provision has been made for board- mounted 
l.e.ds and photocells, and connections are 
brought to one edge. One -off price is £3.50 
inclusive from M. R. Sagin, 11 Villiers Road, 
London NW2. 
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News of 
the Month 

Video -plus -data 
recording 

The Japanese are using a teletext type 
of method to record simultaneously on 
video tape pictures and measurement 
data from industrial or other processes. 
The idea is that in investigating certain 
processes it is useful to be able to 
correlate pictures of events with mea- 
surements of the variables (e.g. temper- 
ature, pressure) that are significant in 
these events. At the 7th IMEKO con- 
gress held in London in May, H. Soga 
and co- authors described a system for 
multiplexing television pictures and 
data that has been applied to blast 
furnace operation and human body 
movement patterns. It uses an ordinary, 
closed- circuit television camera and 
magnetic -tape video data coder. 

The c.c.t.v. camera signals are sent by 
coaxial cable to the video data coder, 
and at the same time measurement 
signals from transducers on the process 
are fed in via an analogue -to- digital 
converter. The a -d converter produces 
the measurements as 10 -bit digital sig- 
nals, and after storage in a register the 
successive pulses of these data signals 
are fed out sequentially from the regis- 
ter and combined with the camera's 
video signal. Each data pulse is 

accommodated in an extended blanking 
period, following the line sync pulse and 
colour burst and before the video signal 
proper. Addressing is done by means of 
an additional identifying pulse, called a 

"group bit pulse ", inserted at intervals 
also into the blanking period. Finally 
the composite video -and -data signal is 

recorded by the video recorder. On 
playback the data pulses are picked out 
of the composite signal by gating, 
converted back to analogue signals by a 
d -a converter and passed to' pen 
recorders or other display instruments. 

This process monitoring technique is 

said to be particularly useful when an 
experiment cannot be artificially 
repeated, or is expensive, time consum- 
ing or dangerous, or when a fully 
explanatory record is required for 
educational purposes. 

Brake regulator 
eliminates locking 

A new brake regulator system which 
allows car drivers to brake hard at high 
speed without risk of the wheels locking 
has been developed in Sweden. Many 
accidents are caused by cars going out 
of control because the wheels have 
become locked as a result of abrupt 
brake application at high speed, espe- 
cially on icy or wet roads. The new 
system has a toothed rim mounted 
inside each wheel hub. The rim's rate of 
rotation is continuously monitored by a 
photocell which feeds data on every 
change in speed to an electronic control 
unit. When the brakes are applied and a 
wheel is about to lock, the electronic 
unit actuates a valve mechanism which 
causes the brakes to be released for a 
short time and then to be applied again. 
This process can be repeated up to 15 
times per second and the brakes retain 
full effectiveness without locking the 
wheels. The inventors, two Linkoping 
technicians, believe that, if the new 
system can be manufactured on a 
sufficiently large scale, it could be 
supplied at "reasonable cost" either as a 
spare part or as a component for 
installation during manufacture. 

Microwaves for Ireland 

The Republic of Ireland is to be provided 
with a new microwave communication 
system that will replace the country's 
existing television distribution network 
and provide additional TV coverage to 
new areas. The system will utilise 22 
repeater stations over approximately a 
750 -mile route and will provide two 
main television channels which will 

Wireless World, July 1976 

each have an 1800- channel capacity. 
Originating from Dublin, the system 
will provide high- quality television 
broadcasting to Ireland's most populat- 
ed areas which include Cork and the 
south coast, Galway and the west coast, 
Donegal, Athlone and Dundalk. 

The 3.5m dollar contract to provide 
and install microwave equipment was 
awarded to GTE Telecomunicazioni 
S.p.A., Milan, GTE International's 
Italian subsidiary, by Ireland's Depart- 
ment of Post and Telegraphs. The 
system is expected to become opera- 
tional in early 1977. 

Tributes to 
Arthur C. Clarke 

Arthur C. Clarke may not have received 
the first L. M. Ericsson prize for his 
significant contribution to telecom- 
munications (see "Who thought up the 
synchronous satellite ?, April issue, p.68) 
but he did get an appropriate material 
tribute for his work from the Indian 
Space Research Organisation. A party 
of their engineers arrived at his home in 
Colombo, Sri Lanka, one day and fitted 
up a complete installation for receiving 
the Indian television programmes now 
being broadcast from the ATS -6 satel- 
.lite (March issue, p.68). The 15ft anten- 
na, mounted on a balcony, is shown in 
the picture. The 22 -inch monochrome 
set was made in India. 

Also, Dr Harold Rosen of Hughes 
Aircraft, on receiving the Ericsson prize 

Arthur C. Clarke and the 15ft paraboloid of 
the ATS -6 television satellite receiving 
station presented to him by the Indian Space 
Research Organization. The feed unit con- 
tains an 860MHz three -stage low -noise 
pre -amplifier (see news item). 
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in Stockholm in May, made a graceful 
reference to Arthur Clarke in an address 
on the history of geo- stationary com- 
munications satellites. Earlier this year 
Mr Clarke was awarded an Honorary 
Fellowship of the American Institution 
of Aeronautics and Astronautics in New 
York. In fact he made history by being 
promoted from Member to Fellow and 
then to Honorary Fellow all in the same 
year. 

Radio relay above 
13GHz 

A radio relay system has been deve- 
loped to operate in the frequency range 
above 13GHz and to transmit informa- 
tion by means of digital phase modula- 
tion. Modern radio relay systems using 
frequencies up to 13GHz fulfil their 
functions in analogue long -range com- 
munication networks, Nevertheless, 
factors such as the increasing 
digitization of communications traffic, 
future transmission capacity require- 
ments and economic considerations 
have made the new relay system 
necessary. 

The PSK 120-240/15000, developed by 
Siemens, operates with differential 
four -phase shift keying of the carrier, 
information being contained in the 
phase shifts at 0 °, 90 °, 180° and 270 °. 
This type of modulation permits a good 
compromise between immunity to 
interference, bandwidth requirements 
and technical complexity. On the basis 
of rainfall figures for Germany, radio 
path lengths of 22 to 28km were found 
advisable, so that the system is suitable 
for dense radio relay networks whose 
nodes have several links radiating from 
them and which have relatively short 
transmission paths of between 25 and 
50km. Such network structures and 
corresponding transmission capacities 
can be found for instance at the 
short-haul level of the Federal German 
communication networks. This is where 
the PSK radio relay system (see photo) 
will probably be used first when it 
becomes necessary to transmit large 
numbers of digital signals such as p.c.m. 
speech bands, or coded videotelephone 
signals. 

Open University's 
telecommunication 
course 

An understanding of technical 
advances and their practical application 
for the present and future, form the 
basis of a one -year course 'Telecom- 
munication Systems' being offered by 
the Open University. With over 55,000 
students spread throughout the UK, 
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Clean room at Mallard Hazel Grove, a Philips Industries semiconductor components 
factory. Instead of having large open areas serviced with cleaned and filtered air, the 
working stations are fitted into modules that can be put together to form an open -ended 
tunnel. 

improved communication systems have 
a special interest for the University. A 
part of the course which is therefore of 
particular interest is a case study of the 
use of tutorials by telephone and an 
examination of current developments in 
the transmission of graphical informa- 
tion over telephone lines with visual 
displays at remote terminals. 

The course which is part of the 
University's 'Post- experience' pro- 
gramme for 1977, deals mainly with the 
way in which various elements of 
telecommunication systems are select- 
ed and combined, the functions they 
serve, the way they interact and the 
effects which inherent imperfections 
have on the overall system perfor- 
mance. Application and further infor- 
mation on the course can be obtained 
from the Post -experience Student Of- 
fice, the Open University, PO Box 76, 
Milton Keynes, MK7 6AA. 

TV deliveries down 

Deliveries to UK distributors of UK 
made and imported colour television 
receivers reached 109,000 in March, a 
fall of 22 per cent on March 1975 
(139,000), according to the latest statis- 
tics compiled by the British Radio 
Equipment Manufacturers' Association. 
This brought the total for the year to 
309,000, a fall of 35 per cent compared 
with the same period in 1975 (475,000). 
Total monochrome TV deliveries for 
March were 96,000, an increase of 55 per 
cent compared with March 1975 

(62,000), bringing the year's total to 
244,000 compared with 212,000 last year. 
These figures include deliveries to 
rental and relay companies. 

IBA's 300th transmitter 
opened 

The opening of a local television relay 
station at Beacroft Hill near Leeds, 
which came into full service on April 30, 
1976, brings the number of IBA tele- 
vision and radio transmitting stations to 
300. Of these, 200 have been opened in 
the four years since April 28, 1972, when 
a television relay at Brighton, Sussex, 
brought the IBA's total to 100. There aré 
now 213 u.h.f. 625 -line television trans- 
mitting stations, including 46 high - 
power 'main' stations, serving just over 
96 per cent of the population of 
England, Scotland, Wales and Northern 
Ireland; 39 v.h.f. and medium -wave 
sound transmitting stations for the 19 
independent local radio companies; and 
47 v.h.f. television transmitting stations 
which continue to provide television 
services for viewers with older 405 -line 
receivers or who are not yet in range of 
the u.h.f. services. 

The introduction by the IBA of 
unattended transmitters at all power 
ratings has meant that the 300 existing 
transmitting installations are operated 
and maintained by approximately the 
same number of field engineering staff 
as were needed before 1969 for the 
original ITV v.h.f. television network of 
under 50 transmitting stations. 
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World of 
Amateur 
Radio 

More u.h.f. repeaters 
During April the Home Office licensed 
20 u.h.f. "talk through" repeaters in 
England, Scotland and Wales and 
within a week or two the installations at 
Corby, Manchester, North Wales and 
some near London were operating. The 
introduction of these repeaters between 
433 and 435 MHz has, however, caused 
some consternation in amateur tele- 
vision circles and it is to be hoped that 
arrangements will be worked out to 
enable both services to operate without 
mutual interference. Many other ama- 
teurs are perturbed at the deliberate 
interference to and abuse of the 144 
MHz repeaters (particularly the GB3LO 
repeater in London) and the whole 
subject of repeaters is still creating a 
highly charged atmosphere. 

Some 40 u.h.f. repeaters are planned, 
conforming to a 33km square grid 
covering the UK. There are now some 
2,000 amateur repeaters in the United 
States and the FCC has recently auth- 
orised repeaters in the 28 MHz band, 
between 29.5 and 29.7 MHz with a 
suggested 100 kHz separation of input 
and output frequencies. 

Experimental retransmission of 
625 -line amateur television vision and 
sound signals through a u.h.f. repeater 
has been reported from Adelaide, South 
Australia, with 441 MHz input and 579 
MHz output. Pictures from the 1.5W 
repeater transmitter can be received on 
standard u.h.f. domestic TV sets. 

Interference suppression 
Both amateurs and broadcast listeners 
have learned how difficult it can be to 
cope with two intractable sources of 
electrical interference: car ignition 
systems and domestic TV. 

A team at Stanford Research Institute 
have come up with a suggestion that 
could do much to reduce ignition 
problems: a modified form of sparking 
plug that by increasing capacitance 
between the centre electrode and the 
resistive lead to about 10 pF provides, in 
effect, a built -in low -bass filter. In IEEE 
Transactions on Vehicular Technology 
(February 1976) the team - R. A. 
Shepherd, J. C. Gaddie and D. L. Nielson 

- report that such plugs, if a manu- 
facturer would produce them, could 
result. in 13 to 20 dB additional suppres- 
sion, compared with conventional tech- 
niques, over the range 30 to 500 MHz. 
Earlier research by the same team drew 
attention to the wide variation in 
ignition noise radiated by different 
vehicles and even between different 
firings of the plugs. Some "super- noisy" 
vehicles were found to radiate 40 dB 
more interference than others. 

Interference radiated by television 
sets (sometimes called reverse -tvi or 
"ivt ") seems to have risen with the 
increasing use of switched -mode power 
supplies and greater deflection power in 
colour receivers, often ruining broad- 
cast reception below about 800 kHz and 
producing whiskery signals at line -fre- 
quency separation throughout the h.f. 
spectrum. While various "braid - 
breaker" high -pass filters in the aerial 
leads of the TV sets can 'sometimes' 
reduce radiation from individual sets, 
urban areas appear to be increasingly 
heavily polluted during popular TV 
viewing hours. 

ARRL and Citizens' Band 
Although one still finds among Ameri- 
can amateurs a deep dislike of many 
aspects of the CB scene, a notable 
attempt to heal the breach has been 
made by Richard Baldwin, W 1 RU, 
general manager of ARRL and secretary 
of IARU. He admits, in a QST editorial, 
the widespread interference caused by 
CB to television but also pays tribute to 
"some fine public work" by CB opera- 
tors. He believes that the big expansion 
has now brought into existence "a new 
breed of CBers interested in CB because 
it is a way of talking to someone - not 
because it is radio - to relieve the 
boredom of long trips and to keep 
posted on traffic conditions ". No longer, 
he suggests, is the bulk of CB operation 
from frustrated would -be radio ama- 
teurs who wanted to be on the air 
because of a hobby interest in radio but 
who did not want to learn the Morse 
code or pass examinations. He feels, 
however, that there are still some CB 
enthusiasts who become interested in 
radio communication as radio and who 
should be encouraged. 

This distinction between amateur 
radio and CB communication is 
something not always appreciated in 
the UK. The Council of the RSGB has 
stated that the Society will give no 
support to a 27 MHz communications 
band, partly because the press does not 
differentiate between licensed radio 
amateurs and the 27 MHz users. 

In the United States CB has reached 
the stage where the radio stores carry 
large stocks of mobile and hand -held 27 
MHz transceivers and the bookshops 
carry more CB publications (including 
dictionaries of CB slang) than books on 
amateur radio. It has become very big 
business but clearly both CB and 
amateurs would gain from keeping the 
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two types of activities entirely distinct. 
FCC are to attempt to move very low 
power CB hand -held operation to 
frequencies around 50 MHz. 

In brief 
One little known fact about that 
supreme recluse - the late Howard 
Hughes: at one time he held the 
amateur callsign \V5CY . The revival 
of an RSGB Radio Communications 
Exhibition this year in the London area 
has already been promised considerable 
trade support: it is to be held at 
Alexandra Palace from 10 a.m. to 8 p.m. 
on July 30 and 31, and 10 a.m. to 4 p.m. 
on August 1 ... For the first time in its 
63 -year history, the membership of 
RSGB has exceeded 20,000... The 1976 
convention of the British Amateur 
Television Club will be held on Satur- 
day, September 18, at Parkinson Court, 
Leeds University . . . ARRL are 
appealing for 100,000 new US amateurs 
by 1979, now that those who graduate 
from training courses held by affiliated 
clubs and societies will be able to obtain 
licences without the usual issuing 
delays ... Combined operational life of 
the Oscar 6 and Oscar 7 satellites now 
exceeds five years with Oscar 6 
clocking up 3'/2 years in service in April 
and Oscar 7 11/2 years in May ... Total of 
UK amateur licences had reached 22,789 
(class A 15,819; class B 5,843; class F 
(mobile only), 21; and television, 306) by 
the beginning of March ... Novice and 
Technician licences first came into force 
in the United States 25 years ago on July 
1, 1951. A current proposal for novice 
licences in Canada would provide c.w. 
only between 3700 to 3725, 7100 to 7150, 
21,100 to 21,200, 28,100 to 28,200 kHz 
with 150 -watts input. Licences would be 
issued for two years only and require 5 
w.p.m. morse, knowledge of regula- 
tions, adjustment, operation and care of 
radio apparatus; tests would be admin- 
istered by Advanced Class amateurs not 
related to the applicant... A German 
international "hamfest" is being held 
this year in a new location at Friedrich - 
shafen on Lake Constance between 
June 25 and 27 (details DARC, PO Box 
1155, D -3507, Baunatal, Federal Repub- 
lic of Germany) . . . The "National 
Wireless Museum" has opened, under 
the auspices of the Wireless Preserva- 
tion Society at Arreton Manor, near 
Newport, Isle of Wight, with early radio 
and television receivers, crystal sets, 
early loudspeakers, etc (10 a.m. to 6 p.m. 
on weekdays, Sunday afternoons) ... In 
the USA a new electronic- communica- 
tions museum at East Bloomfield, New 
York, contains over 25,000 pieces of 
equipment, including 7,000 valves (with 
an original 1905 Fleming diode given by 
The Marconi Company) and including a 
number of replicas of early amateur 
stations (including a 1923 station, 
W2AN, which operates on 1.8 MHz); 
early ship and coast stations are also 
reproduced. It is run by the Antique 
Wireless Association. 

PAT HAWKER, G3VA 
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Analogue to digital meter 
Circuit using I.e.ds or 11/2 -digit display 
by G. Kalanit, B.Sc., M.I.E.E. 

Rediffusion Engineering Ltd 

In level measurements such as signal 
strength in communication, an accur- 
acy of about ± 10% and a resolution of 
about 5% may be sufficient. For such a 
requirement an l.e.d. array may replace 
a conventional meter. The level is 
displayed as a moving bright dot, 
calibrated with an appropriate scale. 
The advantage of such a circuit is its 
clarity and its instantaneous display of 
varying levels. Mechanically it is robust. 
Its main characteristics are a resolution 
of half a digit, and a minimal consump- 
tion of supply power. The current drain 
is almost constant and used mostly 
(about 80 %) to illuminate the array 
l.e.ds. For applications where a digital 
display or level warning is also required, 
an output from the meter is described. 

Initially when the d.c. input level is 
low, Fig 1(a), transistors Tr, Tr2 and Tr3 . 

are cut off and transistors Tr01 , Tr02 and 
Tr03 are in a saturated state. Hence the 
l.e.d. for 0 is illuminated. Because of the 

voltage drop across Tro, base -emitter 
junction, there is not enough voltage 
drop across l.e.d. 1, and therefore it is 
not switched on. By the same reasoning 
l.e.d. 2 is also off. When the input direct 
voltage is raised sufficiently to switch 
transistor Tr, on, Fig. 1(b), transistor 
Tr01 cuts off and 1.e.d. 0 is switched off 
This results in l.e.d. 1 being on. With a 
further increase of input voltage, Fig. 
1(c), transistor Tr2 comes into satura- 
tion and cuts off transistor Tr02 and l.e.d. 
1. This results in l.e.d. 2 being switched' 
on. Hence, in the final state transistors 
Tr1, Tr2 and Tr6 are switched on, and 
only I.e.d. 2 is illuminated. The circuit 
may be described as a column of 
transistor pairs. 

The switching from one I.e.d. to 
another is not a snap action, and 
illumination from 0 to 1 to .2 is 
continuous. This means that halfway 
between 0 and 1, both l.e.d. 0 and 1.e.d. 1 

are lit together. Similarly halfway 
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between 1 and 2, 1.e.d. 1 and 2 are lit 
together. Because of the constant -cur- 
rent feed, the level of the illumination is 
halved for each I.e.d; however, the total 
level remains constant and the visual 
effect is to give a resolution of half a 
digit. 

A complete meter circuit is given in 
Fig. 2 for an eleven- l.e.d. array. A 
constant- current source of 20mA gives 
a fairly bright display. Fig. 3 gives a 
calibration curve of the circuit in Fig. 2. 
The curve slope is the meter sensitivity 
which may be defined as the increase in 
input voltage required to change one 
digit, i.e. i x R + V <,1 (Tr), where i, 

is the constant current through R, and 
Vs.,) (Tr) is the saturation voltage 
drop across transistor Tr. In the circuit, 
Fig. 2, for n values 1 to 10, sensitivity is 

20mA x 150 + 0.15V = 0.45V 

The fact that the sensitivity of each 

+12V 

Fig. 1 Circuit for an l.e.d. array display for use as an output level meter, e.g. signal strength meter, showing how the leas 
switch on in sequence as the input voltage is increased. Voltage conditions assume Vye of 0.6V and VCe of 0.1V. 
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input 
3 to 7'5V 

+12V 
22 to 27mA 

other T1 -p -r) 
transistors 

BC107 identical circuits 
for digits 

Fig. 2. Display using eleven l.e.ds. 
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7 

Fig. 3. Calibration curve for the display in Fig. 
2showing the input voltages required to light 
l.e.ds numbers 0 to 10. Points X represent a 
single l.e.d. when lit, points 0 represent two 
adjacent l.e.ds when equally bright; e.g. at an 
input of'5.6V both l.e.ds 5 and 6 are equally on 
and the error is about 0.12V. Full scale is 3.5V 
d.c. therefore error at full scale is 0.12 x 
100/3.5 = 3.4% 
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digit can be controlled with the value of 
the corresponding resistor, means that 
the meter may be easily employed in 
non -linear requirements. It was adapted 
to a newly developed r.f. calibrated level 
receiver. Response of the receiver 
detector output was plotted against a 
decibel varied input, shown in Fig. 4. 
The slope of Fig. 2 circuit was then 
adjusted with a new set of Ro to R10 
resistors, values of which are given in 
the table (see Fig. 4). Fig. 5 shows the 
total response of the receiver input r.f. 
level against the l.e.d. meter display. 
Hence the meter reads decibels with a 
resolution of ' /2dB. The l.e.d. display 
array is shown in Fig. 6. Adjacent to the 
10dB scale are the voltage level scales. 

Each display 1.e.d. requires two n -p -n 
transistors. The circuit of Fig. 2 requires 
a total of 24 n -p -n transistors. Arrays of 
n -p -n transistors are the obvious 
solution for a reduction in number and 
cost of active elements in the circuit. 
RCA type CA3086 is a suitable example, 
containing 5 n -p -n transistors. Because 
one of the transistors in the array has to 
be wired to the earth rail, only four out 

g_O 

Fig. 4. Graph showing how the 
selection of the resistors R0 to RI, 
allows the circuit in Fig. 2 to be used 
for a non -linear application; in this 
case an r.f. calibrated receiver. 

10 

9 

B 

cx 
7 

m 
6 

D 

o 5 

3 

2 

R70 16-5 

R9 16'5 

R8 15 

R 7 15 

R6 15 

R5 75 
R4 7-5 

R3 5-6 

R2 3 

R1 0 

R0 o 

, , , 1_ 

-10 -9 -8 -7 -6 -5 -4 -3 -2 
RF INPUT (dB rel. 100mV 

Fig. 5. Graph showing the response of 
the receiver input r.f. level against the 
Led. display when using the 
parameters described in Fig. 4. 
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t 
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-3 

Fig. 6. Typical display array 
for l.e.ds showing 0 to 10dB 
and equivalent voltage 
levels. 

Fig. 7. Modifications to Fig. 2 
to provide digital outputs. 
D= 0 when l.e.d. "n" 
is on. 
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Fig. 8. Typical modification to Fig. 2 

providing digital outputs 
arranged to drive a 
digital display of 1h digits. 

display 
driver B 

dec 
point 

An? o = D0-1 Dn 

D10 

Dg 

0 1mA 

0 AND 

OR 

B5= O= DO D1 +D1D2+----+D9 D10 
B0= B5 

of the five transistors can be used. 
Hence, six units of CA3086 must be 
employed, making a worthwhile reduc- 
tion in number and cost. 

The meter can be arranged to have 
digital outlets for systems which require 
level limits warnings. The basic circuit 
is given in Fig. 7. The 4.7 -ohm resistor in 
series with the diode, together, sense 
the l.e.d. current, and develop a voltage 
which switches on the p -n -p transistor. 

The 1k S2 resistor in series with the p -n -p 
transistor emitter limits the transistor 
current to 0.1mA, and therefore does 
not load the 20mA current source and 
disturb the I.e.d. chain switching action 
which depends on constant current, i.e. 
only 0.5% (0.1mA /20mA) of the con- 
stant current is drained away by the 
p -n -p transistor. In the circuit, the p -n -p 
collector current switches on a t.t.l. 
drive transistor (Trd). 

Fig. 8 demonstrates the use of the 
outlets to drive a display of Ph digits. A 
drive transistor is on when the corre- 
sponding l.e.d. number n is on, hence 
output D = 0 for I.e.ds being on. As the 
digit display units may also require a 
zero voltage to drive them on, it is 
convenient to use negative logic for the 
Boolean expressions of logic require- 
ments, as follßws: The 0.5 digit B is on 
only when two adjacent I.e.ds are on 
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together, otherwise 0.0 is displayed. 
Hence for zero input into B5 

B5= 0= D) +D1.D2 +.. . +D9.D10 

also Bo = E5. For the A digit, the 
requirement is that, number An is on 
only when Ao_D is switched off. Hence 
A = 0 = (I3 n_(l. D. For the 10 display, 
A10 is fed via a buffer to A) input i.e. 
digits 1 and 0 are on, and the decimal 
point is switched off. 

Automatic brightness control 
The light emitting diodes, in the meter 
example of Fig. 2, are driven with a 
constant current of 20mA to give a 
bright display suitable for outdoor use. 
Indoors, however, it would be desirable . 

to reduce the l.e.ds' current consump- 
tion to improve their life span. Also, the 
power of the battery source, in the case 
of portable equipment, may be saved. 

Truth table 
(negative logic) 
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1 1 1 1 1 1 1 1 

0 1 1 1 1 0 1 1 1 

0 0 1 1 1 0 1 1 1 

1 0 1 1 1 1 0 1 1 

1 0 0 1 1 1 0 1 1 

1 1 0 1 1 1 1 0 

9-0 1 1 1 0 1 

9.5 1 1 1 0 0 

10'0 1 1 1 1 0 

The earth rail of the meter circuit 
(Fig. 2) is lifted and re- connected to 
earth via a saturated transistor Tr6 
(Figs. 9 & 10) which acts as an on /off 
switch. Transistor Tr6 is switched 
on /off by astable multivibrator Tr3, Tr4, 

1 1 1 0 
1 1 1 0 

1 0 1 1 

o 

o 

at a rate of 66Hz to 630Hz. The on time is 
fixed to 1.5ms duration (see waveforms 
in Fig. 9). The off time is variable and is 
inversely in proportion to ambient light. 
Thus, we have a pulse- width -modulated 
multivibrator controlled by ambient 

-+12V dc. 

ambient 
light 

DARK t_J 
(109.on) 

mS 

BRIGHT 

(95/ on) 

BRIGHT 
ADJ. 

13 5ms 

Fig. 9 Light modulated 
astable designed to provide 
display brightness to suit 
ambient light conditions 
and reduce power 
consumption to a minimum 
by altering mark -space ratio 
of the meter supply. 
*light- sensitive transistor is 
made by taking the top off 
a BC109C. 

to 
oscilloscope 

E 

two BC109C transistors,one with 
it's top removed 

Fig. 10. Modification to Fig. 2 to include 
supply switching for power saving. 

oft 

on 

off 

on 

off 

on 
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light with a variable mark to space ratio 
from about 5% to 98%. In practice it was 
found that a ratio range of 10% to 95% 
was adequate. 

Transistors Tr3, Tr4 are connected d.c. 
wise as a Schmitt trigger with input at 
junction C1, R1. The off /on switching 
voltages at Cl, R1 are approximately 
+8V and + 10.5V. The timing of the 
sawtooth which occurs at C1, R1 is 
controlled by C1 and the independent 
mark and space charging and discharg- 
ing circuits. The mark time is determin- 
ed by the discharge resistor R2 only, and 
lasts 1.5ms. The space time is controlled 
by the charging current through Tr5 and 
Tr2. The current amplitude depends on 
the ambient light affecting the light 
sensitive transistor Tr1. The brighter the 
light, the larger the charging current 
and the shorter is the space time. The 
space 'dark' charging current is 
determined by R3 to be 13.5ms (Tr2 is cut 
off). 

During the mark time, when Tr4 is on, 
Dl is on and Tr5 is off. During the space 
time, when Tr4 is off, D1 is off and Tr5 is 

on, giving complete independence of 
mark and space time control. Potentio- 
meter R4 controls the direct voltages at 
which the on /offs occur; this it controls 
the 'dark' mark -to -space ratio. Poten- 
tiometer R5 controls the d.c. gain of 
transistor Tr2; thus it controls the 
`bright' mark -to -space ratio. 

The astable current consumption is 
0.4mA indoors at 10% duty cycle and 
2mA outdoors at 95% duty cycle. The 
total meter circuit consumes only 2.6 to 
3.3mA indoors at 10% duty cycle, and 23 
to 27mA outdoors at 95% duty cycle. 

The lowest frequency of the astable 
was chosen to be 66Hz to avoid flicker 
effect. The cycle length is 15ms, there- 
fore the maximum mark time of 10% 
duty cycle is 1.5ms. 

To see how well the l.e.ds follow the 
input waveform, a photosensitive probe 
(see inset in Fig. 10) was placed in front 
of an illuminated l.e.d. in the meter 
array. The waveform was then display- 
ed on a double -beam 'scope together 
with Tr6 collector waveform. The 
waveform from the probe was delayed 
by about 0.1ms with a rise and fall time 
of about 0.1ms. 

Acknowledgment. The astable circuit 
was suggested by Messrs. H. L. Baker 
and J. W. Sinclair of Rediffusion 
Engineering Ltd., who used an op -amp 
type LM3900. The above design follows 
the basic circuitry of the LM3900 but 
consumes less current. A similar circuit 
employing an op -amp is also shown by 
A. Cantori in Electronics Letters vol. 9 

1973 no. 7, p.158. 

FM tuner designs 
Further details of construction 
and alignment 
by D. C. Read, B.Sc. 

As the result of experience gained in 
building what might be termed produc- 
tion models of the f.m. tuners described 
recently in Wireless World (March and 
April), the following information on 
construction and alignment is given, 
together with suggestions for possible 
modifications and: component 
alternatives, and some corrections to 
details already published. 

As a board layout was arranged to 
take specific capacitor types, further 
details are: 
CI, C6, C15 - polystyrene 2 per cent types 
were used originally but disc ceramic 
capacitors are also suitable; 
C20, C2(a, C21b - polystyrene; 
C24, C25, C26 - polystyrene (these 
low -pass filter components need to be 
as accurate in value as possible); 
C4, C32, C33 - 10 per cent polyester, e.g. 
Mullard type 334. 
On the p.c. board supplied for the tuner 
there are two positions marked for each 
of C32 and C33. This provides for 
additional components to be installed so 
that the theoretical 75µs de- emphasis 
time -constant can be obtained very 
accurately if necessary. Unless other- 
wise specified, the remaining capacitors 
are either disc ceramic or tantalum 
types, the last- mentioned being markéd 
with polarity on the circuit diagrams. 

Push -button assemblies 
Push- button switch assemblies may be 
used, but remember that as these are 
generally equipped with high -value 
adjustment resistors (100k52 per sec- 
tion), the reservoir capacitors, C42 to C48 
in Fig. 1, would not then be suitable 
because tantalum capacitors are sub- 
ject to considerable variation of leakage 
current with change in temperature. 
They are unsuitable for use in a 
high- resistance circuit within an a.f.c. 
loop; given a modest change in temper- 
ature, the resulting frequency bias 
created by the consequent change in the 
tantalum characteristics could so offset 
the a.f.c. system as to prevent it giving 
satisfactory overall control. 

As a compromise, disc ceramic capa- 
citors of, say, 220nF could be used in 
these positions to provide a small but 
useful reservoir effect. Note, however, 
that without the decoupling action of 

the 221.LF components, the tuning -vol- 
tage feed to the LP1186 module is more 
liable to pick up hum and noise inter- 
ference and hence allow spurious 
modulation of the received signal. Thus, 
if a push- button unit remote from the 
tuner is installed, it is good practice to 
screen this feed and /or ensure that it is 
kept well away from possible sources of 
interference, e.g. mains wiring. When 
loaded with the high- resistance selec- 
tion circuit, the tuning voltage regula- 
tor diode, D4, may be fed with much 
more current than is needed to carry out 
its control function. In this event, R44 

could be increased, say to 10012. 

AFC circuit 
In Fig. 5 (April issue) a 3.3µF capacitor 
was specified for C6 in the a.f.c. line from 
pin 7 of the CA3089E demodulator. This 
is an unnecessarily large value because 
the feed only carries an appreciable 
audio component under off -tune condi- 
tions. A smaller, and hence cheaper, 
component, say a 470nF disc ceramic or 
polyester capacitor, would suffice. 

Too large an a.f.c. range can be a 
disadvantage because of station -jump- 
ing. If four diodes, arranged as two 
series pairs connected back -to -back in 
parallel, are placed across points 1 and 2 
in the a.f t . circuit, the positive and 
negative voltage excursions are limited 
each to about 1.2 volts so that the 
maximum possible tuning frequency 
change under a.f.c. action is always less 
than the minimum channel separation. 

The other modification concerns 
extension of the a.f.c. sensitivity control 
as a front panel facility. This can be 
done by making Ry a variable compon- 
ent, still connected between points 1 

and 2, but with R8 taken to the slider. 
Such an arrangement then enables 
reduction in sensitivity to be carried out 
manually whenever necessary but does 
not prevent the voltage changes 
appearing across R9 from being used to 
operate the l.e.d. indicator circuit 
detailed in Fig. 4 of the March issue. 

Muting circuit 
In at least one of the advanced tuners so 
far built and aligned, the CA3089E 
muting output from pin 12 took the 
form of amplitude- clipped noise instead 
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3dB 300kHz stopband 
Filter type bandwidth rejection loss 
Vernitron FM4 235kHz 30dB 40dB 
Toko CFSA 300kHz 20dB 30dB 

of varying d.c. The interconnecting 
circuit feeding the muting input on pin 5 
then produced an average of this output 
which was not sufficient to operate the 
mute when required. As the i.c. gave a 
satisfactory performance in all other 
respects, it was worthwhile making a 
suitable circuit change to correct for the 
abnormality. The circuit published in 
the April issue was therefore modified 
to give an increased output by discon- 
necting the existing circuit between 
pins 12 and 5 and connecting a 1N914 
and 50k0 potentiometer in series 
between pins 12 and 5 (anode to pin 12). 
Connect C21 between pin 5 and the 
zero -volt line. 

Aerial coil 
The aerial coil, L1, used to feed incoming 
signal to the tuned r.f. stage in the 
advanced version is constructed as 
shown below. Note that the total 
number of turns on this coil is 7, not 81/4 

as stated on page 50 of the April issue. 
Cut Neosid 6mm former to about 

14mm. 
Wind on 7 turns 22 s.w.g. tinned 

copper wire, equally spaced out to 
11 mm. 

Remove former, tap at 11/4 turn 
from start, open turns adjacent to tap 
to avoid shorting. 

Re -insert former and centralise. 
Screw in core together with p.t.f.e. 
tape. Coat with Denfix or nail var- 
nish. 
In some examples of the advanced 

version, CI may not be required because 
stray capacitance and the input capaci- 
tance of Tr1 added together are suffi- 
cient. 

start 

direction 
of wihding 

Ceramic filters 
Difficulty has recently been found in 
obtaining the Vernitron filters specified 
for FI and F2 in both versions. Fortuna- 
tely, ceramic filters from the Toko type 
CFSA 10.7 range are readily available. 
These replacement components offer a 
performance which is not quite as good 
as that of the Vernitron FM4, but it is 
generally adequate for the tuners 
described. The Toko units are also 
cheaper - about half the cost. 

If these alternative filters are used, a 
small change in Fig. 1 circuit values 
would be required because the amount 
of overall phase response correction 
given by C28 and R27 in the- Tr2 /Tr3 
amplifier is no longer suitable. The 
values should be changed to 3.3nF and 
2.4k52. Resistor R27 can be adjusted on 
test to obtain up to 38dB channel 
separation from 1 to 5kHz. 

Adjustment of L, 
The quadrature -phase signal derived for 
both demodulators, TAA661B in the 
simple version and CA3089E in the 
advanced version, could optionally be 
produced by means of a double -tuned 
coil at 1.5. When setting the two cores of 
l3 so as to take the best possible 
advantage of the linearizing effect of 
current in the dummy coil, it is essential 
that the cores be kept as far apart as 
possible in the former, thus minimising 
changes in coupling between the coils 
when adjustment is made. The lower 
core is used to tune the mail L3 coil; it 
should initially be screwed in just 
enough to give as symmetrical an 
S -curve as possible. When this has been 
set satisfactorily, the upper core is 
added and screwed in enough to 
straighten the bend in the transfer slope 
as in the left hand trace of Fig. 2. More 
precise adjustment would require the 
use of a wave analyser or distortion 
meter. 

Corrections 
In Fig. 1 of the March article, R2 should 
be 1k not 100k0 and R65 should be 10k, 
not 12ko. The switch shown in broken 
line at pin 14 of IC3 is an optional 
component which operates as a can- 
cel- stereo shorting contact when 
closed. Note also that the common -cir- 
cuit line mainly joining Tr2, Tr3 and IC3 
should be labelled `0V' it is not a 
continuation of the + 4.5V line in the 
tuning selector circuit. In Fig. 5 of the 
April article R37 should be 4752 not 47052. 
In the p.c. board /layout diagram, R18 
(top, centre) should be shown as R13 and 
the unmarked component immediately 
to the left of R43 (centre, toward r.h.s.) 
should be marked D4. 

Receiving 
weak TV 
signals 
by W. H. Jarvis, 

Rannoch School, Perthshire 

With the aid of a grant from the Royal 
Society, we have been studying for 
years various approaches to the prob- 
lem of weak TV reception in a remote, 
mountainous area of Scotland. 

Some years ago, two licensed ama- 
teurs (one pupil and one teacher) set up 
a 10W f.m. transmitter operating on 
145MHz at a local beauty spot known as 
Queen's View, and showed that it gave 
good signal levels to about 800 potential 
listeners or viewers who at present have 
little or no signal. 

In tackling the problem of using the 
existing very weak signals, we have 
until recently been without a calibrated 
signal strength meter, so we modified a 
12V portable dual- standard TV receiver 
to give a meter indication of relative 
strengths (Physics Education, vol. 16 No 
2, p86). We bought a 44- element J -Beam 
for channels 10 and 11, and, whilst we 
failed to get an "enjoyable" IBA signal 
from either Kirk O'Shotts or Angus 
(Dundee), we did get consistent enough 
results to show that in highly wooded 
areas, the average signal falls in spring 
when foliage begins to appear, and rises 
in autumn when the leaves fall. In a 
separate experiment on amateur v.h.f. 
bands, we showed that horizontally 
polarised signals travel better through 
woods than do vertically polarised 
signals, and we attribute this to a 
greater average conductivity in the 
vertical direction when one is sur- 
rounded by damp trees. 

Intermittent work on trying to 
improve reception for local residents led 
to the installation of 3- channel colour 
through a piped system using 7 in -line 
amplifiers; unfortunately only one 
householder benefited, and no -one 
connected with the school could be 
served. 

In establishing a v.h.f. TV relay at the 
school (School Science Review, Sep '71), 
we found that even high -grade low -loss 
coax deteriorates rapidly as damp 
diffuses through the coating and die- 
lectric. 

We are now experimenting with a 
Signetics NE561 p.1.1. i.c, hoping to find a 
demodulating circuit which will give a 
higher signal -to -noise ratio with exist- 
ing signals (about 151.1V). 

In addition to thanking the Royal 
Society and Professor Lamb of the 
University of Glasgow, we would 
gratefully acknowledge the help of the 
BBC and the Post Office, and the loan 
of a signal strength meter from the local 
firm of K. Atter and Partners. 
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*; F]EI news 

0/i/if 
Earthquakes examined 

A satellite which looks like a giant golf 
ball has been launched by NASA into a 

5,900 -km high orbit to obtain informa- 
tion on the Earth's polar motion and 
crustal movements. The Laser Geody- 
namic Satellite (Lageos) will use laser 
satellite tracking techniques to make 
extremely accurate measurements 
which include minute movements of 
large land masses, called tectonic plates. 

Lageos carries an array of 426 prisms 
called cube -corner retroreflectors, giv- 
ing it the dimpled appearance of a golf 
ball. Retroflectors are three dimensional 
prisms that reflect light (in this case a 

laser beam) back to its source, regard- 
less of the angle of incidence. A laser 
pulse beamed from a ground tracking - 
receiving station to Lageos initiates a 

timing signal at the ground station that 
continues until the pulse is bounced 
back from the satellite and received at 
the station. By measuring this length of 

time, the distance between the station 
and the satellite can be calculated and in 
this way movements detected of the 
Earth's surface. 

New ESA ground 
stations network 

The European Space Agency ground 
stations network, controlled by . the 
European Space Operations Centre is 
now composed of two types of station; 
the v.h.f. stations (Redu and Fairbanks) 
and the "specialized" stations (Oden- 
wald, Fucino and Villafranca del Castil- 
lo). The Redu (Belgium) and Fairbanks 
(Alaska) stations form part of the 
network set up by ESRO in 1966 in 
relation to the orbits of the first 
European satellites which were mainly 
low and polar. The stations at Ny 
Alesund (Spitsbergen) and Port Stanley 
(Falkland Islands) which also formed 
part of this network, are now closed. 

Satcom II during 
tests of the 
antenna system 
at RCA's 
Astro-Electronics 

. Division, 
Princeton, New 
Jersey. The 
domestic 
communications 
satellite has 
recently joined 
Satcom I in orbit. 
It is capable of 
providing a 
communications 
service to 50 
North American 
states. 

At present Redu is performing track- 
ing, telemetry and v.h.f. telecommand 
operations for COS -B, launched in 1975, 
and ANS, a Dutch satellite also 
launched in 1975. This will be the main 
v.h.f. station for GEOS tracking and 
telecommand (due for launch in 1977) 
and back -up v.h.f. for Meteosat (1977), 
OTS (1977) and Marots (1978). Fair- 
banks is also participating in support 
operations for COS -B. 

The Odenwald station (Michelstadt, 
Germany) will acquire S -band data 
from GEOS. It will also collect, process 
and disseminate raw meteorological 
data from Meteosat. 

The Villafranca del Castillo station 
near Madrid will perform the acquisi- 
tion, scientific processing and control as 
well as the main support of the in -orbit 
operations of the maritime satellite, 
Marots (1978) and the aeronautical 
satellite, Aerosat (1979). The Fucino 
station near Rome, which is to perform. 
the control of the operations of the 
telecommunications satellite OTS 
(1977), is already equipped with its main 
antenna and will be operational in 1977. 

First Comstar in orbit 
The first Comstar 1 communication 
satellite that will relay telephone and 
television traffic within the United 
States, Alaska, Hawaii and Puerto Rico 
was launched from Cape Kennedy at 
the beginning of May. Each Comstar 1 

will be able to handle approximately 
14,400 telephone conversations or about 
twice the capacity of the satellites pre- 
sently operating. This has been 
achieved by a cross polarization tech- 
nique which allows re -use of the same 
frequency bands and therefore more 
efficient use of the r.f. spectrum. The 
British Aircraft Corporation has manu- 
factured a large part of the structure, 
solar arrays, cable harnesses and bat- 
tery packs for these massive satellites 
which stand 20ft tall. Cylindrical solar 
panels, covered with nearly 17,000 solar 
cells, provide the satellite with primary 
power of 570W. 

International 
magnetospheric study 
underway 

An international magnetospheric study 
is now underway which is to last several 
years and is expected to help scientists 
understand more about the magnetic 
field surrounding the Earth. Geos, the 
first geostationary research satellite of 
the European Space Agency is due to be 
launched this autumn and will contri- 
bute information to the study. The 
antenna of the Earth station for this 
project was erected near Michelstadt, 
Odenwald by Siemens and was recently 
handed over ready for service to ESA. 
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Letters to 
the Editor 

J 

TRAFFIC 
BROADCASTING 

1 have read your very interesting article in 
News of the Month (Wireless World May 
1976) concerning the BBC traffic service 
proposal. I should like to amplify a statement 
made in the final sentence, which deals with 
international aspects. 

The European Broadcasting Union, 
through both its Technical and Programme 
Committees, has been studying the use of 
broadcasting in helping the motorist for 
some time. The requirements vary consider- 
ably from country to country, and lack of 
precise knowledge on this aspect has so far 
precluded a firm recommendation for any 
particular system. However, their technical 
sub -group (of which I am a member) regards 
the West German v.h.f. system as suitable in 
the short term. They have also said that in 
the longer term where a dedicated service is 
required, the t.d.m. (BBC) system might be 
feasible. The BBC has now demonstrated 
that, technically, this solution is feasible. It 
also represents a cheaper and more efficient 
approach for the United Kingdom, although 
the full technical implications of interna- 
tional operation have not yet been examined. 

The proposal has clear advantages, but 
obviously to be successful it depends upon 
the organizations which obtain and process 
traffic information. This aspect and the 
interface with the broadcasting network are 
now being examined by the authorities 
concerned. This will, one hopes, lead to a 
public experiment. 
R. S. Sandell, 
BBC Research Dept., 
Kingwood Warren, 
Surrey. 

OUR DAILY BREAD 

The pay and status of engineers has been an 
issue - amongst engineers - for some time, 
but no amount of criticism of employers, or 
of railing at an unjust world, can alter the 
fact that we are paid what we are worth, at 
least in the eyes of the world. The unpalata- 
ble truth is that the supply of engineers 
balances the demand at the prevailing rates 
of pay: we are not, in general, seen as 
demonstrating any particular sense of 
responsibility, and we must face the fact that 
the standard of education necessary to 
function to a satisfactory level is not 
particularly high, in spite of pious attempts 

by our own establishment to make people 
believe so. If the pay demanded by a 
chartered engineer is too high, then his job 
can, and will, be done by someone else, with 
very few exceptions. 

I believe we have not accepted sufficient 
responsibility for the end uses to which our 
products are put, we tend to be too short 
sighted, too involved in the immediate 
problems of how to make something work, to 
worry about implications for the future. The 
engineering profession is very inward look- 
ing; we seem to split into two camps which 
seldom meet. The one camp concentrates on 
the job in hand, meeting the employer's 
specification, cost and delivery, but never 
worrying about the use of the end product; 
and the other camp sits on committees, in 
institutions, universities and colleges, consi- 
dering the engineering profession; its status, 
training and qualifications, occasionally 
handing down a sermon: the engineer must 
be broadly educated ", which is done by the 
addition of a class on "the engineer in 
society" or some such pretence: or perhaps 
"the engineer should join a trade union ", the 
latest edict! 

I suggest that we shall gain nothing from 
joining a trade union since we shall still be 
over -ruled by the giant manual unions, the 
power of which will continue to grow. They 
will not allow themselves to become the dog, 
wagged by the professional engineers' "tail ". 

The true answers, I submit, are two -fold. 
Firstly, we shall raise our status by demon- 
strating our responsibility and concern at the 
purpose and uses of those things which 
would not exist were it not for engineers; and 
secondly, we shall raise our pay, relative to 
the unskilled, only if we enter the political 
arena and join the battle to reduce the power 
of the unions, to get us out of the terrifyingly 
unstable situation we are now in. After all, if 
the pay of manual workers continues to 
increase at the expense of the professional, 
engineer, we shall reach the stage where we 
simply refuse to become professional engin- 
eers and all become manual workers, and our 
civilisation cannot exist in those conditions. 
J. C. Taylor, M.I.E.R.E. 
Heywood, 
Lancs. 

CURRENT DUMPING 
AUDIO AMPLIFIER 

1 have had many enjoyable discussions with 
P. J..Walker, M. P. Albinson, P. Blomley and 
R. C. Bowes in the quest for the ideal audio 
amplifier which would be totally free from 
audible distortion, have no adjustments of 
any kind, and be economical and straight- 
forward to manufacture. Numerous fascin- 
ating schemes have been considered, and 
assessing their overall relative virtues has 
been quite difficult - and indeed, at times, 
very perplexing. 

When the Quad 303 circuit was first 
evolved, it was evident that the very good 
linearity of the individual triples, resulting 
from their internal feedback, was, in a sense, 
being partially wasted, because the existence 
of some residual crossover distortion in the 
transfer of current from one triple to the 
other necessitated a large amount of overall 
feedback in addition. A superb performance 
is, of course, thus obtained, but one was left 
feeling that if only a circuit could be devised 
that would sense when both triples were on 
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together and apply extra negative feedback 
to prevent the gain from increasing, then a 
more economical design, preferably free from 
preset adjustments, might be possible. 
Countless hours were spent scratching 
around trying to solve this and related 
problems, and there were moments of elation 
when it was thought that an answer had been 
found. But then it turned out that the 
proposed solution, to work ideally, involved 
the concept of infinite loop gain - camou- 
flaged, maybe, as a requirement for a zero 
source impedance at some internal point in 
the circuit. In other words it turned out 
merely to be an example of Mr Halliday's 
"familiar assertion that the distortion can be 
made negligible by huge amounts of feed, 
back ". 

Then Peter Blomley's fundamental and 
excellent new idea came along' - a class B 
amplifier in which both halves of the output 
stage retained their full mutual conductance 
throughout the whole audio cycle. This 
seemed to me at first to be the total answer to 
the problem of an adjustment -free amplifier 
with first -class performance, and J did a good 
deal of very encouraging experimental work 
leading to simplified circuit designs. It 
became evident, however, that though the 
technique is basically absolutely sound, the 
major practical problem is to ensure that, in 
the absence of any kind of adjustments or 
selection of transistors, the quiescent current 
will fall within reasonable practical limits, 
albeit quite uncritical ones, without wasting 
too much output power in highish -valued 
output -stage emitter resistors, or requiring, 
somewhere in the circuit, transistors having 
closely- matched VI), values at a given 
current. Circuits using dual transistors, or 
i.cs, in the quiescent- current -determining 
circuitry, were inclined to become undesira- 
bly complex, though excellent results were 
obtainable. 

I tried to persuade Peter Walker, at an 
early stage, that Quad would do well to 
develop an amplifier based on the Blomley 
idea, but he and Michael Albinson, with 
remarkable intuitive wisdom, sensed that the 
economics of such an approach might well be 
lest than ideal, and they continued to 
investigate other techniques. The current - 
dumping scheme as conceived and developed 
by them seems to me to have an impressive 
elegance and economic "rightness" about it. 
Much of the practical success of the 405 
design is due to the master- stroke of making 
the class A amplifier into an integrator, with 
an inductor elsewhere in the circuit, but 
there is also the ingenious economy of 
making the integrator output transistor (Tr7 
in Pig. 4, page 56'l, December 1975 issue) 
function in addition as the driver for one of 
the dumper transistors. (For practical 
reasons the dumpers -off regime is displaced 
to one side of the zero -load- current state.) 

For the record, it may be mentioned that R. 
C. Bowes independently put forward a 
proposal for a current- dumping amplifier 
circuit, in which the current fed by the 
dumpers to the load was monitored not by a 
resistor directly in series with the load, but by 
small resistors in the collector leads of the 
dumpers. A negative- feedback voltage was 
derived from the sum of the voltage drops 
across these resistors, and values were so 
chosen that the gain of the system was 
independent of whether or not the dumpers 
were in action. So far as I can recollect, 
however, nothing comparable with the 
integrator- and -inductor scheme was 
envisaged. 

Having just completed a, chapter on 
amplifiers for the forthcoming Butterworths 
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publication "Radio, TV and Audio Technical 
Reference Book ", I thought some Wireless 
World readers might be interested in the 
simple explanation there given of the Quad 
current- dumping technique. It seems to me 
that this rather different approach has the 
virtues (a) that it is more directly related to 
very familiar ideas and (b) that it provides a 
simple and convincing physical argument 
that the scheme must work, without 
recourse to any algebra. I believe that it is 
always very much worthwhile to seek the 
simplest possible, sound, non -mathematical 
explanation of any circuit, to supplement the 
algebraic analysis which may already have 
been done. 

Consider first diagram (a). In the absence 
of overall feedback via R and assuming for 
convenience a resistive load, the transfer 
characteristic will be as at (b), giving gross 
distortion. With overall feedback, the 
transfer characteristic is much better, as 
shown at (c); but however much feedback is 
applied, it can never be quite perfect. Clearly 
what is wanted is to apply a little more 
negative feedback in the AB and A'B' regimes 
than in the AA' regime, thus equalizing the 
slopes in the three regimes. This is achieved 
with the (d) arrangement, in which R, 
receives a small extra voltage component 
(the voltage drop in RJ only when the 
dumpers are in action. If R, is made too large, 
there will evidently be too much extra 
feedback, and the gain will then be less in the 
AB and A'B' regimes than in the AA' regime. 
The correct value of R, will thus give exactly 

equal slopes, and there is clearly no need for 
infinite gain to exist anywhere in the circuit 
for this result to be obtained. 

If R2 is made yery large, the system will 
have a large forward gain and there will then 
be a lot of overall feedback. Consequently, 
even with R, =O, the characteristic shown at 
(c) will have nearly equal slope everywhere, 
so that a very small value of R4 is all that is 

then required for perfect slope equalization. 
Thus, if R2 is replaced by a capacitor, giving 
high forward gain at low frequencies only, 
the impedance element replacing R, needs to 
have an impedance which is very small at low 
frequencies but which increases in propor- 
tion to frequency to offset the effect of the 
falling forward gain introduced by C. An 
inductor is therefore required, as shown in 

(e). 
When the circuit shown at (e) is handling a 

high -level sine -wave signal, the voltage 
waveform at 'P' is, of course, very non -sinu- 
soidal, and it is therefore necessary for the 
class A integrating amplifier to have a clean 
performance up to much higher frequencies 
than the upper limit of the audio band. A very 
simple circuit is capable, however, of giving 
the required performance. 

One way to arrive at the correct choice of 
values for distortionless results with circuit 
(e), assuming a perfect integrator, is as 
follows. Consider first the ideal limiting case 
that the dumper stage is not only on, but that 
it has infinite mutual conductance. Then the 
incremental output impedance of the com- 
plete circuit is clearly that of R3 and L in 

R3 

n 

small Class AÁ 

amplifier 

d umper 
transistors 

(a) 

R1 _1 

(d) 
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parallel, fòr at the left -hand side of both of 
these elements we see the zero output 
impedance of an ideal feedback circuit. Now 
consider the other limiting case, where the 
dumpers are completely off, and work out the 
output impedance (or, more conveniently, 
admittance) of the circuit which then applies. 
It will be found that if L is made equal to 
R,R3C, this output impedance is equal to that 
of L and R3 in parallel, as before. Now any 
system with a distortionless no -load output 
voltage, and an output impedance indepen- 
dent of loading, must be distortionless. 
P. J. Baxandall, 
Malvern, 
Worcs. 

1. Blomley, P., "New Approach to Class B 

Amplifier Design ", Wireless World, Feb. 
1971, pp. 57 -61 and March 1971, pp. 127 -131. 
(Also in Wireless World "High- Fidelity 
Designs" book.) 

In the April issue of Wireless World, Mr P. G. 
Walker tries to prove that the feed -forward is 
linear, referred to the input. It would then be 
possible for the A gain (or G,,,,) to be 
arbitrarily low and the current dumping to be 
linear at the same time. This is not the case. 
The error in the top figure on p. 55 is that it 
does not show the interaction between G,,,, 
and G,,;, If G,,,, is nonlinear it is impossible for 
G,,,, (or A) to have a linear voltage and 
current gain consistent with linear load 
current. During the cross -over instant, when 
the power- section is cut -off, the total gain is 
only ARL/(Z3 +R). During the remainder of 
the cycle the gain is A, because the 
power- section has approximately unity 
voltage gain. This causes some cross -over 
distortion if the gain of A is not infinite. No 

(b) 

Vi 

( resistive load 
assumed) 

() 

(e) 
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more proof is needed to show that the 
feed- forward is not linear, referred to the 
input terminals. 

One may look a little closer at the 
non -linear feed -forward, or shall we say, 
non -linear gain, assuming the existence of 
one of the following extremes of A and the 
power- section. Independent of how the 
amplifier A is fed back, it may have one of the 
extremes of voltage or current feedback or 
no feedback at all. Amplifier A may thus, by 
design, have a constant -voltage or con- 
stant- current output. 

Constant -voltage output in series with Z 
a constant G,,,, - as long as Tr, and Tr, 

take no input current. But when they draw a 
base current comparable to the current in Z 

G,,,, is no longer constant. Constant 
current generated by A has the same error. 
The conditions for constant G,,,, do not exist 
as long as Z, is connected in parallel to the 
variable input impedance of Tr, and Trz. In 
other words there is no way to make A linear, 
which was required to make term 1, disappear 
from the equations. Since there is no linear 
relationship between the output voltage and 
the output from amplifier A, the "rigidity of 
interconnection" is missing, as pointed out 
by Mr A. Sandman. 

The current dumping method acquires a 
linear feedback current, i.e., it is proportional 
to the total output current, but this goal can 
with the same merit by arranged by common 
voltage feedback (assuming constant load) 
as shown by Mr J. G. Bennett. The feedback 
from each output path is made proportional 
to the output current in that path. This holds 
both statically (feedback resistors only) and 
dynamically (feedback resistors, capacitors 
and inductors are used) because of the design 
rules suggested by P. J. Walker: 

feedback current_ Z,- Z4- 
output current Z2 Z, 

That is: 1 mA of output current (or I mA /ps) 
causes k-1 mA feedback current, whether the 
current is sensed by Z, or Z4. In addition, 
there is only one summing point. The audio 
amplifier can not sense from where the 
feedback signal originates - all the output 
current branches being equally weighted by 
the rule of design. The forward linearity will 
not be changed by the divided feedback 
loops, since the same input voltage differen- 
tial V' is needed to drive the current I sand the 
base current of Tr, and Tr, irrespective of 
how the feedback is taken. 

The current dumping method would be 
unique if the feedback network could 
separate the different output paths. But it 
cannot, and the mode of operation is not 
different from one feedback resistor sensing 
the output current or output voltage or parts 
of both. The use of reactances, as in Fig. 2 in 
Walker's first paper, causes the feedback to 
increase with the frequency in the same way 
as if the single feedback resistor is shunted by 
a small capacitor. There is one implicit 
feature - that of current continuity, accgm- 
plished by Z If Z, has a low impedance, any 
non -linear amplifier would be less non -linear. 
The existence of Z,, causes an improvement, 
but not a change of nature of the amplifier. 

One arrives inevitably at the conclusion 
that the current -dumping scheme has the 
same forward nonlinearity and identical 
feedback collection of output current infor- 
mation, as an ordinary amplifier with zero 
bias current and with the same amount of 
feedback. In fact there is no difference at all. 
Bengt G. Olsson, 
Xelex AB, 
Stockholm. 

THE WALLTEN NA 

Any reader who is offended by unsightly 
roof -top TV antennae should consider 
another alternative before starting to strip 
the wallpaper (The "Walltenna ", WW May 
1976 pp 57 -59) - the screened loop. This gives 
me excellent colour TV reception in condi- 
tions where a commercial' wide -band Yagi 
array (folded dipole, reflector, and 21 
directors) gave excessive ghosting, and gross 
deterioration of the picture in bad weather. 
My house is about 50 km east of Crystal 
Palace, on high ground but surrounded by 
tall trees, which clearly provided most of the 
multiple -path interference. A two -turn 
screened loop mounted horizontally in the 
loft below the ridge -beam of the roof solved 
all my problems, and was very easy to make. 
The last two metres of the coaxial cable to 
the receiver were coiled to form two turns, 
and lashed with adhesive tape. A short length 
of the outer insulating sheath adjoining the 
loop was removed to expose the braided 
screen, and a copper -foil clip clamped round 
it: the free end of the cable was stripped and 
the screen cut back, the centre conductor 
being connected to the clip. The result is a 
loop antenna, having two turns fully elec- 
trostatically screened from each other and 
from interfering sources. The improvement 
in picture quality was sensational, and my 
chimney stack is now unadorned. The feeder 
to the receiver was dropped inside a cavity 
wall to a flush socket in the living -room, so 
the installation could not be neater. It is 
baffling that screened -loop antennae are not 
more widely used: in areas reasonably close 
to a transmitter they offer a far tidier 
roofscape, and less chance of ghosting from 
mutual interference. 
David T. Broadbent, 
Chatham, 
Kent. 

PHASE AND SOUND 
QUALITY 

I hesitate to proliferate the correspondence 
on phase distortion, but there were letters 
published in the April issue worthy of 
comment. 

Analogies between eye and ear can be 
interesting, although I am not sure that they 
are always constructive; specifically, the 
suggestion that parallels may be drawn 
between colour perception and the analysis 
of chords (even "broadly speaking ") is quite 
wrong. I assume that when Mr Gamble refers 
to the presentation of a harmonic interval, 
such as a major third, he means that the 
tones are to be played simultaneously, 
otherwise the analogy will bear even less 
resemblance to the mixing of primary 
colours. If two notes, reasonably separated in 
frequency, are played simultaneously, the 
ordinary observer can pick out the two 
components making up the chord. If he 
cannot do this he will most easily hear the 
upper note, but there is certainly no 
perception of some kind of average fre- 
quency, half way between the two. In vision 
the situation is 'entirely different. With 
suitable choice of intensities a mixture of red 
and green light, of wavelengths around 600, 
nm and 540 nm respectively, will look 
indistinguishable from a pure yellow of 
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intermediate wavelength and the spectral 
components will be invisible. 

A far better analogy is to be drawn 
between the way in which we hear auditory 
frequencies and see spatial frequencies, such 
as a region covered by stripes. There is strong 
evidence (e.g. Campbell and Robson, Journal 
of Physiology, 1968) that the visual system - 

analyses such stimuli in a manner equivalent 
to Fourier Analysis and it has been shown 
that a visual square wave (i.e. alternating 
dark /light stripes of equal width and with no 
merging through grey) invokes sensations at 
the third harmonic, as if there are stripes 
present three times as close. If stripes of high 
spatial frequency, with brightness varying 
sinusoidally, are displayed on a c.r.t. the 
contrast can be amplitude modulated at a 
lower frequency. This is exactly equivalent to 
amplitude modulating a high pitched tone 
with a lower frequency. In both cases, 
although the fundamental is not physically 
present, the low frequency, w_ hether visual or 
auditory, is perceived. 

In the same issue Mr Hodgkinson points 
out the many other sources of phase 
distortion that modify the wave form of a 
signal, apart from the loudspeaker. One that 
he does not mention is the outer ear flap"or 
pinna. The little folds of the pinnae produce 
delays 'and echoes in the sound, particularly 
at higher frequencies, where the wavelength 
is comparable to the fold size. Far from being . 

a nuisance to the auditory system the 
distortion of the waveform is a valuable 
direction- finding cue, since the effect varies 
with source /head angle. To extract a clear 
signal, when it is followed by multiple 
reflections, we use both ears. If readers care 
to listen to sounds in a fairly reverberent 
room and then cover one ear they will 
observe an increase in "boomyness." How- 
ever, they will still be able to judge source 
direction fairly well. If those keen enough 
now fill in the folds of their exposed ears with 
plasticine they will find a marked decrease in 
localising ability! Some listeners to dummy - 
head recordings do not at first find them 
particularly convincing, but with continued 
listening the reality grows. This occurs as the 
listener learns to hear with a new set of 
pinnae. Of course, surroundings will modify 
the spectrum of a sound too, but the 
distortion remains constant for a given 
frequency and source direction and the 
auditory system seems very quickly to cope 
with this, learning to treat it as a constant. As 
long as the phase distortions introduced by 
loudspeakers do not fluctuate arbitrarily 
over short time intervals, then there is no 
reason to suppose that we cannot listen 
comfortably to the results, which is not to say 
that, given the opportunity to make fairly 
quick alternate comparisons, we cannot hear 
a difference between two loudspeakers of 
differing phase linearity. 
Peter Naish, 
University of Reading, 
Berks. 

Being a hi -fi enthusiast myself I have 
followed the arguments for and against the 
audibility" of phase distortion in audio 
program material with much interest. To 
some extent I was hoping that this illusive 
but controversial effect may explain the 
differences in sound from systems which are 
not borne out by differences in specifica- 
tions. The case for phase linearity in 
loudspeakers is obviously dubious by virtue 
of the preceding stages in the process from 
recording to the output terminals of the 
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amplifier, none of which (with possible 
exception of the amplifier) are performed 
with phase linearity as a subject of cause. 

However it has intrigued me as to whether, 
given phase linear material applied directly 
to a loudspeaker, any phase difference gave 
rise to a difference in overall sound exper- 
ience of the listener. In the absence of any 
phase linear material it is possible to obtain a 
signal source from two sine wave generators 
and feed these directly into a loudspeaker via 
a mixer network whilst monitoring the 
waveform on a c.r.t. It must be realized that - 

this configuration obviates any of the 
negative arguments put forward by linear 
phase optimists that the effects are masked 
by the use of phase distorted program in 
subjective tests. It must be accepted that the 
sine waves from both generators, however 
pure or impure, are constant and phase 
distortion in a loudspeaker cannot exist 
(relative to constant listening position) when 
it is fed by a single sine wave without any 
fixed reference. 

If the levels of both generators are the 
same and they are set at 1kHz adjustment of 
generator B will cause enhancement and 
cancellation effects at a critical point on the 
scale. If generator B is then increased to 
2KHz and is offset sufficiently to allow it to 
drift gently in and out of phase with respect 
to generator A, the tone remains constant 
and apparently absent of aberations due to 
the constant drift of phase between signals! I 

have carried out this experiment at all 
harmonic multiples and at various levels and 
ratios of level with various loudspeakers and 
have so far failed to hear any relationship 
between the relative phase of the generators 
and the actual sound of the resultant 
waveform. 

However, if the resultant signal is seriously 
distorted by introducing a diode across the 
loudspeaker terminals, regular changes in 
sound, at the rate of changes in phase, can 
be heard at a few apparently arbitrary 
harmonics of the fixed generator A. It seems, 
therefore, that phase relationships of signals 
is only audible when the resultant composite 
signal is wildly distorted! This leads me to 
believe that, since all musical waveforms are 
made up of a complex combination of a wide 
range of sine waves, phase linearity cannot 
be heard or appreciated unless the output 
stages of the amplifier are clipping or half 
waving. And that the sound is then produced 
by the effect of the waveform meeting an 
insufficient threshold and is consequently 
incompleté? 
Paul A. Furindle, 
Norwich. 

Television tuner design 

Just a few points about the coil winding for 
D. C. Read's TV tuner. With regard to the pile 
wound centre -tapped coils, I presume it is 
best to wind them with a double strand of 
wire and make the centre tap the start. 

Secondly, I would like to mention ways of 
making a single layer unframed coil very 
firm. Of course one winds on a simple jig, as 
in Fig. 1. To give the coils extra firmness 
either double -sided sticky tape folded back 
over the coil or a double looped technique 
using dental floss can be used. Wire is started 
through loop E and wound over the 3 strands 
of floss and to finish passed through loop F. 

coil 
nail- former 

threaded 

[rod 

1 -n 
dental floss 

sticky tape 

l 
It l I, 

wire u 
A 

Then pulling end A will tighten the finish of 
the coil and pulling end B will tighten the 
start. It may help to attach the dental floss to 
the end with double sided sticky tape to start 
the coil. This makes a very firm coil. 
J. Rankin, 
Harpenden, 
Herts. 

Mr Read replies: 
I thank Mr Rankin for his helpful.coil-con- 

struction hints, particularly the one given for 
making secure winding ends. The doublé- 
loop, draw -through process will be well 
known and perhaps fondly remembered by 
any ex -Scout (or ex- Guide, for that matter) 
as the means to produce tidy 'whipping'; the 
extension of this technique to coil -winding, 
[especially with dental floss as the draw 
'string, is a very useful idea. 

I must, however, correct Mr Rankin's 
wrong supposition regarding the winding of 
centre- tapped coils. As the tuner circuit 
diagram (Fig. 2 Part 1) shows, the sense of 
winding in each instance is 'series- aiding', 
and for such an arrangement it is necessary 
to have the centre tap at a finish /start point 
(assuming the coiling sense to be the same on 
both sides of the tap). It would be possible to 
use bifilar winding on these coils much as Mr 
Rankin suggests, but the double start could 
not be used as a centre tap because the two 
halves would then be in series opposition. In 
fact, with the coils parallel wound like this, 
the centre tap must be formed by cutting the 
double start and joining one of the resulting 
free ends to a winding finish. 

But as most of the centre -tapped coils are 
used in the group -delay equalizer and this 
circuit is operating at an unusually high 
impedance of 750 ohms, this is not a 

satisfactory winding method because it 
results in excessive self- capacitance, with the 
danger of in -band self -resonant coils. 

As explained in the follow -up article. 
(Wireless World, April, page 83), pile 
winding is the best way to reduce coil 
capacitance and can be used for tapped as 
well as single coils. The diagram shows how 
the winding order is modified to enable the 
tap,to be brought out. 

63 

The tuned circuits L 10 (110µH) -C nand L 11 

(14µH) - C should resonate at 3MHz and L1, 

(3911H) - C32 and L13 (1211H) - C should 
resonate at 5.5MHz. Wind L with 23 turns, 
and not 31 as given in the parts list. The 
correct tuning for these inductors should 
obtain when the cores are turned back 
between 1 and 4 turns from the fully -in 
position. In case of difficulty in resonating La 
I9, the shunt capacitors can be reduced. 

The group delay network, L10 - L may 
add a small amount of stray shunt capaci- 
tance and cause a slight droop of the video 
characteristic - between 1 and 2dB - which 
can be compensated by adjustment of the 
optional equalizer circuit in parallel with Ru 
(see broken lines at Tr5 in Fig. 2, October 
issue page 450). 

A pack containing all the parts required for 
the tuner inductors is available from Manor 
Supplies (excepting the rubber cushion 
shown on page 83. Cut this from rubber' 
1 -2mm thick to a size of 13mm square). 

Finally, a small but important aspect of 
reception inadvertently not covered in the 
earlier articles should be mentioned. It 
concerns the high -order vision and sound 
carrier harmonics generated by carrier 
clipping diodes in the MC1330 demodulator 
and the discriminator circuit. Some of these 
harmonics, specifically from the 12th to the 
20th, fall in bands IV & V, and, if picked up on 
the aerial input, could cause considerable 
interference. Obviously, it is good practice to 
have efficient screens at all low -level circuit 
points, especially at the ELC1043 aerial input 
connection. For this particular purpose, a 
Mullard accessory - called an immunity 
shield (part number 4313 132 01910) - is 

available. A satisfactory home -made alter- 
native can be constructed, however, by 
suitably stretching the screening braid of the 
incoming aerial co -ax so as to form a hood 
over the connection. As illustrated in the 
diagram below, this is most easily done by 

r_ 
2 -e. 

2 

il 

former winding space 

4 ' 
OG , 

O`r© o`, O 
O"ILO 

slanting T 
layers 

n/2 turn brought 
out as c.t. and - returned as 

(%2+1) turn 

A 

braiding expanded cable 
and soldered 

strap 

centre conductor wire frame with feet 
to input soldered to tinned casing 

last 
turn 

bending a small piece of wire (about 20 
s.w.g.) into an omega -shape and soldering 
this to the tinned cover. The braid end is then 
pulled over and round the frame as shown 
and then soldered, allowing small amounts of 
solder to run over the braid to strengthen the 
hood. 
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Digital multipliers and dividers 
Summary of circuits in set 31 of Circards 
by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams 

Paisley College of Technology 

Many transducers used in the measure- 
ment, or as a monitoring function, of 
physical processes deliver digital signals 
in the form of a pulse -rate. This sort of 
information is usefully processed by 
rate -multipliers which are available as 
m.s.i. circuits, both in t.t.l. and c.m.o.s. 
Their range of application is wide, 
covering numerical control, digital 
filtering and frequency synthesis, to 
name a few. When combined with 
up -down counters, rate -multipliers 
may perform arithmetic functions such 
as multiplication, division, square-root- 
ing and integration. 

Basically, a rate -multiplier generates 
an output pulse -rate or frequency 
which is proportional to the product of 
two inputs, one of which is a clock 
frequency fc, and the other, an n -bit 
binary or binary- coded -decimal integer. 
M is the programmed number, with 
N =2^ -1, and the output pulse rate is 
ff.M /N where N >M, so that the 
output rate is always less than the input 
pulse rate. Usually the rate -multiplier 
produces a train of unevenly- spaced 
pulses, but this is not too critical when 
the output rate is time -averaged to the 
correct fractional rate of the input pulse 
train. 

This type of multiplier is useful under 
conditions where variable input pulse 
rates are to be multiplied or divided 
on -line. For example, an unknown input 
frequency can be compared against a 
rate -multiplier output and on the result 
of the comparison, a counter can be 
made to count up or down until a stable 
result is acquired, which will relate to 
the unknown quantity. This is usually a 
counter /multiplier closed loop which 
allows fairly straightforward imple- 
mentation. Discrete and m.s.i. forms 
with applications are covered in three of 
the cards of this set. 

Card 8 considers a simpler frequency 
ratio ratemeter to provide an analogue 
output signal proportional to the ratio 
N, /N2, where N, and N2 are the average 
rates of two input pulse trains, but this 
requires additional constraints on the 
ratio that can be recognized. Normal 
frequency division with m.s.i. counters 
provides output pulse trains which are 

not symmetrical, whereby with fairly 
simple external gating, card 7 summar- 
ises techniques for obtaining a range of 
dividers which always produce symme- 
trical outputs. 

Stochastic multiplication is reviewed 
in card 4, with a novel delta -sigma 
modulation technique using probabilis- 
tic principles being discussed on card 6. 
The specific application arranges for 
squared and cubic outputs proportional 
to an analogue input, but demanding a 
synchronous clock- drive. Another m.s.i. 
package for implementing cellular -ar- 
ray structures provides for 2 bit by 2 bit 
multiplication, and is shown to be 
extendable to increased bit manipula- 
tion by straightforward interconnection 
of the i.c. packages. To conclude this 
short summary of Set 31, a digital /ana- 
logue monolithic 8 -bit d -a converter is 
shown to provide a fairly simple tech- 
nique for multiplying two -binary 
numbers and giving an analogue output 
voltage or current proportional to the 
result. 

Titles of cards in this set are: 

1 monolithic d/a multiplier 
2 2 x 2 bit binary multiplier 
3 binary rate multiplier 
4 stochastic multiplication 
5 dual -slope a/d multiplier 
6 LIE modulator probability multiplier 
7 symmetrical programmable divider 
8 pulse ratio measurement 
9 applications of rate multipliers/ 

dividers - I 

10 applications of rate multipliers/ 
dividers - II 

How to get Circards 
Order a subscription by sending £18 for 
a series of ten sets to: 

Circards 
IPC Electrical- Electronic Press Ltd 
General Sales Department, Room 11 
Dorset House 
Stamford Street 
London SEI 9LU 
Specify which set your order should 

start with, if not the current one. One 
set costs £2.00, postage included (all 

countries). Make cheques payable to 
IPC Business Press Ltd. 

Circard sets available 
1 active filters 
2 switching circuits (comparator 

and Schmitt circuits) 
3 waveform generators 
4 a.c. measurement 
5 audio circuits (equalizers, etc.) 
6 constant -current circuits 
7 power amplifiers (classes A, B, C, 

D). 
8 astable multivibrator circuits 
9 optoelectronics: devices and uses 

10 micropower circuits 
11 basic logic gates 
12 wideband amplifiers 
13 alarm circuits 
14 digital counters 
15 pulse modulators 
16 current -differencing amplifiers - 

signal processing 
17 c.d.as - signal generation 
18 c.d.as - measurement and 

detection 
19 monostable circuits 
20 transistor pairs 
21 voltage to frequency converters 
22 amplitude modulators 
23 reference circuits 
24 voltage regulators 
25 RC oscillators -1 
26 RC oscillators -2 
27 linear c.m.o.s. -1 
28 linear c.m.o.s.-2 
29 analogue multipliers 
30 non -linear circuits 
31 digital multipliers and dividers 
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Surround sound decoders -2 
Assembly, setting -up CD -4 unit, cartridge notes 

David Heller, B.Sc.(Eng.) 

This article includes performance details of a CD-4 decoder using the QSI i.c., which 
includes preamplifier, phase -locked loop demodulator, a.n.r.s. expander and muting circuits. 
Spectrum analyser traces show performance of record- cartridge- decoder system for various 
extended -response cartridges. Subsequent articles by the same author will give circuits for 
QS and SQ surround sound decoders. 

The construction of the demodulator is 
straightforward, but note the following 
points. Solder the link wires whose 
positions have been silk -screened on 
top of the board after soldering resistors 
into position, but before soldering the 
remaining components. Do not apply 
too much heat to the polystyrene 
capacitors; these 30 volt devices are 
closely wound and excessive heat will 
short the layers together. 

The 12mH, 15mH and 18mH inductors 
are variable inductors which have been. 
preset. They are either marked with 
their values or colour coded with paint 
(red - 12mH, green - 15mH and grey - 18mH). On no account should the pot 
cores be adjusted and each coil should 
only be handled by its case so as not to 
disturb the core. 

Use insulated wire to connect 
remaining links (marked A to A, B to B, 
C to C, D to D, E to E, F to F, G to G and 
H to H on the board). These connections 
are best made on the copper side of the 
board. 

In connecting the signal input to the 
board (points h and i on the switches to 
points h and i on the board), use 
screened cable but only earth one side 
of the lead. To stop possible r.f. 
breakthrough, loop small ferrite beads 
with three to four turns of wire and 
solder one end of this wire to the points 
on the board (marked h and i) with the 
other end going to the audio lead. 

Connect the points on the switch 
positions to the similarly marked points 
on the board using insulated wire. 
Again it is preferable to make the 
connections on the underside of the 
board. (The positions to be connected 
are b to b, o to o, c to c, x to x, d to d, m 
to m, e to e, l to 1. Points f, k, a and p are 
left unconnected.) The signal input 
leads to the selector switches are: tuner 
input to v (left) and w (right); auxiliary 
input to s (left) and t (right); tape input 

to g (left) and r (right), and disc input to 
g (left) and j (right). 

Care must be taken not to create an 
earth loop; in particular the input 
socket earth must not touch the chassis. 
A separate earth line should be run from 
the mains socket earth to the earth of 
the power supply. And the board should 
only be earthed in one position i.e. an 
earth wire is run from the earth point on 
the board to the power supply earth. A 

100nF capacitor should be soldered 
between the input socket earth and 
chassis. Run an earth wire from the 
chassis to the power supply earth 
terminal. 

Connections for switches SI are best 
"hard- wired ", depending on whether a 
magnetic or semi -conductor cartridge is 
used. (Note that on the p.c. board, the 
marking "51E" correspond to Sib in the 
circuit diagram. S4 on the board corre- 
sponds to S2 in the circuit.) 

When wiring is completed (do not 
forget the l.e.d. - anode to supply rail) 
mount the board in its box and connect 
up a regulated 13 to 14 volt supply line 
to the supply rail, but do not turn on. (A 
power supply is included in the kit 
available from Compcor; a circuit will 
be given with the next part and is 
suitable for the CD -4, QS and SQ 
decoders.) 

Setting -up procedure 
Connect the record player fitted with 
extended -response cartridge to the 
input jacks of the demodulator using 
low -capacity TV cable of approximately 
50pF /metre. Limit the cable length to 
maintain a total capacitance of 100pF or 
less. Run a separate earth wire from the 
chassis of the demodulator to a screw or 
chassis of the turntable. 

Switch on the equipment and place 
the pickup on band 2 of side 2 of the test 
record. If the demodulator is function- 
ing and either of the two phase locked 

loops are in -lock, the l.e.d. should glow. 
Adjust the 4.7k02 v.c.o. potentiometers 
so that the l.e.d. glows brightest. By 
turning the v.c.o.- adjust potentiometer 
(R51,157) to either of the extreme posi- 
tions, the l.e.d. will either go off or vary 
in intensity depending whether the 
other v.c.o. is in lock or out of lock. 

Turn the test record to side 1, band 3. 
This gives the same music played 
sequentially out of each speaker. Turn 
down the front volume controls of your 
amplifier. Adjust the 1k12 separation 
potentiometer (R9.109) of the preampli- 
fier for minimum loudness out of the 
respective rear channels when the 
announcer states the front channel 
sound. The announcer will state "left 
front channel" and music will follow. 
Adjust the left separation adjust to get 
minimum loudness from the left rear 
channel. Disregard the announcement 
of the rear channel music. Repeat the 
process for the right front channel 
announcement, this time tuning for 
minimum right rear channel loudness. 

Alternatively, the white noise source 
on band 2 can be used. This is fully 
explained on the test record. Return to 
side 2 of the test record and place the 
cartridge anywhere from band 2 

onward. Turn the balance control first 
to the left side and adjust the left hand 
side v.c.o. control for minimum distor- 
tion. Repeat the process with the 
balance control set for the right hand 
side. 

Extended- response cartridges 
The following nine cartridges were 
tested: Tenorel 2001SD, Audio Technica 
12S, Nagaoka JT322, JVC 4MD20X, B & 

O MMC5000, B & O MMC6000, JVCX1, 
Pickering UV152400 and Pickering 
XUV4500. Each cartridge was tested in 
an SME arm with detachable headshell. 
Tracking weights between lgm and 
3gm were chosen depending on the. 
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various manufacturers' recommenda- 
tions. Using side 1, band 3 of the test 
record, the separation control was 
adjusted for minimum level out of each 
of the rear speakers. 

Side 1, band 2 of the test record 
contains CD -4 encoded white noise. 
With the aid of an audio spectrum 
analyser, kindly loaned by Hewlett - 
Packard, the spectrum level of the front 
channel was measured and stored on 
the display. The analyser was then 
connected to the rear channels and the 
same passage of white noise was 
replayed and the spectrum level 
recorded on the lower trace. 

The accompanying photographs, Fig. 
11, show the relative levels between 
front and back for the left hand 
channels only, the top trace being the 
front channel and the lower trace being 
the rear channel. The difference in level 
is thus the separation obtained from the 
disc encoded mat rial through the 
cartridge and demodulator. 

Performance 

Input 
level 0.7 to 14mV 

Input impedance 
magnetic 100k51 
semicon- 
ductor 2.2k51 

Output 
level 300mV 

Output 
impedance less than 20051 

Amplitude 
response 
baseband 
system 30Hz to 15kHz, -3dB 
carrier 
system 30Hz to 12kHz, -3dB 

Harmonic 
distortion 
baseband less than 0.2 %, at 150mV output 

(typically 0.05 %) 
carrier 
channel less than 1%, at 150mV 

output, 1 -10kHz 
Power 

supply 12 to 15V, 130mA max 

20 50 100 200 500 1k 2k 5k 
FREQUENCY (Hz) 

Fig. 13. Front -back separation 

10k 

measured using test bench generator. 
Sum signal delayed by 45µs with 
reference to the carrier signal. 

Separation 
front - 
back 

20k 

>30dB at 1kHz. See fig. 13 
for system separation 

left - 
right 60dB at 1kHz 

S/n ratio' >60dB 
'Measured using a virgin test record, 
containing an unmodulated and modulated 
(1kHz) carrier together with 1kHz baseband 
signal. 

Components 

Resistors All 1/4W 5% 

R46, 146 4.7k 
R47, 147 4.7k 
R48, 148 4.7k 

C25, 126 0.4711 16V E 

C27, 127 2.2n PC 

C29 128 0.68 PC 
carbon film R49 149 47k C29 129 4.711 16V E 

R50 1.8k C39 130 960p PS 

R1, ,o, 47k R51, 151 560k C31, 131 3.9n PS 

R2, 102 100k 852 330 C32, 132 3.1n PS 

Ry 103 10k R53, 153 2.7k C33, 133 3.311 16V E 

R4, 104 150k R 54, 154 1k C34, 134 3.311 16V E 

R. 105 15k R55, 155 330 C135 10011 10V E 

R6, 106 15k R56, 156 56k C36 136 10n DC 

R7, 107 15k R57, 157 4.7k C37, 137 6.2n PS 

R8, 108 2.2k preset C38, 138 800p PS 

R. tos 1k pot R 55 158 10k C3<y ,39 3.311 16V E 

Rio. 110 20 R59 159 10k C49 140 68p DC 

R11, in 2.2k R6a 160 10k C41, 141 10n DC 

R12, 112 20 optional C42, 142 6.2n PS 

R13, 113 330 R61, 161 10k C43. 143 800P PS 

R14, 114 

R1/5 

3.3k 
150k 

C44, 144 3.311 16V E 

C45, 145 68p DC 

R16 

R17, 117 

100k 
6.8k Capacitors 

C46, 146 10n DC 

C147 10011 10V E 

R19 118 

R19, 119 

R29 120 

8.2k 
7.5k 
15k 

Types E are electrolytic. PC Siemens B32540 
polycarbonate, PE polyester, PS 30V polystyr- 
ene, and DC disc ceramic. 

C48, 148 10011 16V E 

C49 149 3311 10V E 

C59 150 6.8n PS 

R21, 121 

R22, 122 

4.7k 
4.7k 

C,, 101. 3.311. 16V E 

C2, 102 20011 10V E 

C51, 151 1011 16V E 

C52, 152 100n DC 

R23, 123 

R24, 124 

R29 125 

4.7k 
8.2k 
4.7k 

C3, 103 4.7n PS 

C4, 104 22n PC 

C. ,05 0.4711 E 

C53, 153 68P DC 

DC 
C54, 154 10n 

DC 
C55, 155 10n 

RN, 126 1k C6, 106 33n PS C56, 156 68p DC 

R27. 127 27k C7, 107 2.2n PC 

R29 128 4.7k C8, 108 2.2n PC 

R29, 129 15k C9 109 8n PE 

R30, 130 

R31, 731 

220k 
15k 

Clo 110 450p PS 

C11, in 1.4n PS 

Semiconductor 
devices 

R39 132 4.7k C12, 112 1.6n PS IC,, IC,01 Signetics QS5022 
R33, 133 10k C13, 113 10n DC Tr, - Tr4, Tr1O1 - Tr104 BC208A 
R34, 134 220k C114 3.311 16V E D1, D101, 02, D,02 1 N4148 
R3s 135 3.3k C15, 115 2.7n PS light-emitting diode TIL209,. MLED650, or 
R36, 136 4.7k C,6, 116 2.1n PS similar 
R37, 137 4.7k C17, 117 960p PS 

R39 138 4.7k C,9, 118 3.9n PS 

R39 139 4.7k C19 119 6.8n PS Inductors 
R40, 140 470k 

C20, 120 3.311 16V E 

R49 141 1.8k C21, 121 7.2n PS L, 10t 15mH Toko 80016 
R42, 142 4.7k C22/ 122 10n DC L2 102 18mH Toko 80016 
R43 143 4.7k C23, 123 3.311 16V E L3 103 12mH Toko 80016 
R44, 144 4.7k C24, 124 100p PS L4 104 15mH Toko 80016 
R46, 145 47k C25, 125 100p PS 

L5. 105 100mH TDK 104J 
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A 10kHz bandwidth is displayed 
because, in all but one case, the 
separation fell below 5dB after 10kHz. 
The only exception was the B & O 

MMC5000 where 10dB of separation 
extended to 13kHz Fig. 12. 

In addition listening tests were car- 
tied out using difficult CD -4 records. 
The following is a brief assessment of 
each cartridge. 

Tenorel 2001SD. Separation of 18dB 
was attained at about 2kHz, but disap- 
peared totally at 9kHz and reversed at 
9.25 kHz. In the listening tests, carrier 
dropout occurred frequently with 
annoying results. Playing weights of 
close on 3gm were required with the 
result that the cartridge base nearly 
touched the record. 

Audio Technica 12S. Peak 
separation of 18dB occurred at about 
2kHz, decreasing to 5dB at about 8kHz 
and remained at such to 13kHz, 
where the low -pass filter in the demo- 
dulator started to take effect. A track- 
ing weight of 1.8gm gave good results 
with little carrier dropout. This car- 
tridge is available at discount stores for 
about £17 (including v.a.t.) and is the 
low cost cartridge I would recommend 
for the system. 

Nagaoka JT322. This cartridge dis- 
played 15dB separation at 2kHz, but this 
disappeared at about 9kHz. Its output at 
2gm tracking weight was on the low 
side and it did not track difficult 
passages as well as the AT12S. This 
cartridge is available from its distribu- 
tor in The Netherlands at a cost of about 
£22. The AT12S is a better bet. 

JVC 4MD2OX. This cartridge gave 
essentially similar results to the AT12S, 
but is about twice its cost. I would go for 
the AT12S in preference as I found little 
to choose between the two in perfor- 
mance. 

B & O MMC6000. The MMC6000 has a 
recommended tracking weight of 1gm. I 

tried three of these cartridges and none 
functioned satisfactorily. The devices 
suffered from carrier loss particularly in 
the left channel. The latest sample I 

tried was found to be defective when 
played through B & O's own demodula- 
tor. I believe the cartridge should only 
be used in the tangential player for 
which it was designed; the SME arm has 
too much mass for such a delicate 
;cartridge. 

B & O MMC5000. The MMC5000 gave 
excellent separation results, as the 
extended separation trace of Fig. 12 

shows. However, the maximum practi- 
cable tracking weight was 1.5gm and 
this was inadequate for an SME or 
similar type arm. The cartridge is ideally 
suited for the B & O 3400 unit which has 
a low -mass arm and can thus track at a 
lower weight more effectively. A pity, 
because this cartridge showed signs of 
excellence, but carrier breakup was too 
fréquent for comfort. On consulting B & 

O they agreed that a low -mass arm 
would be needed to ensure effective 
tracking. 

JVC Xl. This cartridge gave 20dB 

Fig. 10. Linear phase filter with delay 
of 32µs, 19- 45kHz. Two of these filters 
are used in the circuit of Fig. 9. 

Fig. 11. Spectra of the left front and left 
back demodulated signals from a white 
noise CD-4 encoded disc through 
selected cartridges and the 
demodulator. 

NAGAOKA J1322 

10dB 

B & O MMC6000 AUDIO TECH 125 

ISiYmv.t. ritif'1h/A.ifiwo11vjy'vok 

. 

froit 
"F"' 

I I I 

0 I 2 

t 

3 4 
L I t L t t 

5 6 7 8 9 10 

kHz 

separation between 2 and 5kHz, settling 
to about 5dB at 9kHz. Its tracking of 
CD -4 records at 1.8gm was excellent 
and its clarity was unequalled by any 
other cartridge except Pickering's 
XUV4500. This is indeed an excellent 
CD -4 cartridge and is available at some 
discount stores at about £50. For those 
who have the money, this represents 
very good value. 

Pickering UV152400 and XUV4500. 
Both of these cartridges are very 
expensive. The UV152400 displayed 
similar separation characteristics as the 
AT12S but was clearly superior in tonal 
quality. However, it is more expensive 
than the JVC Xl. 

The XUV4500 was an excellent car- 
tridge. Admittedly the separation exhi- 
bited in the photograph looks poor 
(about 10dB over the bandwidth dis- 
played), but it is likely that this is 

I 1 1 I it t t 1 1 t 

0 1 2 3 4 5 6 7 d 9 10 

kHz 

I I I I I I I I 

0 2 4 6 B 10 12 14 16 78 20 
kHz 

Fig. 12. Separation of 10dB or more 
extends to 13kHz in the case of the 
B&O mmc5000 cartridge. 

because the delay time of this cartridge 
is shorter than that of the other 
cartridges tested (12µs for the XUV4500 
against 251.ts for the majority of the 
others). The demodulator is designed 
for a 25Ns delay through the cartridge 
and any deviation from this will reduce 
separation. In listening tests I was not 
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able to perceive any less separation 
through this cartridge when compared 
to the JVC Xl. It performed equally as 
well as the Xl and proved superior on 
stereo discs to the Xl. Both cartridges 
were tested using the difficult band of 
the Hi -Fi Sound 75 test record. The 
XUV4500 tracked this band perfectly, 
while the JVC X1 displayed some slight 
mistracking. 

After carrying out extensive tests on 
the cartridges named, I would recom- 
mend the AT12S for budget systems and 
the JVC XI for those who can afford it. 
In both cases a tracking weight of 
between 1.8 and 2.0gm proved optimal. 

Correction. On page 45 of the June 

One format of the surround -sound 
decoder incorporating CD -4 unit (left). 
A two-board SQ decoder is shown 
right, and a two -board QS decoder 
middle. There is space for a 
rear -channel, preamplifier and tone 
control, above the switchboard. 

issue, the reference to C38 should be to 
C33. 

Acknowledgement. I should like to 
thank Lou Don-en of Quadracast Sys- 
tems Inc. for the valuable help and 
guidance given in the preparation of 
this CD -4 project. Thanks too to 
Hewlett Packard for the loan of the 
audio spectrum analyser. 

A kit of parts (except metalwork) may be 
obtained from Compcor Electronics Ltd, 9 Dell 
Way, London W13 8JH for £37 inclusive of 
v.a.t., packing, postage and insurance. The 
same price applies to overseas readers, and 
covers the cost of airmail postage. A test record 
produced by Quadracast Systems Inc is 
available for £4.20 inclusive from the same 
supplier. 

A specially constructed case is available 
from Bazelli Instrument Cases, St. Wilfred's, 
Foundry Lane, Halton, Lancaster LA2 6LT for 
£10 (including v.a.t. and carriage) with fully 
punched panels or £8 unpunched. This case 
will house CD -4, QS and SQ decoders and 
power supply. A suitable case for the CD -4 
module only is type B304, available from the 
same company for about £5 (unpunched) 
inclusive of delivery and v.a.t. 

Panduit Ltd of Sittingbourne, Kent, manufacturer 
of cable ties and DIN connectors, has announced 
the appointment of Vero Electronics Ltd, 
Chandler's Ford, Eastleigh, Hants, as the UK 
stockist and distributor for the Panduit range of 
DIN 41612 and 41613 one -piece and two -piece 
connectors. 

Gould Advance Ltd has appointed J. Sinclair Ltd, 8 

Dixon Place, College Milton North, E. Kilbride, 
Glasgow, G74 5,1F, as the Scottish agent for Gould 
Advance power supplies and Gould Brush oscillo- 
graphic recorders. 

Ferrograph, Ferrograph Professional, Rendar and 
Wayne Kerr, formerly operating as separate 
companies within the Wilmot Breeden (Holdings) 
Ltd, are to trade collectively as Wilmot Breeden 
Electronics Ltd. Manufacturing facilities for the 
various product groups will remain at South 
Shields, Burgess Hill and Bognor Regis. 

Laskys, one of Europe's leading hi -fi retailers, has 
announced a new service. All of Laskys' 35 
branches will offer a repair service for any hi -fl 
equipment, provided that spare parts are available. 
You do not need to have purchased the equipment 
from Laskys. 

Boosey & Hawkes Ltd has formulated a new 
subsidiary Boosey & Hawkes (Electrosonics) 
Limited. This follows the acquisition earlier this 
month of 50 per cent of Hammond Organ UK Ltd. 
Hammond will continue tp be run by its existing 
management team who will also manage Boosey & 
Hawkes (Electrosonics). Boosey & Hawkes (Elec- 
trosonics) will market a range of electronic musical 
products both in the UK and overseas. It will be 
exclusive distributor of Leslie Speakers in the UK 
and will operate from new premises at St Albans, 
Herts. 

Steatite Insulations Ltd, Hagley House, Hagley 
Road, Birmingham, B16 8QW, have announced 
their entry into the field of semiconductor devices 
in co- operation with Toshiba (UK) Ltd. The aim of 
the agreement is to broaden the UK penetration of 
Toshiba's semiconductors and to enable this by 
forming a semiconductor marketing department at 
the Steatite Group's headquarters in Birmingham. 

In keeping with their involvement with the military 
electronics industry, Sealectro Ltd, Walton Road, 
Farlington, Portsmouth, P06 ITB, manufacturers 
of precision coaxial connectors, insulated terminals 
and programming devices, have received approval 
by the Ministry of Defence to the recently 
introduced standard 05 -21. 

The UK agency for Fuki Film magnetic tape has 
been given to Belmont A/V Ltd, a member of the 
Pyser Group, at Fircroft Way, Edenbridge, Kent, 
TN8 6HA. The range of Fuki Film cassette and open 
reel tapes is available to the public from mid -May, 
1976. 

Uber Werke Munchen have announced that with 
effect from April 1st, 1976, a wholly owned 
subsidiary company, namely Uher Ltd, 24 Market 
Place, Falloden Way, London, N.W.1I, will transact 
all business in the UK and Channel Islands under a 

distribution agreement. 

Jermyn Industries, Vestry estate, Sevenoaks, Kent, 
will programme all National p.r.o.ms free of charge, 
providing the memories are purchased from them. 
They will also consider programming memories of 
other manufacture free of charge dependent on 
type of memory, application and complexity. 
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IP'IHE 
CAN C 
MINK IT'lL DO 

R BEETHOVEN 
Most portable cassette decks are quite happy 

recording the odd pop song. 
But give them something truly challenging, 

and you soon realize their shortcomings. Fine, if 
you're content to be unambitious. But at Nakamichi 
we think you should be able to record any sound 
you want Which is the reason why we produced 

-the Nakamichi 550. 
From a mouse 

squeak to the triumphant 
sounds of Beethoven, 
you can record it all on 
a Nakamichi 550. 

Its peak level 
meters have a range of 
45dB.Its signal -to -noise 
ratio is more than 60dB. 
Its microphone inputs 
have a dynamic range 
of 125dB. 

Wider ranges than 
any other portable 
cassette deck in the world. 

And that's not all. 
The 550 is also the only 

portable cassette deck 
with 3 microphone 
inputs. And a tape 
end alarm with 
pre -set timer. 

The only one 
too,with a button 
that shows how 
much of your 

cassette you've used. 
And Nakamichi s 

exclusive record /playback 
head. And it's the only one 

with a battery life that can give 
you u1: to 15 hours continuous playing. 

When you try the Nakamichi 550, 
. 'votfli know why it costs £27450 including VAT at 12' %. %. 

S,uddtunly, other portable cassette decks look like toys. 

-`THE WORLD'S MOST VERSATILE PORTABLE CASSETTE DECK 
. Natural Sound Systems Limited, 

Strath onaR; gad ,NorthWenibl(y.Middx.HA98Q1..01- 9040141. 
WW -065 FOR FURTHER DETAILS 
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PLESSEY 
You know the name 
but did you know that we 
supply electronic 
components from stock? 

24 hour 
tarn round. 
N o minimum 
order charge. 
N o post or 
packing charges 
in the UK. 

For priced stoc 
and terms of business, 
contact: 

Wireless World, July 1976 

able 
Re li 

gerroaliog S91?es ti 

.004,0 

The new 2320 series 
Microwave Coaxial Switches 

provide efficient and accurate signal rerouting 
for Television, Radio and 
telegraphic communications 
in the 2 -4GHz 
range. They have 
low VSWR, 
low crosstalk, 
single -pole 
2 to 6 -way 40, 

switching. - 

Low priced 2700 series 
Coaxial Relays 
provide single pole switches of 2, 4 or 6 ways. 
Exceptionally low insertion loss with high isolation. 
Versions available for 12 or 24 volt operation. 
Contact rating (non switching) 100 watts C.W. 
50 or 7552 terminations. 

Hatfield 6and 11 

Coaxial Switches 
are designed for selective 
switching of R.F. signals 
without mismatch. 
Specifications extend to 
500 MHz. Alternative versions 
incorporate automatic 
terminations of unused ways 
in to 50 or 7552. 

For more complex 
applications, 
ask for details 
of Hatfield, 
26 way TT L 
Compatible Reed 
Relay Switch. 

QPLESSEY 
DISTRIBUTORS 
Vicarage Lane Ilford Essex 1G1 4AQ 
Telephone: (01) 478 3040 Extn 3391 
Telex: 23766 
WW - 072 FOR FURTHER DETAILS 

HATFIELD 
forward thinking in electronics 
HATFIELD INSTRUMENTS LIMITED, 
Burrington Way, Plymouth PL5 3LZ, Devon. 
Telephone: Plymouth (0752) 772773. 
Telex: 45592. Grams: Sigjen, Plymouth. 

'49621 P007A 
WW -087 FOR FURTHER DETAILS 
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Binary counting 
Explanations of terms used in today's techniques 

by C. Jones 

As digital techniques continue to spread 
to increasingly diverse applications so 
the ranks of those obliged to keep 
abreast of developments in logic design 
are swelling accordingly. It is lamenta -. 
ble that this area of most rapid change is 
also surrounded by the heaviest ele- 
ment of mystique, perpetuated to a 

large degree by excessive and often 
cynical use of jargon in much of the 
associated literature. 

While it is true that Current trends in 
logic design are quickly reflected in 
additions to the integrated circuit lists, 
there is a tendency for the various 
manufacturers to favour differing ter- 
minology when referring to what are, in 
fact, identical circuit types and func- 
tions. This is particularly marked in the 
case of the binary counter which, as the 
most versatile of the digital building 
blocks, has spawned so many varia- 
tions. 

Counters now attract such terms as 
"programmable ", "variable -modulo ", 
"parallel access ", and "carry looka- 
head" while clocking arrangements are 
described as synchronous, asynchron- 
ous or even semisynchronous. 

The implications of these and many 
other circuit descriptions are certainly 
of more than just academic interest and 
are considered in this review of current 
binary counting techniques. 

Basic counting and thv JK flip -flop. The 
basic counter arrangement Fig.1, which 
is included for the sake of completeness, 
consists of a chain of four JK edge -trig- 
gered bistables with the count pulse, or 
"clock ", applied to the first stage only. 
Each successive stage accepts the (Q) 
output of the preceding one as a clock 

pulse input and will change stage each 
time this preceding stage is reset. 

Note that the leading (least signifi- 
cant) stage does not change state until 
the trailing edge of the clock pulse - 
this is a feature of the JK class of 
flip -flop which is the bistable most 
favoured in integrated logic design. The 
adoption of the JK flip -flop as the 
preferred micrologic bistable is based on 
the versatility obtained by combining 
the best features of alternative confi- 
gurations to form one multipurpose 
design suitable for all applications. 

Functional differences between the 
more familiar RS (set /reset) flip -flop 
and the JK type are illustrated by 
comparison of the truth tables (Tables 1 

and 2). The troublesome indeterminate 
condition resulting from a "1" level 
being presented to both R and S inputs 
simultaneously is overcome in the JK 
arrangement by "back- priming" con -' 
nections (Fig. 2) which force a straight- 
forward change of state for the double 
"1" input condition. However, as the 
changeover will normally take place 
well within the width of the clock pulse 
the effect of simple back -priming con- 
nections will be to allow the circuit to 
tumble between one state and the other 
until the clock pulse ends. This problem 
is overcome by adopting the slightly 
more complex arrangement (Fig. 3) in 
which two RS flip -flops are connected 
in cascade with clock pulse inversion 
and gating in such a way that the 
second flip -flop (slave) is prevented 
from following the first (master) until 
the trailing edge of the clock pulse. In 

Fig. 1. Basic JK count chain. 

Qo 
o o 

clock 
pu l se 0- 

J 
c. p. 

K 

Q 

Q 

J 

c.p. 

K 

,;, J 

c.p. 

K 

Q 

Q 

J 

c.p. 

K Q 

Q3 
o 

effect, a delay has been introduced on 
The back -priming lines to prevent 
unstable operation. 

It is this characteristic two -stage 
transfer action that has added the term 
"master /slave" to the JK flip -flop 
description in which J and K have been 

dock 
pulse 

Fig. 2. Simple back- priming of RS 
flip -flop. 

R S D Q 
, 

Q Q 

0 1 Q' Q' O 1 

1 0 - 1 0 
0 0 .. ' Q ' 

1 1 , * * 

Table 1. RS flip -flop.. 

K J Q Q ( Q 

0 1 Q, Q' 0 1 

1 0 1 0 
0 0 Q' Q' 
1 1 - Q' Q' 

* 

Q Q 

Q Q 

Indeterminate 

outputs before clock 

outputs after clock 

Table 2. JK flip -flop. 
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clod 

taken to correspond to S (set) and R 
(reset) respectively. In the binary 
counting application the J and K inputs 
of each stage are internally tied to the. 
logic "1" level so that the required 
binary sequence is followed. 

Reduced counts. When the internal 
organisation of the various counter 
types is studied it becomes evident that 
certain basic configurations have been . 

generally preferred, mainly to ensure 
that each device meets the widest 
possible field of applications. 

To this end it will be found that 
standard four -bit counters have no 
internal connection between the first 
and second stages and separate access 
is provided to the clock input of the 
second stage (Fig.4). 

By splitting the count chain into two 
distinct parts, three count modes are 
made available with an external con- 
nection required for the full division 
by sixteen. When operating in the 
split -count mode, the first and final 
three stages are able to function quite 
independently of each other in the 
divide -by -two and divide -by -eight 
modes, even when working at widely 
differing clock rates. However, as the 
reset -to -zero facility has not been 
similarly split the dual count mode is 
restricted to those applications which 
either do not use a reset or those that 
can tolerate common resetting. 

The split -count method of providing 
for shortened counts is purely orga- 
nisational and cannot be regarded as a 
true reduced count in the same way, as, 
for example, the decade counter which 
involves a premature reset -to -zero. 
Retaining the split -count format will 
now result in separate divide -by -two 
and divide -by -five modes or a full count 
which is held -doOrn to ten. 

The divide -by- twelve counter, alth- 
ough apparently similar to the decade 
format, has important functional differ- 
ences which show clearly when the 
count patterns are compared. The 

r 

Clock 
A 

, Do 

L J 

Fig. 3. JK (master /stave) flip -flop. 

output lines of the decade counter are 
allowed to follow a true binary coded 
decimal (b.c.d.) progression from 0 to 9. 
By comparison, the method used to 
produce the divide -by- twelve count is a 
combination of premature resetting and 
count knock -on logic which, in effect, 
causes two count states to be skipped. 

This forcing -on technique inevitably 
results in count patterns appearing at 
the output pins which do not accurately 
relate to the true count. The sequence 
diagram (Fig. 5) shows that this occurs 
during the second half of the count 
cycle with counts 6 and 7 being skipped 
and the reset being forced at the 
appearance of 14. The divide -by- twelve 
counter is therefore unsuitable for the 
direct driving of count displays any 
further than the 50% duty cycle point. 

Synchronous working. The counting 
scheme so far outlined (Fig. 1 and 4) in 
which the clocking pulse is applied to 
the first stage only is generally known 
as ripple or asynchronous counting and 
is only acceptable provided that speed 
of oper tion is not of primary impor- 
tance. If, however, the total count 
length has been greatly extended by a 
stringing together process, then the 
time taken for a resetting edge to 
"ripple" through the entire counter 
length could well prove to be prohibi- 
tive. This would apply particularly to 
uses in which various processing steps 
are initiated or otherwise controlled by 
the count sequence, and would there- 
fore need to be inhibited for a period at 
least equal to the worst -case settling 
time following each clock pulse. 

The time penalty involved in avoiding 
the effect of spurious counts during 
settling is largely overcome by the 
technique of synchronous counting, in 

Fig. 4. Split count chain. 
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41 

Fig. .5. Divide -by- twelve sequence 
diagram. 

61 

which all stages are clocked simultan- 
eously but via interstage gating (Fig. 6). 
The steering gates ensure that the clock 
pulse only reaches those stages having a 
full count in the preceding (less signifi- 
cant) positions. By this method all 
change -of -state switching is synchron- 
ised with the trailing edge of the clock 
pulse with no false count patterns 
appearing between one condition and 
the next. 

Semisynchronous format. The split -, 
Count confßuration in which the first 
and second stages are not internally 
coupled cannot be combined with fully 
synchronous working but results in a 
hybrid action classed as semi- synch- 
ronous (Fig. 7). With the external link in 
place the second, third and fourth 
stages do not receive the clock pulse 
direct but are simultaneously clocked 
by the output of stage A. The only 
difference, therefore, between full and 
semi -synchronous working is the 
switching time of the first stage. 

Group carries in synchronous counting. 
Providing for synchronous operation 
over a four -bit counter is perhaps 
deceptively simple due to the function- 
ally straightforward nature of the clock' 
steering logic. In fact, a problem still 
exists in providing a system arrange- 
ment which will allow something 
approaching true synchronous opera- 
tion when a number of packages are 
cascaded to form an extended chain. 
Although functionally straightforward, 
the clock gating commitment for 
synchronous working rapidly becomes 
unwieldy as the number of stages 
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increases so that even the improved 
package count lengths of l.s.i. do not 
provide an altogether effective answer. 

Advancing the count state from one 
package to the next is referred to as a 
"group carry" and the design require- 
ments of the synchronous counter will 
always include additional gating to 
generate the group carry signal for use 
by the following counter group(s). The 
group carry output will be typically 
labelled by different manufacturers as 
"terminal count ", "ripple clock" or 
simply "carry", but in each case will be 
the product of a full (terminal) count 
condition plus the group carry level 
from the preceding counter. 

The resulting scheme (Fig. 8) pro - 
vides a reasonable compromise in 
counting speed but one which still 
imposes a heavy restriction on the 
maximum count rate possible. The 
restricting factor hinges on the series 
enabling line only being held active for 
the time that the first (least significant) 
counter is actually holding a full count. 
This allows only one clock period for the 
group carry to propagate (trickle)' 
through to the final group(s) as the total 
count reaches the full reset point. Any 
carry operation not completed before 
the arrival of the next clock pulse will, 
of course, result in a false count. 

Greater group carry speed is possible 
using a modified version of the trickle 
method (Fig. 9) but one that requires 
each counter to include an additional 
enable input which controls only the 
clock pulse and not both clock and 
carry output. The least significant 
counter is now only permitted to 
control the clock enabling of the 
remaining counters via this additional 
input, which is usually labelled "parallel 
enable" as distinct from the trickle 
(series) enable. It is now the full count 
of the second package that has the 
longest trickle path forward but with the 
complete count cycle of the least 
significant counter effectively acting as 
a time buffer. 

To remove the remaining restriction 
on count rate would require external 
"look ahead" logic, probably in the form 
of carry look -ahead packages which are 
actually intended for the generation of 
fast carries in parallel adding schemes 
and can operate in a similar manner 
across blocks of four counter packages. 

counter 1 

-OP 

-0 T 

clock 0 pulse 

C.D. 

Reversed counting and parallel access. 
As the counting down process is 
invariably concerned with the reduc- 
tion of a preset count level to zero 
rather than with a repetitive count 
cycle, it would be most unusual for the 
reverse count feature to be incorporat- 
ed into the design of a counter without a 
parallel loading facility also being 
included. The resulting combination 
offers the convenience of being able to 
force the count to any desired state 
independently of the clock style 
(asynchronously) and for the count to 
then continue up or down from this 
point. 

clock 
pulse 

Qo 
o 

c. p. 

K 
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A reducing count sequence will be 
obtained if the "reset" output of each 
flip -flop is used as the clocking line. 

(ripple), or clock controlling influence 
(synchronous) in place of the "set" 
outputs. The reversible, or up /down 
counter, must therefore include both 
types of interstage connection with 
either one or the other enabled to decide 
the direction of count. 

Two types of direction control logic 
are used: the dual clock method in 

which separate clock inputs control the 
count direction, or the single clock 
scheme with direction being selected by 
a separate up /down control line (Fig. 

J C 

c p 

K 

Fig. 6. Four stage synchronous 
clocking. 

clock 
input 

A 

01 
o 

03 
o 

c.p. 

K 

02 

-C P 

K 

Fig. 7. Semi- synchronous format. 

counter 1 

enable W1 
(trickle) o-~ 2 03- 

Clock, 
pulse 

Fig. 8. Trickle group carry scheme -.skeleton logic. 

r 
i 

c.p. 

carry 

counter 2 

I o 
enable 

(trickle) 
Q2Q 

3 

c.p. 

ca "Y 

counter 2 

enable P .---.o (parallel) 
carry 0 _0 enable T 

(trickle) P 

counter 3 

enable P 
(parallel) 

carryo-- 
enable T 

(trickle) 
p 

carry 

T 

Fig. 9. Group carry scheme -fast. 
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up/down O 

clock O pulse 

Fig. 10. Reversible count logic- single 
clock. 

clock 
(shift pulse) 

c 

On_, On 
O n 

f 

MEW MIN 

( N 

Fig. 11. Basic Johnson counting. 

TABLE 3 

count 
stage outputs two input 

octal 
decode 00 QI Q2 Q3 

o o o o o QO. Q3 
1 1 0 0 0 Qo. G, 
2 1 1 0 0 Q,.ö2 
3 1 1 1 0 Q2.cl3 
4 1 1 1 1 Q0. Q3 
5 0 1 1 1 no.Q1 
6 0 0 1 1 a,.Q2 
7 0 0 0 1 Q2.Q3 

Table 3. Four -bit Johnson count 
sequence. 

10). Both methods are straightforward 
in operation but result in slightly 
different cascading arrangements. 

The cascading requirement for a 
reducing count is virtually identical to 
that of the forward count but the group 
carry function now becomes a "group 
borrow" and must reflect zero count 
states rather than the full counts of a 
carry line. Use of the dual clock method 
of direction control dictates separate 
carry and borrow lines which are 
controlled by the appropriate up or 
down clock input. Alternatively, the 
single clock system allows both carry 
and borrow functions to share a com- 
mon "max /min" output which is quite 
independent of the clock line and which 
signals the full or zero condition as 
selected by the count direction (up/ 
down) input. 

In addition to the max /min output it 
is common to have a "ripple clock" 
output which allows the equivalent of 
the trickle group carry scheme, while 
fast operation is possible by using the 
max /min output in conjunction with 
external look -ahead logic. 

From the crop of exotic -sounding 
circuit descriptions used to refer to the 
parallel loading facility, those most 
likely to be encountered are the terms 
"parallel entry ", "parallel access ", 
"side- loading ", "programmable" or 
"presettable ". All are used to describe 
the arrangement in which a set of 
inputs, under the control of a "data 
load" line, may over -ride an existing bit 
pattern by forcing each count stage to 
follow its appropriate parallel data 
input. This load function can be refer- 
enced to the clock cycle for synchron- 
ous working or be left to operate in the 
more flexible asynchronous mode. 

Variable modulo. The terminal (full) 
count output of the synchronous 
counter is especially useful in serving as 
the data load input when forming a 
variable count length without the need 

Fig. 12. Johnson -based 
counter /divider (octal). 

cloCk 

1 

I 

Johnsonttwr.ter 

1 

Qo Qf 

Qo Q, Q2 

--- iecode oz'es 

Q3 

Q3 

Q3 

for external sensing logic. The count 
length of the resulting variable- modulo 
configuration is equal to the normal full 
count, minus the bit pattern set up on 
the parallel data lines and to which the 
counter resets. In this manner, a 
continuously variable count length is 
possible by manipulation of the data 
input lines. 

Purpose designed variable- modulo 
counters use various methods of modu- 
lo selection and often no individual 
stage outputs are provided, particularly 
when the maximum count length is 
extremely long. In these instances 
output information is limited to a single 
divide -by -N pin which flags the termin- 
al count condition. 

Johnson counters. Octal and decade 
counter /dividers in which a four or five 
stage Johnson format is used as a basis 
for obtaining a set of linear spike -free 
outputs are now quite common. 
Basically a ring counter, the Johnson 
sequence follows the bit pattern of a 
back -primed shift register with the 
clock input acting as the shift pulse (Fig. 
11). Decoding each count state of the 
Johnson sequence (Table 3) to produce 
a linear one -of -eight or one -of -ten 
output is particularly straightforward 
and involves a simple two input gating 
function for each linear output line (Fig. 
12). 

The advantages of this type of 
counter are the high speed, operation 
resulting from not having to follow true 
binary 1,2, 4, 8 code and the spike -free 
outputs taken via decoding gates. 

Unlike standard binary counters, the 
Johnson counter must be guarded 
against unwanted codes which, once 
established, lock "holes" into the 
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sequence with the inevitable output 
errors. It is also possible for certain 
types of Johnson logic to lock up 
completely in some circumstances and 
anti -lock logic is necessary to ensure 
that only valid codes can exist. 

Tomorrow's counters. As fuller use is 
made of the high density logic families 
so the present building -block approach 
to digital system design will take on a 
more concealing blackbox character. 
For the counter, this trend will not be 
restricted to extending package count 
lengths but will result in much decoding 
and look -ahead logic being included as 
part of the counter packaging. A 
:current forerunner to this level of 
inclusive counter logic is the full four 
decade counter with a single time- 
shared b.c.d. output, and the variable 
modulo concept has now been taken to 
the stage where the maximum divide - 
by-N factor equals 16,000. 

As the existing logic families expand 
and new lists appear so the task of 
technical monitoring becomes more 
unmanageable but at the same time 
even more vital. Hopefully, keeping tabs 
on state -of- the -art counting techniques 
will at least go some way in maintaining 
a foot in the door of the digital 
skyscraper. 

Commercially available i.c. counters 
grouped under general function headings 

BASIC ASYNCHRONOUS COUNTERS 
(RIPPLE CLOCK) 

TEXAS MULLARD 
4 bit binary 
decade 
divide by 12 

SYNCHRONOUS 

4 bit binary 

decade 

SN7493 
SN7490 
SN7492 

FJJ211 
FJJ141 
FJJ251 

COUNTERS (PRESETTABLE) 
TEXAS MULLARD 

SN74161 
SN74163 FJB9316 

SN74160 
SN74162 FJB9310 

REVERSIBLE COUNTERS (SYNCHRONOUS) 

4 bit binary 

decade 

TEXAS 
SN74191 
SN74193 

SN74190 
SN74192 

MULLARD 

FJB9366 

FJB9360 

ASYNCHRONOUS PRESETTABLE COUNTERS 

4 bit binary 
decade 

TEXAS 
SN74177 
SN74176 

MULLARD 
FJB93177 
FJ893176 

VARIABLE MODULO COUNTERS 

4 bit binary 
four decade 

RCA 

CD4059 
(cmos) 

MULLARD 
FJB9305 

JOHNSON -BASED COUNTER /DIVIDERS 
(CMOS) 

octal 
decade 

MOTOROLA NATIONAL 
MC 14022 MM 4622A 

MM 4617A 
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Semiconductor developments 

Power f.e.t. and improved bi -polar transistor 

Audio power f.e.ts were first reported in 
Wireless World in June 1974. These 
devices were developed by Yamaha 
under a commission by Japan Techno- 
logy Development Foundation. At the 
same time, Sony started a separate line 
of development concerned with power 
f.e.ts and as a result produced versions 
which differed in detail from the 
Yamaha device. Interestingly, Yamaha 
produced only one polarity of f.e.t., the 
n -type f.e.t., whereas Sony developed 
complementary pairs. The structure of 
the Sony f.e.t. is shown in Fig. 1 and 
consists of a drain of n+ doped silicon 
mounted on a substrate, a grid of p+ 
gates diffused into n drain area and a 
source also selectively diffused through 
the inner silicon oxide layer between 
the grid of the gate. The structure is 
completed by a metal connecting bridge 
to the gate and the source. The com- 
plete chip of the power f.e.t. is 3mm 
square and has approximately 1500 
rectangular source areas. The comple- 
mentary version of this f.e.t. is produced 
by reversing the polarity of the impur- 
ities used in each layer. 

The difference between this device 
and the Yamaha device reported earlier 
appears to be largely one of detail 
design, and also of power dissipation. 
The Sony devices are rated at consider- 
ably lower powers than the Yamaha 
versions, the former having a total 
dissipation of 63 watts for both types. 

Fig. 2 shows the output 
characteristics of two power f.e.ts; 
showing a strong resemblance to the 
characteristics of a triode valve. These 
devices are known as vertical f.e.ts 
(v- f.e.t.) because current flows from the 
substrate area through the thickness of 
the chip to the metal connections at the 
top. The advantages to be obtained 

gate 

through this form of construction are a 
greater current density, coupled with a 
high input and low output impedance 
characteristic. Other advantages 
claimed for the v- f.e.t. are a fast pulse 
response originating from the low 
capacitance due to the thick insulating 
layer separating the source from the 
drain, and a voltage rather than a 
current controlled response. 

In a paper presented to the AES at the 
recent 50th Convention, a speaker 
reported on the characteristics of two 
devices developed and used by Sony, 
the 2SK60 and the SJ18. These are 
complementary power devices with a 
voltage amplification factor ,u = 4 -5, a 
mueual conductance, gm = 250mS, and 
an output resistance RD = 160. Unlike 
its bi -polar counterpart, the v- f.e.t. has 
no area of second breakdown and this, 
coupled with its extremely fast switch- 
ing response, indicated to the equip- 
ment designers that it was particularly 
suitable for a Class B or similar power 
output stage. 

Several power amplifiers have been 
designed by Sony using these v- f.e.ts. 
However, only two have appeared here 
in the UK, these being mentioned 
above. The version described in the AES 
paper mentioned is not available yet in 
the UK, though it is believed that the 
design techniques described are similar 
to the models now available. The model 
described is the TAN -8550 power 
amplifier which utilises three n- channel 
and three p- channel devices in parallel, 
complementary arrangement to pro- 
duce a 100 watt per channel output into 
an 80 load at any frequency in the audio 

Fig. 1. A cross -section of the Sony v- f.e.t. 

source gate 

drain 
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spectrum. The output stage is driven 
from a Class A stage consisting of three 
direct coupled differential amplifiers. 
The total open loop gain of this circuit is 
approximately 82dB with a distortion 
that has been held to below 1% over the 
audio spectrum, before negative feed- 
back is applied. 

In designing the v- f.e.t. power stage, 
two alternatives offered themselves, the 
first of which was a source follower, the 
second being a drain follower. The 
source follower suffers from a gain loss 
by the mount of the offset bias poten- 
tial; the drain follower circuit provides a 
gain proportional to the amount of the 
actual amplification factor MR. The main 
disadvantage of the drain follower is 
that the power supply voltage needs to 
be rather higher than that for source 
follower. A simplification of the bias 
circuit is obtained by using the source 
follower design and this in fact is a 
version used in the Sony TAN -8550 
amplifier. The open -loop frequency 
response extends to a roll -off point of 
about 35kHz before negative feedback 
is applied. This initial wide frequency 
response is said to bring an improved 
transient intermodulation performance, 
an improved stability and a reduced 
high order harmonic distortion, corn - 
pared with a similar bi -polar output 
stage. 

There appeared to be some disadvan- 
tages to the use of v- f.e.t., these being 
principally associated with the values of 
voltage required from the power 
supplies. In the case of the Sony 

Fig. 2. Output characteristics of two 
complementary v- f.e.t. devices. 

ID= 0.5A /div (vertical scale ) 

VD5= 5V/div. (horizontal scale) 

amplifiers at least three supply rails are 
provided, and, in addition, the idling 
current in the output stage produces a 
high order of power dissipation in the 
static, no- signal condition. In one 
amplifier designed by Sony, the static 
dissipation is in the order of 65 watts for 
a 100 watt amplifier. 

A further disadvantage of the type of 
design approach utilising the parallel 
arrangement of output devices is that 
should one break down and require 
replacement, the complete six need 
replacement since the six v- f.e.ts are 
matched in characteristics. 

Sony have also produced a lower 
powered version of the v- f.e.t. which is 

:used elsewhere in voltage amplification 
stages in at least one of their v- f.e.t. 
amplifiers. 

A second semiconductor device 
developed by Sony and used in some of 
their v- f.e.t. integrated amplifiers is 
known as the 1.e.c. bi -polar transistor. 
The abbreviation I.e.c. stands for low 
emitter impurity concentration, which 
describes in elementary form the struc- 
ture of the emitter area of what is 
otherwise a conventional bi -polar tran- 
sistor. In a recent paper the Sony- 
engineers described the general design 
of the l.e.c. device, which appears to 
have arisen from a study designed to 
investigate the noise characteristics of 
small signal transistors. 

Conventional transistors, in order to 
obtain a high emitter efficiency have a 
higher emitter impurity concentration 
than that of the base region. The reason 
for this is to keep the value of the 
injected minority carrier current from 
the base into the emitter as low as 
possible. Any attempt at reducing the 
emitter impurity concentration below 
that in the base results in a reduced 
emitter efficiency because there is an 
increase in the ineffective minority 
carrier current being injected into the 
emitter which is inversely proportional 
to the emitter concentration. 

The l.e.c. transistor does not suffer 
from this disadvantage because the 
emitter region is double diffused to 
produce a secondary junction. This 
junction divides an area of high emitter 
impurity concentration from an area of 
low emitter impurity concentration 
and thus is an n +n or a p +p junction. 
The purposes of this barrier is to reflect 
unwanted minority carriers injected 
into the emitter and thus retain higher 
high emitter efficiency. 

The n +n junction is not the only type 
of barrier which is capable of reflecting 
injected minority carriers. Other bar- 
riers listed in the original paper are as 
follows; surface barrier, m.i.s. (sic) 
barrier, p -n junction barrier, hetero- 
junction barrier and the Schottky 
barrier. An example of one application 
of the m.i.s. barrier application is where 
a metal gate device with such a 
structure, is designed to control the 
surface recombination velocity and 
thus the gate so formed can change the 
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amplification factor by changes in its 
bias. 

However, the l.e.c. transistor 
described has the singular advantage of 
having high current gain with very low 
noise and in particular the flicker noise 
and burst noise is reduced below that 
normally found in conventional bi -polar 
devices. 

Doppler shifts analyse 
Chinese ceramics 
The aesthetic appeal-of ancient Chinese 
ceramics is enhanced by their coloured 
glazes which are found in a variety of 
forms with names such as Tea Dust, 
Coral Red, and Mirror Black. It would 
be of interest to know how the potter 
produced these effects - without 
destroying the specimens in the course 
of finding out. 

A step in this direction has been made 
at the Research Laboratory for Ar- 
chaeology and the History of Art at 
Oxford. R. E. M. Hedges reports some 
preliminary work on measurements 
based on Mössbauer spectroscopy. This 
applies an effect, discovered by Möss- 
bauer in 1957, concerned with the way 
in which very short electromagnetic 
waves (gamma rays) are emitted and 
absorbed by crystalline substances. The 
processes of emission and absorption 
are tremendously frequency - 

dependent, and each element has 
characteristic frequencies. For iron, 
the selectivity of the effect corresponds 
to a Q- factor of about 3 million million. 
The frequency of emission is slightly 
different from the frequency of absorp- 
tion, and because of the high Q the 
emission frequency falls outside the 
absorption passband. The emission and 
absorption frequencies can however be 
made to coincide by moving the emitter 
relative to the absorber, so that the 
emission frequency is Doppler shifted 
by the right amount. This is the basis of 
Mössbauer spectroscopy. If a specimen 
is believed to contain a certain element, 
its absorption of the gamma rays from a 
moving emitter is measured. By chang- 
ing the velocity of the emitter different 
absorption peaks can be tuned in. The 
interest to the physical chemist lies in 
the fact that the shape of the frequency 
response is modified by the way in 
which the element is chemically bound 
in a crystal. This enables the structure 
to be deduced and, in the case of the 
Chinese glazes, makes possible intelli- 
gent guesses about the original produc- 
tion processes. 

The work done at Oxford so far used 
iron -containing glaze ground off the 
surface of pieces of broken china 
(sherds) but an improved instrument, 
now under construction, based on 
reflection rather than absorption should 
enable non -destructive measurements 
to be made, and with luck reveal the 
secrets of the potters' techniques. 
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Electronic systems 4 
More about modulation and transmitting signals 
by W. E. Anderton Assistant Editor, Wireless World 

Further considerations in an amplitude 
modulation system include the depth of 
modulation. We must not over modu- 
late the carrier as this would be like 
asking for more Than full output or less 
than no output and the effect would be 
to distort the transmitted and thus the 
received signal. Fig.1 illustrates this 
principle with examples of the wave- 
forms expected for 0 %, 50 %, 100% and 
more than 100% modulation. 

Figure 1 also shows the quantities 
which must be measured in order to 
calculate the depth of modulation. The 
amplitude labelled b represents the 
mean carrier level, i.e. the unmodulated 
carrier amplitude. The quantity labelled 
a is the peak modulation amplitude on 
the resultant modulated carrier. Depth 
of modulation is given by the relation- 
ship depth of modulation = (a /b) x 
100 %. 

If we examine the case where a = b 

then we can see that the carrier will be 
100% modulated. 

Spectrum of an a.m. signal 
The transmitted signal involves multi- 
plication of the carrier and modulating 
signals. The multiplication process 
produces a complex output signal 
which contains the sum and difference 
frequencies of the two input signals. If' 
we are to transmit the baseband speech 
signal previously described, the sum 
and difference components will form 
two bands of frequencies on either side 
of the carrier frequency. These bands of 
frequencies are known as "sidebands ", 
each of them having a bandwidth equal 
to the bandwidth of the modulation 
signal. 

If our a.m. system is to transmit 
baseband signals up to 4kHz, then each 
sideband will have a bandwidth of 4kHz. 
The total bandwidth of the transmitted 
signal (accounting for both the upper 
and lower sidebands) will be 8kHz. The 
spectrum of such a system is shown in 
Fig.2. 

Channel allocation 
The long -wave and medium -wave 
amplitude- modulated broadcast bands 
have all been split into 9kHz channels. 

'AMPLITUDE 

(a) 

IIII I IIIIIII I I IIr I II II I1I I I I II/ 
NUM I IIIU'IIIIM11 I'/ 

o.. 
VOLTAGE 

50°1. 100'/. 150.1. 

Fig. 1. Illustrating the meaning of 
modulation depth in an amplitude 
modulated system with examples of the 
waveforms expected for 0 %, 50%, 100% 
and more than 100% modulation. 

w 

(a) 
w 

(b) 

0 
F- 

á á ï 
o I o >t 
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FREQUENCY 

,I 

FREQUENCY 

Fig. 2. Spectrum of an a.m. system 
which is to transmit baseband signals 
up to 4kHz. 

9kHz 9kHz 9kHz 

TIME 

TIME 

TIME 

(C) 

ower upper 
sideband sideband 

o I I 

9kHz 

1.1 

FREQUENCY 

Hong Kong B.B.C. Australia Canada Etc. 

Fig. 3. Type of allocation of channels 
one might expect over a small portion of 
the medium wave band. 
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Each radio station is allocated a channel 
in which it is allowed to transmit so that 
each of these stations is located at an 
allocated frequency in each band. Now, 
because the channel bandwidth is only 
9kHz, each station can only transmit 
baseband signals up to the maximum of 
4.5kHz. If a station were to transmit 
outside its allocated channel, the people 
receiving adjacent channels would 
experience interchannel interference. In' 
an attempt to alleviate this problem, 
adjacent channels are allocated to 
stations as far removed geographically, 
from one another as possible. Figure 3 
indicates the type of allocation of 
channels one could expect over a small 
portion of the medium wave band. 

Advantages and disadvantages 
of am. 
One of the main advantages of an a.m. 
transmission system is that it is simple 
both in design and implementation at 
both the transmitter and the receiver, 
making the system relatively cheap to 
operate and maintain. 

The disadvantages of the a.m: sys- 
tems are all concerned with quality of 
reception. We started this section by 
describing how early experiments were 
conducted using spark transmitters 
(now illegal, incidentally). All sparks 
cause propagation through space on a 
wide range of frequencies and hence 
amplitude -modulated systems are sub- 
ject to impulsive, wideband noise. 
Impulsive noise can be generated by car 
ignition systems, electric motors, arcing 
switch contacts, etc. The received 
impulsive noise is so intrusive in some 
locations as to make concentration on 
the received programme extremely 
difficult. 

The second disadvantage is again 
concerned with quality; this time it is 
the low bandwidth which is considered 
an impairment. Two sidebands are 
accommodated within a narrow chan- 
nel and transmitted bandwidth is 
necessarily limited. 

Frequency modulation 
Frequency modulation (f.m.) was deve- 
loped in an attempt to overcome the 
limitations of an a.m. system. The 
transmitter again supplies a sinusoidal 
voltage to an aerial, but this time the 
frequency of the sinewave varies in 
sympathy with the modulation signal, 
the amplitude of the transmitted signal 
being kept constant (see Fig.4, part 3, 

April issue). The receiver is designed in 
such a way that the demodulated 
output is insensitive to impulsive 
amplitude changes of the carrier wave. 

When there is no modulation signal, 
the carrier wave is at a fixed frequency. 
The modulation signal causes a fre- 
quency deviation of the carrier and this 
deviation is proportional to the 
instantaneous amplitude of the modu- 
lation signal. 

The spectrum produced by this f.m. 
signal is extremely complex. Mathema- 

This series of articles is based on a 
proposed Advanced Level course for 
schools and is prepared in consulta- 
tion with Professor G. B. B. Chaplin, 
University of Essex. The next article 
will deal with reception and demodu -, 
lation. 

tical analysis shows that there exists an 
infinite number of sidebands, each one 
of less amplitude than the previous one. 
To achieve full modulation in the 
receiver one can argue that you would 
require to transmit and receive a signal 
of infinite bandwidth, but in practice , it 
is found that the bandwidth required is 
given by 2(fd + fm) where fd is the 
maximum deviation frequency and fm is 
the maximum modulation frequency. If 
we remember that lack of baseband 
available bandwidth was one of the 
criticisms of an a.m. system, then our 
f.m. system must attempt to improve 
this situation. Very high frequency f.m. 
transmissions can be modulated at up to 
at least 15kHz and achieve a quality 
comparable to hi fi record reproduction. 

The bandwith required to transmit a 
broadcast f.m. signal is greater than 
100kHz; consequently f.m. stations are 
only found on the v.h.f. band where 
these large bandwidths can be accom- 
modated. (The v.h.f. f.m. band, known 
as Band II, is from 87 to 10MHz). The 
v.h.f. transmissions have a disadvan- 
tage in that the transmitters and 
receivers are complex and thus relati- 
vely expensive. Coupled with this 
disadvantage is also the fact that v.h.f. 
transmitters have a limited range-, often 
no more than about 50 miles. Thus more 
transmitters are required to provide 
national coverage than would be the 
case with an a.m. system. 

Contrast of a.m. and f.m. 
In a.m. the amplitude of the carrier is 
varied, whereas in f.m. the carrier 
frequency is varied. Frequency modula- 
tion gives a much better signal -to -noise 
ratio than a.m. under similar operating 
conditions. Frequency -modulated sys- 
tems are usually more sophisticated and 
expensive than a.m. systems. 

Appendix 1 

Derivation of a.m. sidebands. Let the 
modulation signal be represented by 

Vmod = cosA 

and the carrier be represented by 

Vc = cosB. 

Modulation will be the product of the 
two input signals plus a function 
representing the carrier itself. Thus the 
output (the transmitted signal) is 

veut = cosB + kcosBcosA 

where k is a constant chosen to ensure 
that the expression 1 + kcosA never 
becomes negative. Alternatively, 

Vont = cosB + (k /2j(cos(Á-B) + cos(A + B). 
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Appendix 2 

Representing the f.m. carrier wave. To 
obtain an expression for an f.m. wave, 
let the instantaneous carrier wave be 
represented by 

vc = Vcsinw;t = Vcsin 2.rrf, t 

where f; is the instantaneous frequency. 
For a positive increase in frequency we 
have 

/i = fc +Afcslnwmt 
where fc is the carrier frequency and Ofc 
is the frequency deviation of the 
carrier wave due to the modulating 
signal of frequency fm. 

If the instantaneous carrier phase is 
0, then 

1 &D;- 
-2 r dt f '- fc +lfcsmwmt 

ditto 
or =2rtfi=wc+2rrOfcsinwmt. 

By integration and a correct choice of 
the phase angle, we obtain 

4 = wct- Afccoswmt 
fm 

or 
(Di = w ct- m1COSw mt 

where mf= Afc /fm is called the modula- 
tion index. Since vc = Vcsin4); we obtain 

vc= Vcsinwct- mlcoswnit 

which represents an.f.m. carrier wave. 
This article was prepared in consulta- 
tion with Professor G.B.B. Chaplin, 
University of Essex. 

Further reading 
Obtainable from Mr. R. A. Smith, Depart- 
ment of Electrical Engineering Science, 
Universtiy of Essex, Wivenhoe Park, 
Colchester C04 3SQ, Essex, are the teaching 
texts for the electronic systems pilot A -level 
course, price £4.50; communication systems 
section only, £2.00; computer systems section 
only, £2.00; feedback systems section only, 
£2.00; basic electronics section only, £1.50. 

Teletext at 
Birmingham 
Our demonstration of teletext at the IEA% 

Electrex exhibition during May was not, an 
undiluted success and for this we apologize 
to those people who went to the exhibition 
for the express purpose of seeing the decoder. 
We were rendered hors de combat by an 
obscure fault in the television receiver and 
were unable to either rectify it or obtain 
another, modified receiver in time to go on 
with the demonstration, in spite of rapid 
assistance from the set makers. 

Correction 
In the article "Some factors in loudspeaker 
quality" by H. D. Harwood, May 1976, 
reference & should be accredited to D. E. L. 
Shorter and A. Gee. 
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'New 
Products 

lEA New Products 

Seen at the !EA/ 
Electrex exhibition, 
Birmingham 1976 

Digital counter 
A range of low -cost digital frequency 
meters was one of the highlights of the 
Marconi Instruments stand. The 
meters, designated TF2430, TF2431 and 
TF2432, cover the ranges 10Hz to 
80MHz, 10Hz to 200MHz, and 10Hz to 
560MHz respectively. Large- scale -inte- 
gration component design and automa- 
tic production methods have enabled 
the instruments to be manufactured for 
reliability, and at low cost. Frequency 
measurements are made directly, 
requiring no prescaling, and switching 
allows a maximum resolution of 0.1Hz. 
A feature of this range of meters is the 
simplicity of design. Each instrument 
has as few controls as possible and 
incorporates automatic gain control on 
the input channel, which will accept 
from 10mV to mains voltage, to cut out 
the need for a sensitivity control. The 
readout, which is in the form of a l.e.d. 
display, is operated from a memory so 

lEA 

that only the last measured value is 
displayed and the blur of the digits 
during counting is avoided. This facility, 
together with an in -built leading -zero 
suppression, ensures that the meter is 
easy to read. Attention has been paid, 
during design, to the construction and 
layout of the meters to give good 
servicing accessibility. Marconi Instru- 
ments Ltd, Longacres, St Albans, Herts 
AL4 OJN. 

WW 301 for further details 

Programmable power 
supply 
Two digitally programmable power 
supplies, types GXP25/25 and 
GXP10 /50, were among the major items 
displayed by Gresham Lion Ltd. These 
power supplies provide outputs which 
may be controlled by a binary - 
coded- decimal logic input. Type 
GXP25/25 has a range up to 24.975V and 
2.475A, and minimum settings of 25mV 
and 25mA. The GXP10 /50 covers a 
range up to 9.99V providing up to 4.95A. 
Minimum settings for the GXP10 /50 are 
10mV and 10mA. The input, which can 
accept up to 50V without damage, is by 
standard p.c.b. connector. Gresham 
Lion Ltd, Twickenham Road, Feltham, 
Middlesex TW13 6HA. 
WW 302 for further details 

Low cost oscilloscope 
The model 4S6 -LS oscilloscope has a 
vertical amplifier sensitivity of 
10mV /cm with a 6MHz bandwidth and 
an accuracy of ±5% A major difference 
between the 4S6 -LS and previous 
models is in, the timebase sweep range 
which has been extended to is /cm at 
±5% accuracy. To ensure that the 
oscilloscope produces a good display 
with the low -speed sweep a P7 long - 
persistance cathode ray tube is fitted as 
a standard. As an optional extra the 
c.r.t. graticules may be treated with 
Glarecheq, a non -reflective acrylic 

WW 301 for further details 

'EA 

coating which helps to reduce the 
amount of reflection from the screen. At 
the time of release the oscilloscope, 
treated with Glarecheq, was priced at 
£106. Scopex Instruments Ltd, Pixmore 
Industrial Estate, Pixmore Avenue, 
Letchworth, Herts SG6 1JU. 
WW 303 for further details 

Programming aids 
A collection of programming aids for 
microprocessor systems design were 
exhibited by Osprey Electronics Ltd. 
The aids, produced by Stag Electronic 
Designs Ltd, offer a system which, it is 
claimed, avoids the problems of time 
consumption and inconvenience result- 
ing from the large number of changes 
and trial runs inevitable in software 
development. Each system may consist 
of a range of r.o.m. and p.r.o.m. 
simulators, a simulator programmer, a 
p.r.o.m. eraser, and a p.r.o.m. program- 
mer. Pin -compatible simulators are 
available for the 1702, 2704 and 2708 
series of ultra -violet erasable p.r.o.ms, 

WW 303 for further details 

WW 302 for further details 
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lEA 

as well as an equivalent of the Motorola 
MCM6830L mask programmed r.o.m. 
The SP2 simulator programmer is a 
manually operated data entry device 
capable of programming any of the Stag 
range of p.r.o.m. or r.o.m. simulators. 
This programmer can be used to modify 
individual locations or load complete 
programmes - by keyboard for data 
entry and by thumbwheel switches for 
address selection. Two p.r.o.m. erasers 
suitable for electronically program- 
mable r.o.ms are available, the SE4 
which will take four p.r.o.ms and the 
SE15 with a capacity for 15 p.r.o.ms. The 
p.r.oms are placed in a tray, within the 
eraser, and are then exposed to high 
intensity ultra violet light for a pre- 
scribed time, preset on a timer dial. Two 
p.r.o.m programmers exist, the PP2 for . 

the 1702 series and the PP8 for the 2704 
and 2708 series. These programmers are 
suitable for electrically programmable 
r.o.ms and are capable of transferring 
master p.r.o.m. or simulator data dir- 
ectly into a p.r.o.m. Stag Electronic 
Designs Ltd, Northaw House, Potters 
Bar, Herts EN6 4PS. 

WW 304 for further details 

lEA 

Multimeters 
The Dolomiti has 39 ranges and mea- 
sures current, voltage, resistance, capa- 
citance and decibels. This meter has a 
sensitivity of 20kS2 /volt, with an accur- 
acy of ± 2.0% on d.c. ranges and ± 2.5% 
on a.c. and resistance ranges. Operating 
frequencies on the a.c. ranges are from 
20Hz to 20kHz. The meter, which 
measures 130 x 125 x 40mm, requires 
two 1.5V batteries and one 22.5V 
battery and incorporates diodes, a 
cutout and a fuse for automatic over- 
load protection. Optional extras include 
a 30kV probe and a signal injector. 
Carlo Gravazzi (U.K.) Ltd, North 
Crawley Road, Newport Pagnell, Bucks, 
MK 16 9HF. 
WW 305 for further details 

Avometer model 73 is a pocket sized 
multimeter measuring up to 750V and 
up to 3A on both a.c. and d.c. ranges. 
On resistance ranges the meter will 
measure up to 20MS2 using internal 
batteries. This meter has a sensitivity of 
20kS2 /volt d.c. and 1kS2 /volt a.c. and an 
accuracy of ± 2.5% on direct voltage 

WW 304 for further details 

WW 309 for further details 

PEA 

and current ranges. On a.c. ranges the 
model 73 will operate on frequencies up 
to 75kHz. Fuse protection allows the 
application of up to 250V r.m.s. for 10 
seconds on any range. Avo Ltd, Arch - 
cliffe Road, Dover, Kent CT17 9EN. 
WW 306 for further details 

Sanwa N -501 has a 2µA movement, 
enabling resolutions of 0.05mA or lmV, 
and measures current, voltage, resis- 
tance and decibels. This meter has 
current ranges up to 12A a.c. /d.c. and 
voltage ranges up to 1.2kV a.c. /d.c. 
with an accuracy of ±2.0% on the d.c. 
ranges and ±2.5% on the a.c. ranges. 
Operating frequencies on the a.c. ranges 
are from 20Hz to 50kHz. The N -501, 
which measures 252 x 191 x 107mm, is 
protected by diodes and a fuse. Quality 
Electronics Ltd, 24 High Street, Lydd, 
Kent TN29 9AJ. 

WW 307 for further details 

Miselco Tester 20 is a 20kS2 /volt, 40 
range meter measuring current, vol- 
tage, resistance and decibels. This 
general -purpose unit can measure d.c. 
current up to 10A, has an accuracy of 
2.0% on the d.c. and resistance ranges 
and 3.0% on the a.c. ranges. Operating 
frequencies on the a.c. ranges are from 
20Hz to 20kHz. The Tester 20 measures 
105 x 130 x 35mm and requires two 1.5V 
batteries. Optional extras include a 
15kV /30kV d.c. probe. Alcon Instru- 
ments Ltd, 19 Mulberry Walk, London 
SW3 6DZ. 

WW 308 for further details 

Display modules 
Compact 7- segment l.e.d. display 
modules, with integral push- button 
decade switches for preset counting, 
were featured by Contraves Industrial 
Products Ltd. The displays, called 
Multicount modules, may be assembled' 
into multi- decade display and switching 
banks, for instrument and control panel 
mounting. Each module occupies 10mm 
x 50mm of panel space, and end 
brackets, for push -in front -of -panel 
mounting, add a further 10mm to the 
width. A variety of functions are 
available in the Multicount range; these 
include a built -in- memory, an up or 
down counter, a comparator and a sign 
display. Dummy modules can be sup- 
plied for incorporating additional func- 
tions such as push- buttons, key - 
switches or electronic circuits. The 
bidirectional decade switches have 
binary-coded decimal outputs which 
can either function independently from 
the digital display, or may be connected 
to the display logic. Contraves Indus- 
trial Products Ltd, Times House, Station 
Approach, Ruislip, Middlesex, HA4 8LH. 
WW 309 for further details 
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Base stations for f.m. 
systems 
Burndept Electronics have introduced 
two f.m. base station transceivers, the 
BE454 for u.h.f. and the BE458 for v.h.f. 
The u.h.f. station operates within the 
range 420 to 470MHz, with channel 
spacings of 25kHz, and has a transmit- 
ter output of 5 watts with a spurious 
output of less than 2.5µW. The v.h.f. 
station operates in the bands 68 to 
108MHz and 132 to 174MHz with 
channel spacings of 12.5 or 25kHz. 
Receiver sensitivity for both trans- 
ceivers is 0.35µV for 20dB quieting. 
Crystal stability is ±5 parts in a million 
over the temperature range -10 to 
+60 °C. The transceivers, which can 
also be used for repeater operation, are 
designed to be operated either locally or 
remotely in a communications network. 
Remote control is achieved by tone or 
d.c. signalling over two or four wire 
systems. A range of quick- change 
modules are available allowing both 
versatility and ease of maintenance. 
Both transceivers can be used in single 
or two frequency simplex, or duplex 
modes and are available in single or 
multichannel versions. Optional extras 
include tone squelch and selective 
calling controls. Burndept Electronics 
(E.R.) Ltd, St Fidelis Road, Erith, Kent 
DA8 1 AU. 

WW 310 for further details 

Cam switch 
Adjustable cam switches, suitable for 
up to 700 rev /min, have been intro- 
duced by Barden Corporation. These 
miniature switches, in the PA1 and PA2 
series, give infinitely adjustable shaft 
and dwell angles between 3° and 357 °. 
The units, which can be adjusted while 
the shaft is fixed or rotating, can be 
mounted in series to provide from 1 to 
10 independently adjustable switches. 
Features include precision ball bearings 
and low inertia and operating torque for 
fast and accurate switch operation at 
minimum power. Operating character- 
istics are: 115/230V a.c. for 5A inductive 
and restive load, 30V d.c. for 5A resistive 
load or a 3A inductive load with an 
inrush capacity of up to 24A. The 
Bardon Corporation (UK) Ltd, Western 
Road, Bracknell, Berks, RG12 1QU. 

WW 311 for further details 

Digital cassette recorder 
A digital cassette recorder, known as 
the Raycorder, is claimed by its 
makers, Raymond Engineering Inc., to 
be a highly reliable instrument suitable 
for minicomputer, telecommunications, 
and research applications. The recorder 
is designed primarily for use in data 
terminals and data logging systems, but 
may also serve as a digital interface. A 

number of versions are available, 
including single or dual -channel ma- 
chines with either read -write or read - 
while -write options. The reels and 
capstans are driven directly by four 
motors, eliminating clutches, belts and 
flywheels to give maximum reliability 
and performance. Mean time before 
failure has been rated at 5000h. The 
motors have low -mass ironless arma- 
tures and are controlled by a servo - 
system which enables the tape to be 
accelerated uniformly and accurately. 
Preferred tape speeds are factory set 
between 3in /s and 30in /s with varia- 
tions not exceeding ±2 %. Typical, 
acceleration and deceleration times are 
20ms at 3in /s and 60ms at 15in /s. Trend; 
Telecommunications Ltd, St. John's 
Estate, Tylers Green, High Wycome, 
Buckinghamshire, HP10 8HW. 
WW 312 for further details 

Microprocessor kit 
The SC /MP Introkit includes a SC /MP 
central processing unit - the 
ISP- 8A /500D, a 512 x 8 r.o.m. (MM5214), 
a 256x8 r.a.m. (MM2112 -1), a 1MHz 
crystal, interface circuits and discrete 
components. It is claimed that these 
components can be assembled on to the 
100x160mm Introkit printed circuit 
board in one hour, providing a practical 
method of familiarising users with 
microcomputer characteristics. Small 
programmes can be developed and 
entered into the r.a.m. using a teletype 
keyboard or a compatible terminal. 
These programmes can then be run and 
their performance monitored by the 
Kitbug programme which is stored in 
the r.o.m. Applications for this kit could 
include automatic control systems, 
domestic appliance programmes, traffic 
light sequencing and machine tool 
control. The kit, which includes a data 
sheet and technical manuals, was priced 
at £54.50 at the time of release. DTV 
Group Ltd, 126 Hamilton Road, London 
SE27 9SG. 

WW 313 for further details 

Recorder -calculator 
The SX4500 cassette recorder, intro- 
duced by Hadley Sales Services, has a 
built -in calculator. The two -track 
recorder, which can be operated from 
either the mains supply or internal 
batteries, will take C30, C60 and C90 
cassettes, has an audio output of 
300mW, and uses a built -in condenser 
microphone. Calculator functions 
include addition, subtraction, multipli- 
cation, division, constant multiplication 
or division, power calculation, a 
memory and a percentage calculation. 
Calculations may be made to seven 
decimal places. The overall size of the 
instrument is 4 x 13/4 x 8ïn. Hadleÿ Sales 
Services, 112 Gilbert Road, Smethwick, 
Warley, Birmingham B66 4PZ. 

WW 314 for further details 
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WW 310 for further details 

WW 312 for further details 

WW 311 for further details 

Audio switching system 
A system of modules for audio mixing 
and switching have been introduced by 
Prowest Electronics Ltd. The system 
consists of a five channel input buffer, a 
ten by one switching unit, a twin output 
amplifier and a d.c. controlled fading 
amplifier. Four field effect transistors in 
a series shunt configuration are used as 
the switching elements and a further 
series switch on each board reduces 
system crosstalk to approximately 90dB 
at 20kHz. Maximum level through the 
system is +26dBm and distortion is less 
than 0.03% at all levels up to +20dB. 
The modules are all based on 7in printed 
circuit boards, are built into standard 
Imhoff 19in racks, and use a common 
± 18V power supply. The switching can 

www.americanradiohistory.com

www.americanradiohistory.com


82 

be controlled directly or by a binary - 
coded- decimal address. Prowest Elec- 
tronics Ltd, Alma Road, Windsor, Berks. 
WW 315 for further details 

Resistance standards 
A range of 4- terminal resistance stan- 
dards have been manufactured by 
Croydon Precision Instrument Corn - 
pany for values from 0.000152 to 100k52. 
The standards, type RS3, offer accur- 
acies between ±0.005% and ±0.02% 
depending upon the resistance values. 
Each standard is designed to have the' 
maximum permanance of calibration 
combined with a good load coefficient, 
and is suitable for use in air or in a 
temperature controlled oil bath. Croy- 
don Precision Instrument Company, 
Hampton Road, Croydon, CR9 2RU. 

WW 316 for further details 

Tantalum capacitors 
Thomson -CSF have introduced a range 
of solid- tantalum electrolytic resin - 
dipped capacitors. The capacitors have 
values ranging from 0.1g/ 35V to 
10011F /3V with tolerances of ± 20%. 
Case dimensions vary from 6.5 x 4mm to 
10 x 7mm. The leads are 0.6mm diameter 
and are spaced 5.08mm apart. Thom- 
son -CSF (UK) Ltd, Ringway House, Bell 
Road, Daneshill, Basingstoke, Hants 
RG24 OQG. 

WW 317 for further details 

Dual -in -line switches 
A series of subminiature switches for 
printed circuit applications has been 
introduced by Secme. Three basic types 
of switch are available within the range; 
one to eight single -pole on /off, one to 
four double -pole on /off, and one to four 
single -pole change -over. Other func- 
tions may be combined in the same body 
if required. The switches, which are 

rated for 0.5A at 12V, have a contact 
resistance of less than 30m52, and can be 
stacked end to end in any number on 
standard 0.1in pitches. The bases are 
sealed to prevent the ingress of mois- 
ture. Souriau (UK) Ltd, Shirley 
Avenue -Vale Road, Windsor, Berkshire. 

WW 318 for further details 

All purpose stroboscope 
A compact portable stroboscope has 
been made available by ESI Nuclear for 
use in industry, research, education and 
medicine. The 202, as it is called, has 
three ranges covering from one to 250 
flashes per second with an accuracy of 
±2%. A feature of the 202 is its 
flexibility; two or more units may be 
coupled to flash simultaneously while 
controlled by one dial, external sockets 
may be used to drive an external 
frequency meter, and there is also a 
provision for external triggering. At £64, 
the 202 is claimed to be amongst the 
most inexpensive instruments of its 
kind. ESI Nuclear, 6A Holmesdale Road, 
Reigate, Surrey RH2 OBQ. 

WW319 for further details 

Line impairment 
simulator 
A new release at the "All Elec- 
tronics Show" was the model 770 line 
impairment simulator from Axel. The 
simulator is claimed to be cheaper and 
more compact than previous models, 
and capable of simulating most of the 
line conditions common in data trans- 
mission systems. These conditions 
include those in voice- transmission- 
type telephone lines which, when used 
for data transmission, degrade the 
digital data - especially at speeds above 
2400 bits per second - switch -selection 
enabling simulation of the worst cases 
of Bell Cl, C2, C4 and 3002 lines. A user 

WW 318 for further details 
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may also add to the simulation certain I 

steady -state disturbances such as var- 
ious random noises, phase jitter, fre- 
quency shifts, and harmonic distortion. 
Transient disturbances such as impulse 
noise and sudden amplitude changes 
can also be added. The disturbances 
may be selected individually or simul- 
taneously, as required. A built -in 
random noise generator with a cali- 
brated attenuator allows selection of 
the desired signal -to -noise ratio, having 
output levels from -16dBm to -88dBm 
in ldBm steps. At the time of going to 
press the model 770, which weighs 16 lb 
and is suitable for bench or rack 
applications, could be obtained for 
£2,650. A portable version, the model 
771, is also available. JVN Components, 
204 -206 High Street, Bromley, Kent BR 
1 PW. 

WW 320 for further details 

High Q bandpass filter 
Pulse Engineering has introduced a 
high Q bandpass filter, PE 86 030, that 
can be tuned to any frequency from 
67Hz to 3kHz. Each tone frequency is. 
actively trimmed to better than ±0.15% 
and Q factor is typically 150. Deviation 
from the specified centre frequency 
over a temperature range 0 to 50 °C is 
less than ±0.25%. These filters can 
replace tuning forks in paging applica- 
tions and two -way transceivers for the 
detection of specific tone frequencies 
and are claimed to eliminate reliability 
problems and shock sensitivity. Aurie- 
ma Ltd, Components Division, 442 Bath 
Road, Slough, Berks. 

WW 321 for further details 

Digital thermometer 
A pocket -size thermometer, introduced 
by Kane -May Ltd, is claimed to give a 
rapid digital reading, to a resolution of 
0.1°C, over a temperature range from 
-30 °C to 199.9 °C. The device, called the 
Digitherm "Universal" electronic ther- 
mometer, is also available for a wider' 
range from -50 °C to 1100 °C, to a 
resolution of 1°C, Built -in circuitry 
compensates for ambient temperature 
and also for loss of battery voltage, 
which can be checked as required, the 
accuracy being maintained until the 
battery potential drops away sharply. 
The thermometer is intended for food 
processors, plastics manufacturers and 
in other industries where fast transient 
temperature changes must be mea- 
sured. Kane -May Ltd, Burrowfield, 
Welwyn Garden City, Herts. 

WW 322 for further details 
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SWEEPER MODELS* 

1001A 0 5MHz to 300MHz £830 
1002 1MHz to 500MHz £830 
1004 -1 450MHz 950MHz £830 
1004 500MHz to 1GHz £830 
1005 700MHz to 1 4GHz £830 
1801A 1MHzto950MHz £1145 
2000 1MHz to 1 4GHz £1120 
2001 1MHz to 1 4GHz £1330 

We also offer a complete line of attenuators and 
detectors covering the same frequency ranges. 

WW-088 FOR FURTHER DETAILS 

One thousand one 
one thousand two 
one thousand four - one .. . 
one thousand four 
one thousand five... 
one thousand eight 

hundred one 
two thousand... 
two thousand one... 

that's how you count 
to 1.4 GHz in sweepers. 

It's also how to tell the story of the most 
complete line of sweepers in the 
business. Our latest additions include the 
1801A for CATV equipment testing 
and the 2000 -a less expensive version 
of the spectacular 2001. All of our 
sweepers have rugged, solid -state designs 
and are suited for laboratory, production 
and systems use. They are available 
with both 50 -ohm and 75 -ohm calibrated 
RF outputs and feature pin -diode leveling, 
crystal -controlled markers and excellent 
display linearity characteristics. All include 
remote programming of frequency and 
sweep width, and can be AM or FM modu- 
lated. If you'd like more information, 
use the reader service card or get in 
touch with us directly. You can count on 
an immediate response. 

WAVT 14 
Wavetek Electronics Limited, 
109, Crockhamwell Road, 
Woodley, Reading, Berks RG5 3JP 
Tel: Reading (0734) 694944. Telex: 849301 
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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 equipment 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 

Typical performance 
Noise reduction better than 9dB weight- 

ed 

Clipping level 16.5dB above Dolby level 
(measured at 1% third harmonic 
content) 

Harmonic distortion 0.1% at Dolby level 
typically 0.05% over most of band, 
rising to a maximum of 0.12%. 

Signal -to -noise ratio: 75dB (20Hz to 
20kHz, signal at Dolby level) at Monitor 
output, 

Dynamic Range > 90dB 

30mV sensitivity. 

panel, knobs, mounting screws and nuts 

PRICE: £34.40 +VAT 

Price £1.80 +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 contacts are available with all 
components Price £6.50 +VAT 

Single channel board with selected fet Price £2.00 +VAT 

Gold plated edge connector Price £1.27 +VAT` 

Selected FET's 54p each +VAT, 96p +VAT for two, £1 .76 +VAT for four 

Please add VAT at 121/2% unless marked thus -, when 8% applies 
We guarantee full after -sales technical and servicing facilities on all our kits 

INTEGREX LTD. 
Please send SAE for complete lists and specifications 
Portwood Industrial Estate, Church Gresley, 
Burton -on- Trent, Staffs D E 1 1 9PT 
Burton -on -Trent (0283) 215432 Telex 377106 

E 
master charge 
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INTEGREX 
S- 2020TA STEREO TUNER /AMPLIFIER KIT 

SOLID MAHOGANY CABINET 

A high -quality push -button 
FM Varicap Stereo Tuner combined 
with a 20W 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. All sockets, fuses, etc., are PC mounted for ease of assembly. Tuner 
section: uses Mullard LP1186 module requiring no RF alignment, ceramic IF, INTERSTATION MUTE, and 
phase -locked IC stereo decoder. LED tuning and stereo indicators. Tuning range 88- 104MHz. 30dB mono S/N @ 
1 .8uV.THD typ. 0.4% 

PRICE: £48.95 +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 @ 0.75,uV. 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 @ 1.8µV 
THD typically 0.4% 
Tuning range 88- 104MHz 
LED sig. strength and stereo indicator 

Mono £26.31 +VAT 
With ICPL Decoder £30.58 +VAT 

With Portus- Haywood Decoder 
£32.81 +VAT 

STEREO MODULE TUNER KIT 
A low -cost Stereo Tuner based on the Mu /lard LP1186 RF 

module requiring no alignment. The IF comprises a ceramic 
filter and high- performance IC Variable INTERSTATION MUTE. 

PLL stereo decoder IC 

PRICE: Mono £25.55 +VAT 
Stereo £28.65+VAT 

S -2020A AMPLIFIER KIT 
Deve loped 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 

Typ. Spec. 20 +20W 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: £30.94 +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 £13.13 +VAT PHASE -LOCKED IC DECODER KIT . £4.47 +VAT 
BASIC MODULE TUNER KIT (Mono) £13.25 +VAT PUSH- BUTTON UNIT £3.50 +VAT 
BASIC MODULE TUNER KIT (stereo) £15.25 +VAT 

PORTUS- HAYWOOD PHASE -LOCKED STEREO DECODER KIT £7.93 +VAT 
WW -020 FOR FURTHER DETAILS 
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Texan Amplifier 
as featured by 

PRACTICAL WIRELESS 

SOLE U.K. DISTRIBUTORS - HENRY'S 

& ei /d y d unse, f ̀r 6r o í í 4/ 

L 2K1T PR p &p 
Br. It and tested 

ICE 
£42INC. .00 

vaT 
ine. VAT ++ £1£1.00 .00 p &p. 

Build the Texan stereo amplifier, then you can be 
doubly proud ! Fora start, you'll own a superb home 
entertainment unit. And have had all the pleasure of 
doing it yourself, with the Henry's kit. 
Look at the Texan specification 
Incorporating fully integrated stereo preamp and power amp, 
with 6 IC's, 10 transistors, 6 rectifiers and zener diodes. Plus 
stabilisied, protected circuitry, glass fib pcb; Gardeners 
low -field low -line mains transformer: all facilities and 
controls. Slim design, chassis 143" x 6" x 2" overall. 20 watts 
per channel RMS, less than0.1 %distortion at 1 kHz. 

TEXAN FM £2350 TUNER KIT VAT+ 50p pbt' 

Built arid tested E28.SOinc.VAT 
+50p p &p. 

Build the matching Texan stereo tuner 
Features advanced varicap tuning. Phase. 
lock loop decoder. Professionally 
designed circuit. Everything you need is 

in the kit. From the glass fibre pcb to the 
cabinet itself. Excellent spec : 2.5 uV 
aerial sensitivity. 500 mV output 
(adjustable). Tuning range 87 -102 
MHz. Mains powered. 
THE NATURAL FOLLOW-ON 

Henry's latest 
ELECTRONICS 
CATALOGUE 

* Can be 

built Stage 
by stage 
Ask for 
leaflets 5. * Everything 
necessary 
supplied. 
Full after 
sales 
service and 
guarantees. 

An up-to.,i 
, 

minute game. 
Plugs into 
Switch youro TV l,ucket. 
Choose And you're away r e your game - football, tennis or hole -in- the -wall. Absolutely safe. For you. Your children. And your TV. Mains Powered. List Price E42.50 HENRY'S PRICE 

£25.00 ALREADY SOLLO inc.VAT 
50p p &p * (DEAI I ICT 

For this latest edition, we have 
made hundreds of changes and 
additions. Features now include: 

Over 5000 items - * Over 200 pages 
many new * easy -to -use, complete 

* free 50p voucher inside alphabetical index 
every copy * section index 

* virtually everything * everything at 
needed by amateurs competitive prices 
and professionals 

ONLY 

50p 
FREE to Educational Establishments when t 200 
ordered on official headed notepaper - air / pa, r 

All mail to: Henry's Radio 
303 Edgware Rd. London W2 

LONDON W2: 404/6 Edgware Road. Tel : 01 -402 8381 
LONDON W`: 231 Tottenham Ct Tel: 01-636 6681 

*NOTTINGHAM : 94/96 Upper Parliament St. Tel: (0602) 40403 
*READING, BERKS : 130/131 Friar Street. Tel: (0734) 583230 
*HARROW : 190/4 Station Road. Tel : 01 -863 7788 
*CROYDON: 110 North End. 

Tel: 01-681 3310 

NEW STORES 
ww - 041 FOR FURTHER DETAILS 

Please Note: Mail Order Customers 

VAT DOWNVATOVERPAYMENDSTANV 

Wireless World,.luly 1976 

E L ECTRÖVALFE 
Wise buyer's first choice 

CATALOGUE 8 

Catalogue 

ISSUE No. 2 
144 pages 

UP -DATED PRODUCT 
& PRICE INFORMATION 

40p POST PAID + 
40p REFUND VOUCHER 

We have made it just about as comprehensive and up-to- the- minute as possible. 
Thousands of items from vast ranges of semiconductors including I.C.s to components, 
tools, accessories. technical information and diagrams are included as well as a refund 
voucher worth 40p for spending on orders list value £5 or more. SEND NOW FOR YOUR 
COPY OF CATALOGUE 8. ISSUE No 2 BY RETURN It's an investment in practical 
money -saving and rehabilityl 

+E.V. PRICE STABILIZATION POLICY 
This is one of reviewing prices every 3 months rather than trying to keep up with day by 
day changes as they occur. We have on the whole held prices better than anticipated in 
following this plan Next review period starts July 1st 

+E.V. DISCOUNT PLAN 
Applies to all items except the few where prices are shown NETT 5% on orders from t5 
to 114 99. 10 °/0 on orders value £ 1 5 or more. 

+FREE POST & PACKING 
In UK for pre -paid mail orders over £2. If under there is an additional handling charge of 
15p. 

+QUALITY GUARANTEE 
All goods are sold on the understanding that they conform to makers speoficatrons No 
rejects, seconds or sub -standard merchandise. 

ELECTRI A LTD 
All communications to Dept. 4/6 
28 ST. DUDES ROAD. ENGLEFIELD GREEN. EGHAM. SURREY TW20 OHB 

Telephone Egham 3603. Telex 264475. Shop hours 9 -5 30 daily. 9- 1 p m. Sots 
NORTHERN BRANCH:680 Burnage Lane, Surnage. Manchester M19 INA 
Telephone 10611 432 4945. Shop hours Daily 95.30 p m., 9-1 p m Sots 
In U.S.A. you are invited to contact EIECTROVALOE AMERICA. P.O. 337 Peterborough NH03458 

HART 
ELECTRONICS 
Audio Kit Specialists since 1961 

J. L. Linsley -Hood 
High Quality 

Cassette Recorder 
Full kits of parts for this outstanding design, including 
metalwork, cabinet, low humfield mains transformer 
and all other parts. Please send SAE for full data. 

Cassette Mechanism only complete with Erase and 
Record / Playback head, £1 9.1 0 + 12V2% VAT. 

FURTHER INFORMATION ON ALL KITS FREE if you send use 9 in. X 4 in. 
S.A.E. 

REPRINTS Post free. no VAT 

BAILEY 30W 18p. 

STUART TAPE RECORDER. All 3 articles under one cover 30p. 

BAILEY /BURROWS /°UILTER Preamp circuits, layouts and assembly notes 15p. 

All prices exclude VAT @ 12'n per cent except for reprints which are exempt 

Penylan Mill, Oswestry, Salop 
Personal callers are always welcome, but please note we are closed 

all day Saturday 
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1.111' PRICEI) 

Top Quality 
Components 

VALVES 
Qty Typs Price (p) Qty Type Price (p) 

DY87 37.0 PCF802 48.0 
DY802 37.0 PCL82 54 0 
ECC82 37.0 PCL84 46.0 
EF80 34.0 PCL85 52.0 
EF183 39.0 PCL86 50.0 
EF184 39.0 PFL200 65.0 
EH90 40.0 PL36 63.0 
PC86 58.0 PL84 30.0 
PC 88 58.0 PL504 75.0 
PCC89 46.0 PL508 78.0 
PCC189 47.0 PL509 £1.35 
PCF80 38.0 PY88 43.0 
PCF86 44.0 PY500A £1.00 
PCF801 460 PY800 42.0 

SEMI CONDUCTORS 
Qty Type Price (p) Qty Type Price (p) 

AC127 20 BC135 15 
AC128 15 BC137 20 
AC141K 25 BC138 30 
AC142K 25 BC142 20 
AC151 20 BC143 25 
AC154 18 BC147 8 
AC155 18 BC147A 11 

AC156 20 BC148 9 

AC176 22 8C149 10 
AC187 20 BC153 20 
AC187K 30 BC154 20 
AC188 18 BC157 11 

AC188K 30 BC158 10 
AD142 62 BC159 11 

AD149 45 BC173 15 
AD161 38 BC178B 20 
AD162 38 BC182L 12 
AF114 25 BC183L 12 
AF115 22 BC187 25 
AF116 22 BC214L 15 
AF117 20 BC328 28 
AF118 45 BC337 19 
AF139 35 BD124 75 
AF178 45 BD131 35 
AF180 40 BD132 39 
AF181 40 BD160 0.65 
AF239 45 BD235 50 
AF240 20 BD237 60 
BC107 10 BDX32 £2.40 
BC108 10 BF115 24 
BC109 12 BF160 35 
BC109C 14 BF167 24 
BC113 15 BF173 25 
BC116A 25 BF178 33 
BC117 14 BF179 38 
BC125B 18 BF180 31 
BC132 15 BF181 32 

1:11: 
COMBINED PRECISION 
COMPONENTS LTD. 
Good People to Deal With 

BF184 29 
BF185 30 
BF194 8 
BF195 8 
BF196 10 
BF197 11 

BF198 23 
BF200 25 
BF218 40 
BF224 20 
BF258 26 
BF336 27 
8F337 35 
BF355 50 
BFX86 28 
BFY50 19 
BFY52 20 
BSY52 30 

BT106 £1.20 
BU105/02 

£1 60 
BU108 £1.80 
BU208 £2.20 
E1222 38 
MJE340 45 

0071 18 

0072 18 

R2008B E1.90 
R2010B £1.90 
RCA16334 80 
RCA16335 80 
TIP31A 52 

TIP32A 62 
TIP41A 60 
TIP42A 75 
2N3055 55 

DIODES 
Each 

Qty Type Price (p) 
BA115 7 

BA145 16 
BA148 16 
8A154/201 12 

8Y126 11 

BY127 10 
BY199 25 

Each 
Qty Type Price (P) 

BY206 17 

BY238 25 
0A90 6 
0A202 8 
IN60/0A91 7 

EHT MULTIPLIERS MONOCHROME B.R.C. 

Qty Type 

2TQ 950MK2 1400 

Price (p) 

£2.05 

2DAK 1500 (17'" x 19") £1.85 
2TAK 1500 (23" x 24") £2.05 

EHT MULTIPLIERS COLOUR 
Qty Type Price each 

11 TAQ ITT CVC 1, 2 & 3 £5.10 
ITN GEC Sobel! f4.50 
IITA2 GEC 2110 £4.50 
IITAM Philips G8 £4.50 
IITBD Philips 550 £4.65 
3TCW Pye 691/693 £3.49 
ITH Decca 30 Series £4.60 
3TCU Thorn 3000/3500 f5.00 
11HAA Thorn 8000 £1.99 
11HAB Thorn 8500 £4.31 
IITCP Bush 823 £5.50 

IN914 6 Qty Type 

20" CME 2013 1N4002 5 

INTEGRATED CIRCUITS 

Each 
Qty Type Price (p) 

ETTR6016 
£2.00 

MC1351P 70 
SN76003N 

£2.35 
SN76013N 

£1.43 
SN76013ND 

. £1.25 
SN76023N 

£1.43 
SN76023ND 

£1.20 
SN76033N 

£2.15 
SN76227N 

£1.45 
SN76532N 

£1.45 
SN76660N 60 
SN76666N 90 
TAA550 32 
TAA700 £3.80 

Each 
Qty Type Prics (p) 

TBA120AS 60 
TBA120SQ 

£1.00 
TBA480Q 

TBA520Q 

BLACK & WHITE TUBES 
with Full Year's Guarantee 

24" CME 2413 

Price each 

£1390 
L15 95 

TOSHIBA TUBES 
with 12 months in service guarantee 

Qty Type Price each 
19" A49 -191X equivalents 

A49 -192 and A49 -120X £52.00 
£1.40 20" 510DJB22 equivalent 

A51 -110X 
E2.40 

TBA530Q 
£1.75 

TBA540Q 
£1.25 

TBA550Q 
E2.30 

TBA560CQ 
£2.40 

TBA800 £1.10 
TBA920Q 

TBA990Q 
£2.90 

£2.50 
TCA270Q 

£2.90 

£54.30 
22" A56/120X £55.40 

* All goods subject to 
settlement discount of 5% 

7days and 2% monthly. 
* Prices subject to 121/27 VAT 

eI ,p, 12 In n * No Postal Charges 

* C.P.C. - Price Quality Service 

* No Minimum Orders 

Around the 

World Export Service 

C.P.C. supply many large Multiple Organisations in the U.K. Contact our 
Export Division for special prices NOW. Or send your order with this page. 

I enclose cheque /PO to the value £ p for the goods as specified above. 

Name Position 

Company 

Address 

Tel. No. 

Send this coupon NOW to 
C.P.C.. Dept.W,194-200 NORTH ROAD, PRESTON, LANCASHIRE, ENGLAND. 
Phone Preston (STD 0772) 55034. Telex 677122 New price 4st 1.4.76 

www.americanradiohistory.com

www.americanradiohistory.com


88 Wireless World, July 1976 

/Marshall's 
A Marshall (London) Ltd Dept:WW 
40/42 Cricklewood Broadway, London NW2 3ET. Tel: 01 -452 0161 /2. 
& 85 West Regent St Glasgow G2 2QD Tel: 041 -332 4133 Telex: 21492 
& 1 Straits Parade Fishponds Bristol BS16 2LX Tel: 0272 -65420112 
& 27 Rue Danton Issy Les Moulineaux Paris 92 

Call in and see us 9 -5.30 Mon -Fri 9 -5.00 Sat 
Trade and export enquiries welcome. Catalogue price 35p (30p to callers) 

OUR RANGE COVERS OVER 7,000 ITEMS THE LARGEST 
SELECTION IN BRITAIN TOP 200 IC'S, TTL, CMOS & LINEARS 

POPULAR 
2N696 0.22 

SEMICONDUCTORS 
293716 1.80 AC153 0.35 5C2574 0.16 81X84 0.30 T1P364 3.70 

CA3020A 1.80 CD4030 0.52 LM7815P 1.60 597413 0.28 S97486 0.29 SN74190 1.88 
2N697 0.18 
29699 0.59 

2N3771 2.20 
2N3773 2.65 

AC176 0.41 
AC187K 0.35 

8C259B 0.17 
BC301 0.34 

BF885 0.30 
8FX88 0.30 

TIP414 0.79 
TIP42A 0.90 

CA30284 0.79 034031 1.98 LM7824P 1.60 SN7416 0.28 SN7490 0.42 SN74191 1.86 29706 0.14 2N3789 2.08 AC188K 0.40 BC30713 0.17 8FY50 0.30 T1P2955 0.98 
CA3035 1.37 CD4037 0.88 MC1303L 1.50 SN7417 0.28 SN7491 0.75 SN74192 1.15 29708 0.17 293819 0.37 AD161 0.69 BC3084 0.15 81551 0.28 71P3055 0.50 
CA3046 0.70 CD4041 0.70 MC131 oP 2.50 SN7420 0.16 SN7492 0.45 SN74193 1.15 2N916 0.28 293820 0.29 40162 0.69 BC309C 0.20 BFY52 0.30 T1S43 0.28 
CA3048 2.11 CD4042 0.83 MCI 330P 0.90 SN7423 0.23 SN7493 0.45 SN74196 1.60 25918 0.32 2N3904 0.19 AF106 0.40 BC327 0.23 BRY39 0.48 51X300 0.13 
CA3052 1.62 C04049 0.45 MC135IP 0.80 597425 0.23 SN7494 0.75 SN74197 1.58 291302 0.185 2N3906 0.19 AF109 0.40 BC328 0.22 ME0402 0.20 ZTX301 0.13 
CA3089E 1.96 034050 0.45 MC1466 3.60 SN7427 0.23 SN7495 0.88 5974198 1.80 2N1306 0.31 2N4058 0.18 AF115 0.35 80370 0.17 ME0412 0.18 ZTX500 0.15 
CÁ30900 4.23 CD4510 1.25 MC1469 2.75 SN7430 0.15 SN7496 0.68 SN74199 1.80 291308 0.47 2N4062 0.15 AF116 0.35 80371 0.22 ME4102 0.11 21X501 0.13 
CA3130 0.68 CD4511 1.94 MC14553 4.07 SN7432 0.22 SN74100 1.10 SN76003N2.92 2N1711 0.27 294921 0.83 AF117 0.35 60372 0.18 MJ480 0.95 ZTX502 0.18 
CD4000 0.18 C04516 1.25 NE555V 0.48 SN7437 0.28 SN74107 0.30 SN7601391.95 292102 0.60 2N4923 1.00 AF118 0.35 BD121 1.00 MJ481 1.20 N914 0.07 
CD4001 0.18 CD4518 1.87 NE556 1.30 SN7438 0.28 SN74118 0.85 SN7602391.80 2N2148 0.94 2N5245 0.29 AF124 A.30 BD123 0.82 MJ490 1.05 N3754 0.36 
CD4002 0.18 CD4520 1.87 NE5B0 4.48 SN7440 0.16 SN74119 1.75 SN76033N2.92 2N22184 0.47. 295294 0.48 AF139 0.65 B0124 1.20 MJ491 1.45 N4007 0.10 
CD4006 0.99 LM301 A 0.48 NE561 4.48 SN 741 0.88 SN74121 0.32 TA4263 1.20 2N22194 0.52 255296 0.48 AF239 0.65 80131 0.40 MJ2955 1.00 N4148 0.07 
CD4007 0.18 LM308 1.17 NE565 4.48 SN7442 0.65 SN74122 0.42 TAA300 1.84 2N2220 0.25 2N5458 0.26 AF279 0.70 813132 0.50 MJE340 0.48 N4504 0.22 
CD4008 0.82 LM309K 1.88 5E414 2.35 SN7445 0.78 SN74123 0.65 74.63504 1.96 292221 0.18 295459 0.29 AF280 0.79 BD135 0.21 MJE370 0.65 N5408 0.30 
CD4009 0.52 LM 380 0.98 $L610C 2.35 SN7446 0.84 SN74141 0.75 TAA550 0.32 2N2222 0.20 2N6027 0.45 AL102 1.00 BD136 0.22 MJE371 0.75 A4119 0.08 
CD4010 0.52 LM381 2.07 S1611C 2.35 SN7447 0.80 5974145 0.72 TAA811C 2.18 292369 0.20 3N128 0.73 BC107 0.14 BD137 0.24 MJE520 0.60 BA102 0.25 
CD4011 0.18 LM702C 0.75 SL612C 2.35 S97448 090 SN74150 1.20 TAA621 203 292646 0.56 39140 1.00 BC109 0.15 BD138 0.26 MJE521 0.70 BA145 0.18 
CD4012 0.18 LM 709 SL620C 3.50 SN7450 0.16 SN74151 0.68 74.66618 1.03 2N2905 0.47 3N141 0.81 8C147(3 0.10 BD139 0.71 MJE2955 1.20 BA154 0.12 
CA4013 0.45 T099 0.38 51621C 3.50 SN7451 0.16 SN74153 0.68 TBA641B 1.32 292906 0.33 39200 2.49 BC1498 0.11 8F115 0.29 MJE3055 0.75 BA155 0.12 
034014 0.89 8DIl 0.45 SL623C 5.75 597453 0.16 SN74154 1.20 TBA651 1.69 2N2907 0.22 40361 0.40 BC1574 0.16 BF117 0.55 MP8113 0.47 551035 0.23 
CD4015 0.88 14011 0.38 S1640C 4.00 SN7454 0.16 SN74155 0.78 TBA800 0.89 2N2926G 0.12 40362 0.45 BC1584 0.16 BF154 0.20 MPF102 0.39 581048 0.45 
CD4016 0.45 LM710 0.47 SN7400 0.16 SN7460 0.16 SN74157 0.78 TBA810 0.98 2N3053 0.25 40406 0.44 BC1676 0.15 BF180 0.35 MPS405 0.25 BY126 0.27 
CD4017 0.88 LM723C 0.86 SN7401 0.16 597470 0.29 SN74160 0.88 TBA820 0.80 2N3054 0.60 40407 0.35 BC1688 0.15 8F181 0.38 MPS406 0.31 BY127 0.29 
076018 0.88 LM741C SN7402 0.16 SN7472 0.21 SN74161 0.88 TBA920 1.79 293055 0.65 40408 0.50 BC169B 0.15 8F184 0.30 MPS406 0.31 81211 0.51 
CD4019 0.52 1099 0.40 SN7403 0.16 SN7473 0.31 5974162 0.88 8DILSKT 0.12 293391 0.28 40409 0.52 BC182 0.12 8F194 0.12 MPS455 0.21 65712 0.51 
CD4020 0.98 BDIL 0.40 SN7404 0.19 SN7474 0.31 SN74163 0.88 1401LSKT 0.14 2N3392 0.15 40410 0.52 BC182L 0.12 8E196 0.13 MPS456 0.31 0A47 0.08 
CD4021 0.88 14DIL 0.38 SN7405 0.19 SN7475 0.45 SN74164 1.60 16DILSKT 0.16 2N3393 0.15 40411 2.00 5C183 0.12 8E197 0.15 0C28 1.48 OAP' 0.18 
C04022 0.85 LM747 1.05 SN7406 0.36 SN7476 0.30 SN74165 1.60 DINPLUGS18p 293440 0.59 40594 0.74 BC183L 0.13 8E198 0.18 0C42 0.50 OAS 0.06 

'CD4023 0.18 LM 748 SN7407 0.36 SN7480 0.42 SN74167 3.30 DIN CHASSIS 293442 1.40 40595 0.84 BC184 0.13 8E2.44 0.21 0C45 0.32 0A91 0.06 
034024 0.72 BDIL 0.44 SN7408 0.19 SN7481 1.00 SN74174 0.99 SOCKETS 11p 2N3638 0.15 40636 1.10 8C184L 0.13 8E258 0.53 11P29A 0.49 0A200 0.08 
CD4025 0.19 14DIL 0.41 SN7409 0.18 SN7482 0.65 SN74175 0.70 3-way. 4-way. 2N3702 0.12 40673 0.73 8C212 0.18 8F259 0.55 TIP29C 0.80 5y164 0.57 
C04027 0.43 LM3900 0.61 SN7410 0.16 SN7483 0.82 SN74176 1.14 5-way 180'. 2N3703 0.13 ACI 26 0.20 BC2121 0.16 BFS98 0.25 TIP31A 0.62 ST2 diac 0.20 
CD4028 0.83 LM7805P 1.60 SN7411 0.20 SN7484 0.95 SN74180 1.10 5-way 240 and 2N3704 0.15 AC127 0.40 BC213L 0.15 13F1139 0.24 11P324 0.74 40669 1.00 
C04029 1.06 LM7912P 1.60 SN7412 0.22 SN7485 1.00 SN74181 1.95 6-way spkr 2N3706 0.15 AC128 0.35 BC214L 0.18 BFR79 0.24 TIP33A 1.01 TIC47 0.38 

LONDON, GLASGOW, PARIS - AND NOW BRISTOL 293708 0.14 
2N3714 1.38 

AC151 0.27 
AC152 0.49 

BC237B 0.16 
BC239C 0.15 

BFX29 0.32 
8F530 0.34 

11P344 1.51 
T1P354 2.90 

21060 0.65 
OPR12 0.60 

ITS OUR SERVICE THAT MAKES US GROW Prices correct at June 1976 but all exclusive of V.A.T. Post & Packing 30p 

MARCONI 
TF 867 

SIGNAL 
GENERATOR 

Range. 15KHz to 
30MHz Output 
0 4 a V to 4V at 13 
or 75 ohms. Impe- 
dance with termm- 
atu n (supplied) 
B Ht crystal 
check facility with 
handbook. 2138 
,ncltdtng carnage 

HEWLETT -PACKARD 
AUDIO GENERATOR MODEL 206-A. Freq 

20c to 20.000c. matching impedance 50. 150. 
600 ohms. Pece 285.00 carriage 14.00 
OSCILLOSCOPES 175A wnh 1 750A dual trace 
ven,cally plug'm and 17818 delay time base 
plug -in, 50MHz m n meter band switch at 50 
My /CM. Modes of operation Single, mixed. 
delaying Full spec and price on application 

DIVERSITY SWITCH TYPE MA16819 Solid state 
246.00. 
REDIFON SSS TRANSMITTER /RECEIVER TYPE 
GR410. Full panicute's and price on request 

SOLOTRON REGULATED PSU MODEL SRS 152. 
0 170n DC to 200mA, 160 -340v 330 -500v and AC 
6 3v 5 amp 235.00. Carnage E5 00 

RACAL RECEIVERS MODELS. RA17 m fully 
working and tuned condition Prices on 
application RA98A ADAPTOR 285.00. 
RACAL FREQUENCY COUNTER SA 550. 
Measure Iraq up to 100MHz also period and 
lime 2135.00 carnage E4 00 
5248 FREQUENCY COUNTER. Measures 
basically to 10MHz Display on neon lomp 8 

decibels P D A 

PHILIPS AUDIO GENERATOR TYPE OM 2308. 
016kc /s Anenuator 0 0001. 0 0003. 0 001 to 1 

with output asym 6 sum and matching impedance 5 

250. 600 6 1.000 ohms Price 2120.00 carnage 
14 00 
FERRANTI SWEEP GENERATOR LF Mk 2. 0 -2 to 

20 c p s Band sweep 1 5 10 15MHz Corner freq 
10.220MHZ 255.00 carriage t5 00 

BOONTON 
AM /FM SIGNAL GENERATOR. 
TYPE 202E & 202H. 54- 216MHz 
in 2 ranges 2275.00. 
SIGNAL GENERATOR TS. 
497 /URS 2 -5Mz, 13MHz, 
30MHz, 78MHz, 180MHz, 
400MHz. 0 1v -1 uv E150 carriage 
£3.00. 

Open Monday to Friday 
9-12.30. 1.30 -5.30 p.m. 

BRUEL 6 KJOER RANDOM NOISE GENERATOR 
TYPE 1402. Freq resp 2020 000 c/o time constant 
0 5 1 5 5 15 sec Matching ,roped 6 60. 600 
6.000 ohms and anenuator 0 04 0 12 0 4 1 1. 4. 
4.000 output level 1 to 10 Price 2155.00 carriage 
1300 
TRIGGERED VACUUM SPARK GAP TYPE ZR 
7512. Capable of switching 15 000 foules at 45KV 
250.00 carriage E2 00 
LOW RESISTANCE HEADPHONES TYPE CLR 
0.50. 40p postage VAT 25% 
CINTEL TYPE 1873 SQUARE WAVE & PULSE 
GENERATOR. Freq Se's to 250KHZ Pulse 0 5 u sec 

03 ..3 Output to 50v for 10001) 6 to 5v for 100í) 
P 0 A 
RADIOMETER TYPE MS111 SIGNAL GENERA- 
TOR. High quality Danish production 1 OK Hz- 11 OMHz 
2200 carnage E5 00 
CT480 SIGNAL GENERATOR. 7 KMC /S ro 12 
KMC /S mod CW F M Pulse 2160 carriage /5 00 
AVO NOISE GENERATOR CT 410 E30 carnage 
2200 
BRIDGE IMPEDANCE No 5. 0 1E/1 OW.) 1 pF 1 :.F, 
,..H -,H 285 carnage E4 00 
EDISWAN STABILIZED POWER UNITS. To 100v 
50MA Type R1280 to 300v.150MA and 
300v -75rnA 
TEKTRONIX OSCILLOSCOPES 535, 545 6 545A. 
With plug in unns CA (33MHz double beam) 
G(20MHZ AllOrennal 50mV -20v) and D (high gain 
differential 1 MV 50v) 
Price on application 

TECHNICAL MATERIAL CORP EXCITER/ 
TRANSMITTER MODE SELECTOR. Freq 
2.32MHz M D and 10 crystal positions Vernier 
tuning US8 LS8 oar earner insertion etc E200 
carnage 11 O 00 
FSK EXCITER. Freq 1 -6 5MHz 0 100Hz 
continued frequency shift up to 600Hz switched 
freq correction Modes FAX. FS MSC CW 
260.00 carnage E5 00 
AMPLIFIER UNIT TYPE 1430. Dynatron 
Production Pulse amplifier with control 

Gifterenhal and 'Integration" time constant 
0 08us to Bis Attenuation to 20db P 0 A 
PULSE ANALIZER. Made by Dynatron with 
discriminator all meter reads, channel width 
threshold level P 0 A 

RHODE 6 SCHWARZ. Z DIAGRAPH TYPE 
ZDU 30.420MHz 50/) Directly measures 
mulutermmal net -works phrase shift phrase 
angle with complimentary POWER SIGNAL 
GENERATOR TYPE SMLM high freq resolution 
internal external mod up to 3v out E750. 
FREQUENCY SYNTHESIZER TYPE XUA. 
30HZ.30MHe wnh FREQUENCY INDICATOR 
TYPE FKM 15 30MHz 30.100MHz 21,000. 

SIGNAL GENERATOR NO 18. 8cm.11cm E85 
carriage 4 00 
SIGNAL GENERATOR NO 13. 20MHz 80MHz AM 
FM !W 1 ./1v E65 carriage t.4 00 
KAHN SSB ADAPTOR TYPE RSSB - 62 - 18. 
Designed for receivers with 455- 500KHZ IF al 100mV 
(max) input Features electronic AFC carrier freq 
diversity to combat fading 20 see R C memory to 
maintain tuning during severe fading Individual carrier 
meters. vishers IOW distortion production 
demodulator E65 carnage E 5 00 
TF 801B/2. Spec as for 801D but minor circuit 
differences Few only left 020 carriage E5 00 

BEST PRICES PAID FOR TEST AND COMMUNICATION 
EQUIPMENT. Single items or quantities. Private or Industrial. 

TF 8010 /1 /S SIGNAL GENERATOR. Range 
10,485MHz in 5 ranges R F output 0 1 V. 1 V 

Source C M Dial calibrated in volts. decibels and 
power relative to thermal noise Piston type attenuator 
501.1) output impedance Internal modulahon at 1 KHZ at 
up to 90H, depth also e nal sine and pulse 
modulation Built in 5MHz crystal calibrator Separate 
RF and mod meters P 0 A 

TF 1066 SIGNAL GENERATOR. Freq 10- 470MHz 
with attenuator EME from 50I) square. --648 Price on 
application 
TF 1060 SIGNAL GENERATOR 450MHz to 
1200MHz with attenuator Output for 0 1 .,V to 4V 
CW. Int A M 6 Ext Pulse 2200.00 carriage E5 00 
TF'1041 B VALVE MULTIMETER. General purpose 
measuring DC voltage from 300mV to 1 000V AC 
voltage from 300oV to 300V at up to 1.000MHz and 
resistance up to 500Mohms Price 285 carriage 13 00 
TF 1370 R.C. OSCILLATOR FOR SQUARE & SINE 
WAVE. Frog -31 6V rms. 10H1-1 MHz square wave. 
0.73 2pp IOHZ100KHz Ahenuator range -- 50db to 
+ 10db impedance 75 100 60011 E145 carriage 
1.500 
EMI OSCILLOSCOPE WM8 AC /DC to 15 m 

0 

s 

Time base 0 1 SMsec. 1 SMsec E40 carriage t5 00 
HR 23 TRIPLE DIVERSITY SSB RECEIVERS. Freq 
3.275MHz V F O at 6 )(tat positions Reception of 
independent single or double side band transceivers 
Full spec on application E350 carnage 1.35 00 
TF 885A/1 VIDEO OSCILLATOR. 0-30KHZ 5MHz 
t Mv.31 6v E85 carnage c4 00 
TF 934 DEVIATION METER. 250MHz 255 carriage 
300 

TE 14005 DOUBLE PULSE GENERATOR WITH 
TM' 6600 SECONDARY PULSE UNIT for testing 
adad nucleonics scopes counters filters. etc 2175 

carnage E5 00 

500/250 MEDIUM WAVE BROADCAST 
TRANSMITTERS. Export only Price and details 
on application. 

VAT FOR TEST EQUIPMENT 

8% PLEASE ADD SOTO 

PLEASE SEND STAMP 
WITH ENQUIRIES 

TF 995A/1 or 
A/2 or A /2M or 
A5 SIGNAL 
GENERATORS. 
Very high etas, 
AM 'FM 1 5MH: 
to 220MHz De 
tailed spec and 
price on applica 
tion 

TF 958 VALVE VOLTMETER. AC voltage 1 5 150, 
at up to 10OMHz DC voltage 1 5 -150v 225 carnage 

1 00 

PLEASE NOTE 
Unless offered as ' as seen" 

ALL EQUIPMENT 
ordered from us is completely 
overhauled mechanically and elec- 

trically in our own laboratories 

SOLOTRON CD 1220 
OSCILLOSCOPE 

With plug -m unns up to 40MHz single beam or 
20MHz double beam 2175.00 plus E6 00 
carriage 

SOLOTRON 
DIGITAL VOLTMETERS 

LM 14202 2 -25uv1 1000v in 6 ranges 
Accuracy 0 05% of range e S1 digit, 
sensitivity 2 5uv per digit E320. 
LM 1426 25mV -1000V in 6 ranges Acc range 1 

in 0 02% E170. 
Also available 

CD 1420 2170. 
CD 1440.2 E220. 

ARS$ D 6 LF SPARES. We hold the largest stock in 

UK write for list 

RF METERS. 0 8 amp 21/4" (USA) brand new E1.50 
P&P 25p 
TELEPHONE TYPE "J" troptcabsed 
10 LINE MAGNETO SWITCHBOARDS 
50 LINE AUTOMATIC PRIVATE TELEPHONE 
SWITCHBOARDS 
CABLE LAYING APPARATUS No 11. New 
Production P 0 A 

FOR EXPORT ONLY 
RCA ET 4336 
TRANSMITTERS 
Also modified of increased output to 
700W 
COLLINS TYPE 231D 4 5KW TRANSMITTER 
10 channel. Autotone and manual tuning 
C13 TRANSMITTERS. 38.62 TRANSCEIVERS 
NO 53 TRANSMITTERS, REDIFON 100W SSB 
TRANSCEIVERS. MULLARD C11 HIGH POWER 
INSTALLATION (1 0001/íR 

COLOMOR 170 Go dhawk Rd., London, W.12 
(ELECTRONICS LTD.) Tel. 01 -743 0899 
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KINNIE COMPONENTS 
10, NELMES WAY, HORNCHURCH 
ESSEX RM11 2QZ 
HORNCHURCH 45167 

CIRCUIT BOARD 
P.C.B. 1 / 16. 1 oz. COPPER 

FORMICA 
Dim. 8.4 x 7.7 in 3 pcs., 80p 
Dim. 9.4 x 8.1 in 3 pcs., 90p 
Dim. 10.1 x 7.9 in 3 pcs., £1.00 p.p. 35p 
Dim. 13:1 x 9.4 in 3 pcs., £1.20 
Dim. 17.0 x 9.0 in 2 pcs., £1.20 
BARGAIN PACK 
10 pcs. 10.1 x 7.9 in. Plus free Y21b etching 
Xtals £3.10 P.P. 65p. 

FIBRE GLASS P.C.B. 
Dim. 6 x 6 in 50p each 
Dim. 12 x 6 in. 75p each 
Dim. 12 x 12 in. £1.30 each 
Equals less than 1p sq. in. 

FIBRE GLASS P.C.B. DOUBLE SIDED 
Dim. 6 x 6 in 40p each 
Dim. 12 x 6 in 65p each P.P. 15p 
Dim. 12 x 12 in £1.30 each , 

P . 15p 

ETCH RESIST PENS 
Pens 55p, P.P. 5p 

RESIST COATED P.C.B. FORMICA 
10.1 x 7.9 in. 65p ea 
13.1 x 9.4 in 75p ea. 

RESIST COATED P.C.B. FIBRE GLASS 
6 x 6 in. 65p ea 
12x6 in. £1.35 ea 
12 x 12 in £2.00 ea. 

BLUE P.C.B. INK 
Etch resist use with any pen. Much cheaper 
than ready loaded pens. 
50 c.c. 55p. P.P 10p. 

FERRIC CHLORIDE ETCHING XTALS 
1 lb - 1 litre pack, 70p P.P. 35p. 
5 lb - 5 litre pack. £2.20 P.P. 65p. 
PRINTED CIRCUIT KIT 
The no frills all value kit. Containing 4 pcs 8 x 
7 Formica laminate. 1 pce 6 x 6 Fibre glass 
laminate, 1 lb Etching Crystals, 50 c.c. 
Resist ink, with instructions. 
£2.40 P.P. 65p. 
BARGAIN PACK FIBRE GLASS P.C.B. 
200 sq. in. all usable pieces £1.25 P.P.25p. 

EDGE CONNECTORS. 54 WAY 
1 Vero size etc. Can be cut to any length. 
55p P.P. 1 Op. Side Guides to suit above 15p 
each. 

UNISELECTORS 
(New) 25 way. 12 Bank (Non bridging), 68 
ohms. £6.50 P.P. 50p. 

MINIATURE UNISELECTOR 
(Ex. Equip.) 6 Bank (5 non bridging. 1 

bridging) 100 ohms 24 -30 V.D.C. £1.50 
P.P. 50p. 

1,000 TYPE KEY SWITCHES 
Single 2 x 2 c/o Locking. 50p. P.P. 1Op 
Bank of 4 -2 x 4 c/o each switch (one biased), 
£1.20 P.P. 25p. 

MULTICORE CABLE 
6 -core (6 colours) 14/0076 Screened P.V.C. 
30p per yard; 100 yards at £16.50 P.P. 2p 
a yard, 7 -core (7 colours) 7/22 mm. 
Screened P.V.C. 30p per yard; 100 yards 
£16.50 P.P. 4p per yard. 

P.T.F.E. CONNECTING WIRE 
1/20 Black or White 100 m. Drum £2.50 
P.P. 30p. 

SIEMENS MINIATURE RELAYS 
6v.4 c/o 65p. 24v 2 c/o 50p. 
MINIATURE RELAYS 
(13/8 X 11/4 x' /2) 24 v.4 c/o 35p. P.P. 5p. 
(MAINS RELAY 240v.a.c. 
3 c/o 10 amp. contacts 80p. with base P.P. 
20p 
24v a.c. RELAY (PLUG IN) 
3 pole c/o 75p. P.P. 15p. 
2 -pole c/o 55p. P.P. 15p. 

MINIATURE REED RELAY 
(1 s1) 12v 1 c/o 50p. P P 10p. 

S-DECS AND T-DECS 
S-DEC £1.90. 
U-DEC A £4.20. 
T-DEC £3.60. 
U-DEC B £6.90. 

OVERLOAD CUT OUTS 
Panel mount ng 800 M /A 1.8 amp. 10 
amp. 55p ea. 

H.D. ALARM BELLS 
bin. Dome. 6/8v, d.c. Heavy cast housing 
for exterior /interior use. £3.75 P.P. E1. 
Connecting wire (twin /twisted) 220yd. reel 
£3 P.P. 75p. 

S.T.C. CRYSTAL FILTERS 
(10.7Mhz) 445 -LQU -901A (50 Khz spac- 
ing), £3. P.P. 20p. 
445 - LQU -901 B (25 Khz spacing). £4. P.P. 
20p. 10.7 Mhz Canned I. Fs. Size 1 x 1/2 x 1/ 
in. (with data) 65p. P.P. 10p. 

3 GANG TUNING CAPACITOR 
8.5 PF, to 320 P.F. 80p. P.P. ,20p. 

V.H.F. /U.H.F. POWER TRANSISTORS 
(type BLY 38) 3 watt output at 100 -500 
Mhz. £2.25. P P. 10p. 

HIGH CAPACITY ELECTROLYTICS 
250mfd / 63 volt, 20p P.P. 8p. 
1,000mfd /100 volt, 70p P.P. 25p. 
2,200mfd/ 100 volt, 90p. P.P. 25p. 
4,700mfd/25 volt, 65p. P.P. 20p. 
6,800mfd /16 volt, 50p. P.P. 15p. 
10,000mfd/25 volt, 75p. P.P. 25p. 
25,000mfd /40 volt, £1.25. P.P. 30p. 
47,000mfd /40 volt, £2.00. P.P. 50p. 
100,000mfd/ 10 volt, £1.50. P.P. 50p. 
160,000mfd/ 10 volt, £2.00. P.P 50p. 

BULK COMPONENTS OFFER 
Resistors /capacitors 600 new components 
£2.75. P.P. 36p. 
Trial order 100 pcs 75p. P.P. 20p. 

AM /FM TUNING METER 
125 -0 -125 ;ILA Edgewise 11/2 x 1/2, £1.10 

SIGNAL STRENGTH METER 

250 µA (ilium.) Edgewise 11/2 x 1/2, £1.10 

OUTPUT METER CLEAR PLASTIC 
500 µA 11/2 x 11/2 , £1.30 

MINIATURE METERS 
500 micro -amp (level stereo beacon, etc) 
scaled half back /half red. Size 1 x 1 in 65p. 
P.P. 15p. 

SMITHS GEARED MOTORS 240V AC 
3 rev. per min. £1.50. P.P. 25p. 
4 rev. per min. £1.50. P.P. 25p. 
6 rev. per min. £1.50. P.P. 25p. 
2 rev. per hour. £1.50. P.P. 25p. 
6 rev. per hour. £1.50. P.P. 25p. 

TELEPHONE DIALS 
(New) £1 P P. 25p 
EXTENSION TELEPHONES 
(Type 706). Various colours. 
£3.95PP.75p 
12V MINIATURE 
UNISELECTOR 
11 ways. 4 bank (3 non bridging, 1 homing), 
£2.50 P.P. 35p. 

HIGH -SPEED MAGNETIC 
COUNTERS 
4 digit (non reset) 24v or 48v 
(state which) 
4 x 1 x 1 in. £1. P.P. 20p. 
5 digit (non reset) 24v £1.50. P.P. 20p. 
3 digit 12v (Rotary Reset) 23/4 x 13/4 x 1'/4 
£1.40. P.P. 15p. 
6 digit (Reset) 220v. a.c. £3.50. P.P. 25p. 

RESET COUNTER (BRAND NEW) 
6 digit 24v. 25 I.P.S. £5 P.P. 25p. 

PANEL METERS 
23/8 in. x 1)/3 T8 500mA 
T1 504A T9 lAmp 
T2 100µA T10 50v.a.c. 
T3 5004A T11 300v.a.c. 
T4 lmA T12 50/0/50fIA 
T5 10mA T13 100 /0 /1004A 
T6 50mA T14 500 /0 /5004A 
T7 100mA All at £3.75. P.P. 15p. 

PANEL METERS 
41/2 ins. x 334 D3 2004A 
D1 504A D4 5004A 
D2 1004A All at £4.60. P.P. 1 -5p. 

S.C.R. - THYRISTORS 
1 amp. 400 P.I.V. 35p 
5 amp. 400 P.I V 40p 

MINIATURE "ELAPSED TIME" 
INDICATORS 
(0.5000 hours) 45 x 8mm 75p. P P 15p 

H.T. TRANSFORMERS Prim 110.240v. 
Sec. 400v. 100 M/A £3. P.P. 65p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 
27 -0 -27 at 800 M /A. £2.35. P.P. 50p. 
L.T. TRANSFORMER Prim. 110/240v. 
Sec. 50v. at 10 amp. £10. P.P. E1.50. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
at 1.5 amp. & 12v. at 1 amp. £2.25. P.P. 
65p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 18v. 
1 amp. £1.10 P.P. 35p. 
L.T. TRANSFORMER. Prim. 240v. Sec. 12v 
at 1 amp. £1 P.P. 25p. 
L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 23/24/25v. at 10 amps £7. P.P. E1 . 

L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 20/21/22v. at 8 amp. £6. P P £ 1 

TRANSFORMERS 

L.T. TRANSFORMER. Prim. 110/240v. 
Sec. 0/24/40v. at 11/2. amp. (Shrouded). 
£1.95. P.P. 50p. 
L.T. TRANSFORMER. Prim. 200/250v. 
Sec. 20/40/60v. at 2 amp. (Shrouded). £3. 
P.P. 70p. 
L.T. TRANSFORMER. (H.D.) Prim. 
200/250v. Sec. 18v. at 27 amp; 40v. at 
9.8 amp; 40v. at 3.6 amp; 52v. at 1 amp; 
25v. at 3.7 amp. £17.50. P.P. £2.50. 
L.T. TRANSFORMER. Prim. 240v. Sec. 20v. 
at 2.5 amp. £2. P.P. 65p. 
L.T. TRANSFORMER ( 'C" CORE). 
200/240v. Secs. 1- 3 -8 -9c. All at 1.5 amp. 
50v at 1 amp. £2.50. P.P. 50p. 

MAIL ORDER ONLY. PERSONAL CALLERS 

L.T. TRANSFORMER ( "C" CORE) Prim. 
120v/ 120v SECS. 1- 3- 9 -20v. 10 amps 
£7.50. P.P. £1.25. 
L.T. TRANSFORMER ( "C " CORE) 
200/240v. Secs. 1- 3- 9 -27v. All at 10 amp. 
£7.50. P.P. £1.50 
L.T. TRANSFORMER ( "C " CORE) 
200/240v. Secs. 1- 3- 9 -20v. All at 4 amp. 
£5.50. P.P. 75p. 
L.T. TRANSFORMER ( "C" CORE) 
120/120v. Secs. 1- 3 -9 -9v. All at 10 amp. 
£6.50. P.P. £1.50. 
L.T. TRANSFORMER ( "C" CORE) 
110/240v. Secs. 1 -3 -9v. 10 amp. 35v. 1 

;amp; 50v. 750 M /A. £6.50. P.P. £1 .50. 

BY APPOINTMENT 
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T I ti 58.60 WINDSOR, aEtxs s Des. 
ADD 8% VAT TO PRICES MARKED * 

¡ 
WINDSOR 

ADD 12'h°ó VAT TO ALL OTHER PRICES. 

EIicTNancs lTLU. ¡!'YAlpR CWO 
20p FOR THE KS1 

ALL FULL SPEC. 
DL707 COM.ANODE & 
DL704 COM.CATHODE 
0.3" 0 -9DP. 89p.ea 

747 JUMBO 0,6" CA 
LED DISPLAY £1,75* 
3015F 0 -9DP C1.25. 

DISCO etc STROBE 
ZENON TUBE £5 ea. 

LE DS Ted [12J"c 
209 STYLE OR 0.2" NO CLIP 11P 
TIL209 or 0,2 "RED & CLIP 13p* 
GREEN LARGE /SMALL & CLIP 22p* 
ORANGE LARGE /SMALL & CLIP 22p* 
ORP12 57p 2N5777 33p* TEC12 50p! 

DIGITAL CLOCKS 1Bá5316 £5* 

WM5314 £3.39* MM5311 £5. 
AY51224 £3.49* PCB £1 
CAPACITORS 
CERAMIC 22pf -O,1uf 50v 5p. 
ELECTROLYTIC:10 /50/100 of 10 or 
25V 7P, 50V 9p, 2uf /10V 6p. 

1000uf 25V 18p.200 /500uf 9p. 
POTENTIOMETERS LIN /LOG 16p ea 
PRESETS 6p, RESISTORS 1 P ea 

HEATSINKS T05/18 7p.T03 15p. 
SWITCHES: SPST 19p.DPDT 24p.1 
DIN PLUGS ALL 12p. SOCKETS 9p. 
ALICASES! AS5/A37 50p Aß13 55p 
TRANSFORMERS ,109mA 89p ea* 
IA /1A 6/12 or12/24 E2 each. 

NEW AUDIBLE WARNING BLEEPER E1 

TRAMPUS FULL SPEC PAKS ALL t] ea 

PAK A 10 RFD LEDS our choice E£ 
PAK D 5 7410 OP A1P 8 PIN £1* 
PAK C 4 253055 £1 *,D 12 BC109E1* 
PAK E 10 ßC182 £1,F11 2N3704 £1 
PAK G 8 BFY51 £1,11 9 2N3819eE1 
PAK J 9 25305 :3 £1.K 40 15914 E1 

NEW PAK N 4 PLASTIC 3055 90W £1* 

IC's ¿ OW PRICES 
703 RF/IF 26p 
709 T099 22p* 
709 DIL 14 280 
710 nIL 14 31p* 
723 Regul'r 45p* 
741 DIL 8 20p* 
741 DIL 14 31p* 
741 TO99 31p 
747 2x741 67p* 
748 DIL 8 27p* 
7805 5V £1.39* 
7812 12V £1.39* 
7815 15V £1,39* 
7900 Series C3 * 

76013 6W AF 75p 
CA3046 59p 
CA3048 £2.20 
CA3054 £2 
ICL8038 £2.69 
LM300 £1.50* 
LM301 OPA 41p* 
LM304 0-40V £3* 
LM308 H1 Bo 95p* 
LM309K 5V £1,75* 
LM372 IF £2.00 
LM377 2x2W £3 

LM3S0 60745 89p 
124381 £2 
L43900 40PA 030* 

M('1353 £1.47 
MC1310 £2.09 
MC1312 SQ £1.50 
MC1318 £2.50 
MC1330 75p 
MC1339 . £1.49 
MC1350/1/2 75p 
MC1466 /9 £3 

MFC4000 1W 59p 
NE536 FETOPA £2* 
NE540 £1.10 
NF.550 2vR' £1 

NE555 TIMER 41p* 
NE556 2x" 84p* 
NE560 PLL £4.00 
NE561 PLL £4.00 
NE562 PLL £4.00 
NE563 £2.25 
NE565 £2.50 
NE566 £1.55 
5E507 £2.20 
SN72741 741 20p* 
SN76660 IF 75p 
5576611 IF E1 

TAD100 &IF £2 
TBAR00 89p 
TBA810 7WAF 80p 
TBA820 £1.40- 
75414 RX 99p 

740 TTL 
FULL SPEC. 5% off 100MIX 

7400 9p* 7474 27p 
7401 1Op* 7476 27p* 

7402/3 llp* 
7404 13p* 
7405/6/7 25p 
7408/9/IO 9p* 
7413 
7420/30 
7440 
7441 
7447 
7470 
7472 
7473 

26p 
12p* 
12p* 
sop 
07p. 
25p* 
22p 

7490 
7491 
7492/93 
7491 
7496 
71100 
74121 
71123 
71111 
74174 
74175 
71190 :I 

37p. 
60p 
43p. 
43p* 
68p* 
£1 

26p 
58p* 
6.4p 
£1 

95p* 

TRANSISTORS 
PRICE EACH:- 
AC127 & 128 10P* 
AC176 15p* 

AC'187 & 188 18p* 

AD149 45p* 
A1)161 & 162 33p* 
BC107 Sp* 
BC107B 12p* 
BC108 7p* 
BC1080 12p* 
BC109 Sp* 
BC109C 12p* 
BC147/8/9 9p 
BC157/8/9 12p 
BC167/8/9 12p 
BC177/8/9 18p 
BC182/3/4A8L10p 
BC212/3/4A8L12p 
BCY70/1/2 16p* 
BD131 & 132 39p 
BFR88 250V 35p 
BFY50 14p* 
BFY51 14p 
BFY52 & 53 14p* 
BSX19/20/21 16p* 
MJ2955 TO3 75p* 
MJE2955 89p* 

MJE3055 04p* 
"'PU131 PUT 49p 

OiIIOS 
NEW MOTOROLA 

CD4000 
('I 14 O n 1 

CI14002 
CD4009 
CD4n11 
CD4013 
('1)4016 

(1D4n1 7 

CD4(Y1R 
CD4n22 
(1)4023 
,D4024 
'1,1927 

ISp* 
lOp* 
16p 
45p* 
17n* 
45P* 
45p 
82p* 
82p* 
77p*' 
lC,p* 

63p* 
45p* 

MATCHING 200 
INS.BUSN SET 6p* 
TIP29 & 30 43p* 
TIP31 & 32 54p* 
TIP41 630* 
TIP42 67p 
TIP2955 990 
TIP3055 67p* 
TIS43 UJCT' 26p* 
ZTX107/8/9 llp 
ZTX300 4304 20p 
7.T5500 &504 42p 
2N706 4 708 llp* 
2N2646 UJT 38p* 
232904 & 5 20p* 
2N2926troyg 9p 
2N3053 160 
253054. 42p* 
253055 115W 37p* 
2N3055 RCA 60p* 
253702/3/4/5 8p 
253706/7/8/9 Sp 
253710 & 11 8p 
2538191: FET 12p 
253820 FET 40p 
2.\3823E FET lCip 

253904/5/6 15p 

254289 mini 31p 
255457 FrCT 45p 

LOG`C 
CD14533 E2.35* 

CD4028 
CD-4O40 
('111047 

CD4049 
C[14054 
CD405.5 
CI14060 
C114071 
C04081 
CD4510 
('DdS11 
CI14S2R 

('D4558 

73p* 
E1 ' 

73p' 
45p* 
94p' 
£l 

Sopa 
17p 
17p* 

NEW FAST SERV10E,1AW PRICES. 
SONNY BACK IF NOT SATISFIED, 
ALL RRAND NEW TOP (TRADE FULL 
SPEC DEVICES,CALImRS WELCOME 
NEW CATALOGUE LI:I' FREE SAE. 
BARCLAYCARD ACCESS BY MIST, 
ce TELWPRONÖ ON £5 MINIWIM 

TELEPHONE 54525 
DIODES 
OA81 & OA91 GERMANIUM 5p. 
1N4001 1A50V & 1N4002 511* 

154004 6p* 154007 91)* 

154148 & 1N914 SILICON 4p. 
ZENERS I1ZY88 400mW 9p. 
ZENERS 11W 17P,Z1Jnoieetl 
BRIDGE RECTIFIER 1A50 18p 
1A400V 25p. 4A100V 45p 

SCR's TRIACS 
SCR's TAG1 /400 1A400V 50p* 
1A5OV 38p* lA 600V 70p 
C1o6D 4A400V SCR ONLY 47p* 
TRIAC SC146D 10A400V £1* 
TRIAC DISCO 16A400V (1,75 
DIACS:ST2 20p.BR100 25p vero 
36PINS 26p *PACE CUTTER49p* 
COPPERCLAD 0.1 PITCH VERO 
21 "x5" 32p* 24 "x31" 29p* 
31 "x5" 37p 31 "x31" 32p* 
31 "x17" £1,70* 
3) "x17" PLAIN 0.1 "(1.06 
DIL BREADBOARD 6x4" [2 

DALE pen 
UAIA I:TCII RESIST PEN 69p* 
FEC ETCH PAK 500gm 89p* 
6x4" COPPER BOARD 50p* 
PCB KIT 3 ITEMS (2 
CASSETTE MECHANISM £9 & AS£12 

TGS GAS DETECTORS 308etc(2* 

OIL so61ets 
TOP QUALITY NYLON 
SOCKETS SPIN 12p* r 

£1.90* 14I'IN 1201SPIN 12p 

(1.10* SOLDERCON PINS: 

£2.35 100 65pí1000(3.50* 

WW - 052 FOR FURTHER DETAILS 

MUIRHEAD D -658 18" MUFAX CHART TRANSMITTERS (Model GA). 
Further details on request. For 110/250v a.c. operation £325.00 
MEGGER (Record): 500 volts £20.00 £1.00 post 
MEGGER (Evershed Vignoles): 250 volts £17.50 £1.00 post 
8216 Receiver MANUAL (photostat copy): £1.50 inc. post 
RACAL I.S.B. ADAPTOR RA -95A: E65. Carr. £2. 
MUIRHEAD ATTENUATORS: 75 ohms 0 -8 Mc /s 3V MAK 3 ranges 0 -5, 0 -25, 
0 -50 DB E3.00 + 75p post. 
CREED MODEL 54 TELEPRINTER: £37.50 each. Carr. £4. 
CREED MODEL 75 TELEPRINTER: Receiver only E30.00. 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. 
METROVAC IONIZATION GAUGE MObEL V.C.3: £55. Carr. £3. 
AVO VALVE TESTER CT.160: (Portable) similar to Avo Mk. 3 Characteristic 
meter. Good condition, £45.00. Carr. £2.00. 
REDIFON TELEPRINTER RELAY UNIT No. 12: ZA -41196 and power supply 
200 -250V a.c. Polarised relay type 3SEITR. 80 -0V 25mA. Two stabilised valves 
CV 286. Centre Zero Meter 10- 0- 10.'Sìze 8in. x 8in. x 8in. New condition. £10. 
Carr. 75p. 
SOLARTRON PULSE GENERATOR TYPE G1101 -2: E75.00 each. Carr. £2.00. 
TELEPRINTER TYPE 7B: Pageprinter 24V d.c. power supply, speed 50 bauds per 
min. second hand cond. (excellent order) no parts broken.,E20 each. Carriage £3. 
AUTO TRANSFORMER: 230V 50c /s, 1000 watts. Mounted in strong steel case 
5" x 61/2" 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. E25. Carr. £1.50. 
SOLARTRON VARIABLE POWER UNIT S.R.S. 1535: 0 -500 volts at 100 mA and 
6.3 volts C.T. 3 amps d.c. 110/250 volts a.c. input. £18.50. Carr. £1.50. 
ADVANCE A.F. SIGNAL GENERATOR HIE: Sinesoidal or square wave output. 
15- 50kHz. Adjustable level between 200uv and 20v. Overall distortion less than 
1 %. Output adjustable 1.4mV to 140V. Waveform ratio 50:50 up to 25kHz. 
Standard A.C. mains input. As new condition £40.00. Carr. £2.00. 
ADVANCE A.F. SIGNAL GENERATOR H.I.: Same frequency and characteris- 
tics as above. Earlier model. Secondhand condition. £25.00. Carr. E2.00. 
ANTENNA MAST: 40ft. aluminium 11/4" dia. in 5ft. sections complete with guys, 
etc. £25.00. Cam. £3.00. 
PULSE GENERATOR PG21: Pulse width variable 15nS to 200msec in 7 ranges. 
Delay variable 40n5 to 200msec with respect to sync pulse output in 7 ranges. 
Jitter less than .1 %. Repetition rate 1Hz to 10MHz in 7 decade ranges. 20MHz 
available in double pulse mode. Pulse mode: normal, square wave and double 
pulse. 240v a.c. As new condition. £125.00. Carr. £2.00. 

ALL U.K. ORDERS SUBJECT TO 

CLASS 'D' WAVEMETER NO. 1: Crystal controlled heterodyne frequency 
meter covering 2 -8 MHz. Power supply 6V d.c. Good secondhand condition. 
£8.50. Carr. E1.50. 
PRECISION PHASE DETECTOR TYPE 205: Freq. 0.1 -I5MHz in 5 ranges.' 
Variable time delay microseconds 0 -0.1c, 115V input. £55 each. Carr. £1. 

RING TOROIDAL DUST CORES: Size 21" outside 13/4 inside 5/16" thick. Box of 
two E1.00. 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. £75 each carr. £2. 
NOISE GENERATOR TF -1106: Frequency 1 to 200 Mc /s Direct noise factor 
calibration. Output impedance 70 ohms £65 each. Carr. £1.50. 

MW -59 UNIVERSAL KLYSTRON POWER SUPPLY: £85. Carr. £3. 
TF- 1278/1 TRAVELLING TUBE WAVE AMPLIFIER: £125. Carr. £2. 
BPL A.C. MILLIVOLTMETER TYPE VM.348 -D Mk. 3: 2 millivolts -2 volts, 6 
ranges. £30. Carr. £1. 

CAWKELL REMSCOPE TYPE 741 : Memory scope, 'as new' cond. £150.00. 
MANSON SYNTHESISER QI15 -URC: 2 -30 me /s. £175.00. 
FIREPROOF TELEPHONES: £25.00 each, carr. E1.50. 

POWER UNIT: 110/230 volts a.c. input. 28 volts d.c. at 40 amps output. £30.00 
each, carr. £3.00. 
SMOOTHING UNIT (for the above): E10.00 each, carr. £2.00. 

X -BAND MODULATOR CALIBRATOR TYPE MC- 4420 -X: Mnfr. James Scott. 
E125 each.Carr. £1. 

BACKWARD WAVE OSCILLATOR TYPE SE -125: 6.3 heater, 105V Anode, 
7.9mA. Mnfr. Watkins & Johnson. E85 each. Carr. £1. 

TEKTRONIX TIME MARK GENERATOR TYPE 180 -S1: 5, 10, 50 MHz. £65. 
Carr. £2. 
ROTARY INVERTERS: TYPE PE.218E - input 24 -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 with original 
calibration charts. Checked out, working order E20 + £1.50 carr. 
SORENSEN VOLTAGE REGULATOR: Input 190/260 volts a.c. Output 220/240' 
volts a.c. 1000 watts. E40.00, carr. £3.00. 

EVERSHED SAFETY OHM. METER: Max IOMa. Test pressure 30v. Complete 
in leather case. £25.00 each, post £ 1.00. 

FYLDE AMPLIFIERS TYPE 154 BDM: Rack mounted 3v d.c. and power supply 
FE.500.TP. £65.00, carr. £2.00. 

AUTOMATIC VOLTAGE STABILIZERS: Input 207 -242v a.c. Output 23Óv a.c. 
at 2.80 amps. E17.50, carriage £1.50. 

VALUE ADDED TAX. 

N wishing to call at 
stores, please telephone 
for appointment W. MILLS 3 & 3a BALDOCK STREET, WARE, HERTS. SG12 9DT 

WARE 66312 (STD 0920) 
and at ELSTOW STORAGE DEPOT. Phone: Bedford 740605 (STD 0234) 
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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 131/2- 11'/än.. 3 speeds. 
.Above motor board 33/4in, 
'Below motor board 21/2in. - 

with STEREO and MONO 
CARTRIDGE £10.25 Post 75p 
B.S.R. SINGLE PLAYER P128 Same as MP60 with stereo 
cartridge cueing device, £17.50. 

PORTABLE PLAYER CABINET 
Modern design. Rexme covered. 
Vynau front grrle. Chrome fittings 
Size 17 x 15 x Bin. approx. £4.50 Post 50p 
Motor board cut for BSR or Garrard deck 

HEAVY METAL PLINTHS 
With P V.C. Cover. Cut out for most B.S.R. or 
Garrard decks. Silver grey finish. Model "A" 
Size 121/2 X 143/4 X 71/241. £5.50 
Model -'B ". Site 16" x 133/4" x Tin £5.85. Post 75p 

COMPLETE STEREO SYSTEM 
Two full size loudspeakers 133/4 x 10 x 3'4ín. Player unit 
dips to loudspeakers making n extremely compact, overall 
size only 1314 x 10 x 81/2m., 3 watts per channel, plays all 
records 33 r. p.m., 45 r. p.m. Separate volume and tone 
Attractive controls £22.50 
Teak finish 240V a.c. 

mains i1 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 of off at full or 
intermediate settings. Brand new and 
fully guaranteed. 

TEAKWOOD LOUDSPEAKER GRILLES will easily fit to 
baffle board. Size 101/2 x 7i/am -45p. ' 

WEYRAD P50 TYPE TRANSISTOR COILS 
RA2W Ferrite Aerial 85p Driver Trans. LFDT4 65p 
I.F. P50 /2CC 470 kc /s 40p Printed Circuit, PCA1 65p 
3rd I.F. P50 /3CC . 40p J.B. Tuning Gang .. E2.00 
P50 /1AC BUp OPT1 65p 

Ferrite Rod B x Thin . 20p. 6 x 5/ 16in , 20p. 3 x Yamm 10p 

VOLUME 
CONTROLS 

5k0 to 2Mí1 LOO or LIN, 
'L /S 25p. D P 4Op. STEREO 
L/S 55p. D P 75p. Edge 5K. 
S P Tranvsrnr 30p. 

80 Ohm Coax 8p yd. 
STANDARD TYPE 
VHF 

FRINGE LOW LOSS 15p 
Ideal 625 and colour yd. 

ELAC HI-FI SPEAKER 
8in. or 10 x 6in. 
Dual cone plasticised roll surround. Large 
ceramic magnet. 50- 16,000 c /s. Bass 
resonance 55 c /s. B ohm impedance, 
10 warts. music power £3.95 Post 85p 

E.M.I. 131/2 x 8in. 
SPEAKER SALE! 
With tweeter and 
crossover 10 watt. 
State 3 or 8 ohm. 
As illustrated 

£5.25' ost 35p 

Bass Woofer, 
15 watts. 
8 or 15 ohm 

£6.60 
Post 45p 

With tweeter and crossover r8.95 
20 watt. Bass res 25 c. p. s. Z. 
Flux = 11.000 gauss. Post 45p 
8 or 15 ohm. 20 to 20,000 c.o.s. 

Bookshelf Cabinet 
Teak finish 16 x 10 x 9in 
For EMI 13 x 8 speakers 

£6.95 
Post 75p 

THE "INSTANT" BULK TAPE ERASER 
AND HEAD DEMAGNETISER. Suitable for 
cassettes, and all sizes of tape reels. A.C. 
mains 200/250V. Leaflet S.A.E. 
Will also demagnetise small £4.35 
tools. Post 30p 

BLANK ALUMINIUM CHASSIS. 6 x 4 -70p; 8 x 6 -90p; 
10 x 7- £1.15; 12 x 8- £1 -35; 14 x 9- E1.50; 16x6- E1.45; 
16 x 10- E1.7O. 
ALUMINIUM PANELS. 6 x 4 -17p; 8 x 6 -24p; 14 x 

3 -25p; 10 x 7 -35p; 12 x 8 -43p; 12 x 5 -30p; 16 x 

6 -43p; 14 x 9 - 52p; 12 x 12- 68p; 16 x 10 -75p. 

ELAC 9 x Sin HI -FI SPEAKER TYPE 
59RM 

This famous unit now available. 10 watts, 8 ohm 

£3.45 P5P 

RCS LOW VOLTAGE STABILISED 
POWER PACK KITS 
All parts and instructions with Zener diode, printed £2.95 circuit rectifiers and double wound mains 
transformer. Input 200/240V a.c. Output Post 45p 
voltages available, 6 or 7.5 or 9 or 12V d.c. up to 100mA or 
less. Size 3 x 21/2 x 11/2 in. Please state voltage required. 

RCS POWER PACK KIT £335 Post- 
12 VOLT, 750mA. Complete with panted 30p 
circuit board and assembly instructions. 
12 VOLT 300mA KIT, £3.15. 9 VOLT 1 AMP KIT £3.35. 

R.C.S. GENERAL PURPOSE TRANSISTOR 
PRE -AMPLIFIER - BRITISH MADE 

Ideal for Mike. Tape, P.U., Guitar, etc. Can be used with Battery 
,9 -12V or H.T. line 200 -300V d.c. operation. Size: 13/4 x 11/4 x 

We. Response 25 c/s to 25 kc /s. 26 dB gain. 
Post For use with valve or transistor equipment. £1.45 30p Full instructions supplied. Details S.A.E. 

ELECTRO MAGNETIC 
PENDULUM MECHANISM 

1.5V do operation over 300 hours continuous on SP2 
battery, fully adjustable swing and speed Ideal displays, 
teaching electro magnetism or for p 5 Post 
metronome, strobe, etc. .7 p 3pp 

R.C.S. "MINOR" 10 watt AMPLIFIER KIT 
This kit is suitable for record players, guitars, tape playback, 
lectronic instruments or small P.A. systems. Two versions 

available. Mono £11.25; Stereo, £18. Post 45p. Specification 
OW per channel; input 100mV; size 9/ x 3 x tin, approx. 

S.A.E. details. Full instructions supplied. AC mains powered. 

MAINS TRANSFORMERS 
AL50PPST 

250-0-250V 70mA, 6.5V, 2A £3.45 
250 -0 -250 80mA, 6.3V 3.5A, 6.3V lA or 5V 2A E4.60 
350-0-350 80mA. 6.3V 3.5A, 6.3V lA or 5V 2A E5.80 
300- 0 -300V 120mA, 6.3V 4A C.T.; 6.3V 2A £7.00 
MIDGET 220V 45mA. 6,3V 2A E1.40 
HEATED TRANS. 6.3V 1/2 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 £4.60. 
1 amp. 6, 8. 10, 12, 16, 18, 20, 24, 30. 36, 40, 48. 60 
£4.80. 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 £11.25. 6.06V 500mA E1, 9V 1 

amp. E1, 12V 300mA, £1, 12V 500mA, £1, 12V 750mA. 
El, 10V, 30V, 40V, 2 amp E2.75, 20V. 3 amp £2.45, 
40V. 2 amp., E2.95, 22- 0 -22V, 4 amp. d.c., E3.45, 16V, 
1/2 amp, £1, 16V, 2 amp., £2.20, 0, 5, 8, 10, 16V, 1/2 

amp., £1.95, 20V 1/2 amp., £1.75, 20V, 1 amp., £2.20. 
AUTO TRANSFORMERS, 115V to 230V or 230V to 115V 
150W £5; 250W E8; 400W £7; 500W £S. 
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. 

GOODMANS 8 -inch 
HI -FI BASS WOOFER 
8 ohm, 10W Large ceramic magnet. Special 
Rubber cone surround. Frequency response, 
30 -8000 c /s. £6.75 Ideal HI -FI Enclosure Systems 

1D 

NEW ELECTROLYTIC CONDENSERS 
2/350V 20p 250/25V 20p 50 +50 /300V SO 

4/3506 20p 560/25V 25p 30.003/25V 95p 
8/350V 28p 100 +100 /275V 65p 32 +321251 V 20p 
16/350V 

. 

35p 150 +200 /275V 70p 32 +32/4506 60p 
32/500V 60p 8 +8/350V 50p 350 +50 /325V Lip 
25/25V 15p 8 +16 /350V 50p 100 +50 +50 /3505 65p 
50/50V 15p 15 +16/350V 60p 32 +32 +32/350V 65p 
1813/256 15p" 32 +32/3506 60p 4700/635 95p 

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 85p. 

.5000mF 6V 25p; 12V 42p; 25V 75p; 35V 85p; 50V 96p. 

rIORT WAVE 100oF air spaced aanaable tuner. 95p. 
TRIMMERS 10pF. 30pF. 50pF, Sp. 100pF. 150pF. 15p. 
CERAMIC, 1pF to 0.01mF, Sp. Silver Mica 2 to 5000pF, Sp. 
PAPER 350V -0.1 7p; 0.5 13p; lmF 150V 15p; 2mF 150V 
15p; 500V -0.001 to 0.05 Sp; 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, 0 -0 208pF + 176pF £2.00 ;500pF standard 
75p; 365 + 365 + 25 + 250, Slow.motion drive 50p. 
120pF TWIN GANG, 50p; 365pF TWIN GANG, 50p. 
NEON PANEL INDICATORS 250V AC /DC..Amber or red, 30p. 
RESISTORS. 1/4W, hW, 1W. 20% 2p; 2W, 10p; 100 m 10M. 
HIGH STABILITY. 1/2W 2% 10 ohms to 6 meg., 12p. 
Ditto 5% Preferred values 10 ohms to 10 meg.. Sp. 
WIRE -WOUND RESISTORS 5 watt. 10 watt, 15 watt, 10 
ohms to 100K 12p each 
TAPE OSCILLATOR COIL Valve type, 35p. 
BRIDGE RECTIFIER 200V PIV Y amp 5Op. 
TOGGLE SWITCHES. S P 20p. D P S T 25p. D.P D T 30p 

RADIO COMPONENT SPECIALISTS 
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BAKER 
r., 

' .. 

_. 

MAJOR 12" £10.35 
30- 14.500 c /s, 12m. double cone,. 
woofer and tweeter cone together 
w :th a BAKER ceramic magnet 
assembly having a flux density ac 

.4 14.000 gauss and a total flux of 
145,000 Maxwells. Bass resonance 
40 c /s. Rated 25W. NOTE: 3 or 8 or 
15 ehres must be stated. 

Module ' kit, 30 -1 7,000 c/s with 
tweeter, crossover, baffle and 
instructions. 

£1 3 Post 60p each 
Please state 3 or 8 or 15 ohms. 

BAKER "BIG- SOUND" SPEAKERS. Post 50p each 

'Group 25' 'Group 35' 'Group 
121n 121n 50/15' 
30W £8.95 40 £ 10.50 15m 
3or8or 15 ohm 3or8or 15 ohm 75W£19.50 

'8 or 15 ohrn 

NEW MODEL BAKER LOUDSPEAKER; 12 -inch 60 WATT 
GROUP 
FULL RA 

50/12, 
ESSIONA QUALITY.WER£1 

30- 16,000 ÇPS MASSIVE CERAMIC MAGNET, Post 80p 
ALUMINIUM PRESENCE CENTRE DOME, 

TEAK VENEERED HI -FI SPEAKERS AND CABINETS 
For 12in. or 1Oin. speaker 20x13x12in. E12.50 Post 95p 
For 13x8in. or Sin, speaker 16x10x7in £5.95 Post 75p 
For Bx5in. speaker 12x8x6in. £4.98 Post 50p 
LOUDSPEAKER CABINET WADDING 18in. wide 20p h. 

R.C.S. 100 watt 
VALVE 
AMPLIFIER 
CHASSIS 
Four inputs. Four way mixing, master volume. treble and bass' 
controls. Suits all speakers This professional quality amplifier 
chassis is suitable for ail groups. disco. P.A.. where high quality 
power is required. 5 speaker outputs. A/C mains operated. Slave 
output. Produced by demand for a quality valve amplifier. 
Send for leaflet. Price £85 cary. £2.50 

SPEAKER COVERING MATERIALS. Samples Large S.A.E.' 
Horn Tweeters 2- 16kc /s, 10W 8 ohm or 15 ohm E3.60 
De Luxe Horn Tweeters 3 -18 k /cs, 30W 8 ohm £7.50. 
CROSSOVERS. TWO -WAY 3000 c/s 3 or 8 or 15 ohm 
E1.90. 3 -way 950 cps /3000 cps, E2.20. 
LOUDSPEAKERS P.M. 3 OHMS. 7x4m. £1.50; 61/2in., 
£1.80; Bx5in.. £1.90; Bin., £1.95. 
SPECIAL OFFER: BO ohm. thin., 2 %in., 35 ohm, tin_ 3in., 
25 ohm, 2% in. dia.. Sin. dia.. 5x3m., 8 ohm, 2'/nn., 3in,, 
31/2in.. Sin., 15 ohm, 31ín. dia., 6x4in. 7x4in -. 5x3in. 3 
ohm., 21/2in , 2 14in., 31/2in. Sin. dia. £1.25 each. 
PHILIPS LOUDSPEAKER, 8in.. 4 ohms, 4 watts, 
ceramic magnet £1.95 
RICHARD ALLAN TWIN CONE LOUDSPEAKERS 
8in. diameter 4W E2.50. 10in. diameter 5W £2.95; 
12in diameter 6W E3.50. 3/8/15 ohms, please state. 
VALVE OUTPUT TRANS. 40p; MIKE TRANS. 50 1, 40p. 
'like trans. mu metal 100 1 E1.25. 

Loudspeaker Volume Control 15 ohms 10W with one inch long 
threaded bush fo- wood panel mounting. %in. spindle. 65p 

3AKER -100 WATT 
ALL PURPOSE 
AMPLIFIER 
All purpose transistorised. 
Ideal for Groups, Disco and P.A. 
4 inputs speech and music. 4 way 
mixing. Output 8/15 ohm, a.c. Mains. 
Separate treble and bass controls. £65 Carr. 

Guaranteed. Details S.A.E. £1.00 each 
NEW MODEL MAJOR -50 wan, 4 input, 2 vol. £49.95 .Treble and bass. Ideal disco amplifier. 

100 WATT DISCO AMPLIFIER CHASSIS 
volume. treble, bass controls. 500 M.V. input. £52 Four loudspeaker outputs 4 to 16 phm 

BARGAIN 4 CHANNEL TRANSISTOR MONO MIXER 
Add musical highlights and sound effects to recordings. 
Will mix Microphone, records, tape and tuner £5.20 with separate controls into single output. 9V. 

TWO STEREO CHANNEL VERSION £6.85 
BARGAIN .3 WATT AMPLIFÍSR. 4-Transistor 
Push -Pull Ready Built, with volume. Tréble £3.95 
and bass controls. 18 volt d.c. Mains Power Pack E3.45 

COAXIAL PLUG PANEL SOCKETS 10p. LINE 18p. 
OUTLET BOXES, SURFACE 40p. FLUSH 60p. TWIN 85p. 
BALANCED TWIN RIBBON FEEDER 300 ohms. 7p yd. 
JACK SOCKET Std. open-circuit 20p, closed circuit 25p; 
,Chrome Lead -Socket 45p. Mono or Stereo. 
Phono Plugs 8p. Phono Socket Sp. 
JACK PLUGS Std. Chrome 30p. Plastic 25p. 3.5mm 15p. 
DIN SOCKETS Chassis 3 -pin 10p. Spin 10p. 
DIN SOCKETS FREE Spin 25p; 5 -pin 25p. DIN PLUGS 
Spin 25p; 5-pin 25p. 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. 
lEasy to build. Full instructions supplied, cabinet. E3. 
As featured in December F'ractical Wireless. 

E.M.I. TAPE mIOTORS. 240V a.c. 1 :200 
r p m. 4 pole 185mA. Spindle 0.187x0.75in, 
See 3'/ x 21/2 e 21/4in. £2. Post 40p 
120V Model, £1 

337 'WHITEHORSE ROAD, CROYDON 
Open 9.6. Wed. 9.1. Sat. 9 -5 (Closed for lunch 1.15.2.30) 

Radio Books and Components Lists 10p. (Minimum posting charge 30p) All prices include VAT (We accept Access or Barclaycard) Tel. 01 -884 1685 
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MULTIMETER 

AC/ 
AC 
Resistance 
Accuracy: 

Mirror 
amplifier 
and 

Meter 
achieved 
Dimensions: 

F4313 (Made in USSR) 

-- a a 

' 
r'''..----N\ SENSITIVITY: 

1200V DC range: 10,000 0/V 
Other DC ranges: 20,000 0/V 
1200 AC range: 6,000 0/V 9 

:,. 600V AC range: 1 5,000 Q/V 
300V AC range: 15,000 Q/V 
Other AC ranges: 20,000 Q/V 

DC current ranges: 60- 120 -600 uA- 3- 12-300mA- 1.2.6A 
/DC voltage ranges: 60- 300mV -1 .2 -6 -30 -120- 300 -600 -12000 9 9 

ranges: 3000 -10- 100 -1000K 
1.5% DC; 2.5% AC (of full scale deflection) 

scale and knife edge pointer. Taut suspension of movement. Transistor 
is used for all AC ranges thus achieving a common linear scale for both AC P 9 9 

DC ranges. 

is fully protected for a transistorised cut -out relay circuit. Range selection is 

by clearly marked piano keys. Power source: 5 1.5V dry cells. 
95 x 225 x 120mm 

PRICE £37.50 plus 68Z6 

Packaging PR and postage 
VAT 

P g 1 T 

0A2 0.45 
003 0.55 
082 0.45 

0C3 0.45 
003 0.45 
5R4GY 1.00 
5U46 0.55 
5146 0.55 
5Y36T 0.65 
6084 0.50 
6A15 065 
60(5 0.45 
ML5 0.30 
60135 0.50 
6AT6 0.60 
6006 0.50 

MWM 0.75 
60ÚB 0.40 
6806 0.38 
68E6 0.45 5005 

613146 0.75 5763 
0. 68J6 75 FABCBp 

6885 0.80 EAC9I 

6888 0.65 EAF42 

0.55 EAF801 

6827 0.70 EBC4I 

6CA 0.40 E3C81 

6086 0.50 EBF80 

6EÁ8 0.75 E6F83 

6GK5 0.70 EBF89 

GK6 0.65 EC86 

6J4 0.75 EC88 

6J56T 0.55 EC91 

GJ6 0.35 ECC40 

6LOGT 0.60 ECC81 

6SL7GT 0.55 ECC82 

631116T 

2A17 

2AU7 

20X7 

2840 

213Á6 

20E0 

2887 
2X4 

9111)5 

3005 

35A3 
3505 
3585 
35C5 

35A5 

35WÁ 

5005 
SOBS 

0.55 
0.45 
0.38 

0.38 
0.80 
0.60 
0.60 
0.60 
0.50 
0.75 
0.70 
0.70 
0.80 
0.70 
0.70 
0.80 
0.60 
0.85 
0.85 
0.70 
0.40 
0.40 
0.55 
070 
0.65 
0.75 
0.50 
0.50 
0.50 
0.40 
0.75 
0.75 
2.60 
0.80 
0.45 
0.38 

FULLY GUARANTEED 
KT66 3.40 

-_--- KT88 3.65 

PC116 0.65 - y ¡ y PC8.8 0.65 
PL5113 0.55 

¡ I6\ PCC84 045 
PCC135 0.45 

r PC088 0.65 
1......--- VALVES PCC89 0.55 

ICCI89 0.65 
ECC83 0.38 Fí86 0.40 PCF80 0.40 
ECC84 0.35 EFI83 035 PCF82 0.40 
ECC85 0.45 EF184 0.40 pu86 0.65 
ECC86 1,25 EFL200 075 PCF200 0.80 
ECC88 0.60 E134 0.70 P0í201 0.65 
ECC89 0.60 EL36 0.60 P0í601 0.55 

ECC189 0.80 EL41 0.80 PCF802 0.55 
ECF82 0.45 EL82 0.60 075 
ECF82 0.45 EL82 0.60 FlYgl 0.55 

ECF86 0.75 E183 0.60 PCL82 040 
E0í801 0.75 E1.84 0.35 PCL83 0.70 
ECF802 0.75 EL90 0.50 PC1.84 050 
ECH42 0.85 EL95 0.70 PCL85 0.60 
ECH81 0.50 EL500 0.80 pcum 0.60 
ECH83 0.50 EM80 0.55 PCL200 075 
ECH84 0.50 18181 0.60 p0500 1.70 
ECM 0.40 EM84 0.40 PFL200 0.70 
EC181 0.75 EY5I 0.45 pL35 0.40 
ECL82 0.42 EY5I 0.45 pL36 060 
ECL83 0.75 EY87 0.50 PL38 0.65 
ECL84 0.60 EY88 050 P1.81 0.55 
ECL85 0.65 EZ40 0.60 P182 0.50 
ECl86 0.55 E241 0.75 Plg3 0.50 
EWA00 4.50 EZ80 0.30 Pt84 0.50 
EF80 0.35 f181 0.35 PL95 0.70 
Ef85 0.45 GZ34 0.75 P1504 0.90 

PL508 

P1.509 

PL802 

PY31 

PY33 

PY81 

PY82 

PY88 

PY500A 

PY800 

7721 

7722 

UAF42 CA F42 

U6C4I 

U6C0I 

Ú8f80 
Ú8F89 

UCC84 

UCC85 

Ú0F4 
UCH42 

UCHBI 

LLgg2 
urd03 
um 
ÚF42 
1á80 

Uí85 

11089 

0141 
ÚL84 

Ú741 

ÚY42 

ÚY82 

PBS 

0.90 
1.30 

1.40 
0.50 
0.63 
0.45 
0.45 
0.50 
1.10 
0.50 
5.90 
5.90 
0.50 
0.70 
0.00. 

050 
0.50 
0.55 
0.75 
0.50 

1 

0.80 
0.80 
0-50 
0.40 i 

0.70 
0.75 
0.75 
0.48 
050 
0.50 
0.70 
0.50 
0.55 
0.55 
0.60 
0.50 

-. 

`_ 

OSCILLOSCOPE C I- 5 
Made in USSR 

Extremely 
oscope5i Well andved 

easy to use 
design based 

single 
! o glstandard 

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 
purposes where a sophisticated instrument would be 
both too expensive and delicate. 3 -in. tube giving a 50 
x 50mm clear display. Amplitude and time base 
calibrations. Sensitivity 30mm /v max Triggered and 
free- running time base. suitable for displaying pulses 
from 0.1 u sec. to 3 m sec. A.C. mains operation. 

j' Price £55.00 ex. works 
Packing and carriage (U K only £2.50) 

HIGH GAIN DARLINGTON PAIRS 
Plastic 3 -Lead Case Darlington Pairs. Typical 
current gain 30.000. Max. collector voltage 
VCBO 40V, Max. collector current 400mA. 
ICBOlOnA. 
BC516 PNP £0.80 
BC517 NPN E0.80 

TRANSISTORS FOR T.V. 

X200088 0.95 
R2010B 1,65 
BÚ126 1.55 
BU133 1.55 
BÚ208 2.00 

Z& i 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 - 047 FOR FURTHER DETAILS 

Displays from major manufacturers backed by our no- quibble guarantee CMOS from the leading manufacturers only 

Pnit No 
FND500 
TIL322 
TIL321 
XAN654 
XAN652 
MAN3M 
SLTO1 

Manufacturer 
Fairchild 
Texas Insu 
Texas Insu 
Raton 
)(coon 
Monsanto 
Futaba 

Colour 
Red 
Red 
Red 
Green 
Green 
Red 
Green 

FND500 
Outstanding Value: 
Only £1.02 each for 
this high quality 
display. 

Type 
Common Cathode LED 
Common Cathode LED 
Common Anode LED 
Common Cathode LED 
Common Anode LED 
Common Cathode LED 
4 dig Phos Dinde 

Sue 

13mm 
13mm 

0 6" 
0 13" 
0 5" 

Pnce 
E1.02 
E1.20 
51.30 
£1.76 
51.75 
46p 
E5.60 

Note TIL322's the Texas Instrument pin-for-pin equivalent of the FND500, may be supplied instead 
of FND500 s - please state if you would not want this substitution, e g if you want FND500 -s to 
match a previous purchase 

DISPLAY PCB' (wired for multiplexed output -- each PCB lits neatly into Verocase J) 
For FND600 or TIL322 or TIL321. 0500 -6 (6 digit clock) E1.35; 0500 -4 14 digit clock) 9op; 
0500.8 (up te 8 digits counter etc 1 E1.35. 
For DL704 0704 -6K (6 digit clock) £1.35; 0704-RC (up to 8 SQ.,. counter) £1.36. 

ADD VAT at standard rate (now B %) - 25p p&p on all orders Price List sent with orders o 
r 

on 
request. Data available on request Export no VAT 50p (Europe). r. l (Overseas) for Air Mad p&p Mo 
Export outside Europe for databooks and transformers) 

SINTEL 53c 
ASTON 

STREET, 
OXFORD 

CD4000 0.18 C04028 0.78 CD4053 0.81 CD4086 0.62 
CD4001 0.18 CD4029 0.99 CD4054 1.01 C04089 1.34 
CD4002 0.18 CD4030 0.48 CD4055 1.14 CD4093 0.69 
CD4006 1.02 CD4031 1.92 CD4056 1.14 CD4094 1.62 
CD4007 0.18 CD4032 0.92 C04057 21.56 C04095 0.91 
CD4008 0.83 CD4033 1.21 CD4059 4.77 C04096 0.91 
CD4009 0.48 CD4034 1.65 C04060 0.97 C04097 3.12 
CD4010 0.48 CD4035 1.02 CD4061 18.92 CD4099 1.59 
CD4011 0.18 CD4036 2.23 CD4062 7.77 CD4502 1.07 
CD4012 0.18 CD4037 0.83 CD4063 0.95 CD4510 1.18 
C04013 0.48 C04038 0.93 C04066 0.61 CD4511 1.36 
CD4014 0.87 CD4039 2.23 CD4067 3.12 CD4514 2.72 
CD4015 0.87 CD4040 0.92 CD4068 0.20 CD4515 2.72 
C04016 0.48 CD4041 0.73 CD4069 0.20 CD4516 1.18 
CD4017 0.87 C04042 0.73 CD4070 0.48 CD4518 1.08 
C04018 0.87 C04043 0.87 CD4071 0.20 CD4520 1.08 
CD4019 0.48 CD4044 0.81 C04072 0.20 CD4527 1.37 
CD4020 0.97 C04045 1.22 CD4073 0.20 CD4532 1.25 
CD4021 0.87 CD4046 1.18 CD4075 0.20 CD4555 0.78 
CD4022 0.83 CD4047 0.78 CD4076 1.34 CD4556 0.78 
CD4023 0.18 004048 0.48 CD4077 0.48 MC14528 1.01 
CD4024 0.67 CD4049 0.48 C04078 0.20 MC14534 6.04 
CD4025 0.18 CD4050 0.48 C04081 0.20 MC14553 4.07 
CD4026 1.50 CD4051 0.81 CD4082 0.20 MC14566 1.21 
C04027 0.48 CD4052 0.81 CD4085 0.62 MCM 14552 8.05 CA3130 0.88 

CLOCK CHIPS 
MK50250 5.00 
MK50253 5.60 
MK5030M 

12.50 
AY1202 2.89 
4551224 3.50 

FLAT CABLE 
20 WAY Im 

1.00 
10 metres 5.60 
10 WAY tin 

0.60 
10 metres 4.50 

Motorola MOMOS Detabook (Vol 5 Series A) £2.77 No VAT) 
IC SOCKET PINS. Lowest Cost Sockets for CMOS, HL IC's. Displays Strip of 100 pins for 50p. 
400 for E2. 1000 for £4. 3000 for £10.50. 
Verociwes. White ABS Cases with PCB guides. etc . front and rear aluminium panels. 75 -1410J 
205 s 140 a 40 mm E2.54. 75-1411D 205 a 140 x 75 mm E2.94. 
S-seey BOSS Switch fer programming. BCD. etc. 18 ulnamm toggle switches in 16 pin DIl 

E2 -80 
DL704E 03" Common Cathode Red LED Now only 75p 
ADVANCED CLOCK KIT. Complete kit including attractive shin case for 6 digit alarm clock with 
bleep alarm. snooze and automatic intensity control. high brightness display driving - with 
optional touch switch controls and crystal control, battery back -up (both extra) using M K50253 and 
Jumbo 0.5" LED displays Kit also ccludes PCBs. active and passive components. IC socket 
miniature cool transformer. switches, flat cable. loudspeaker, perspex panel and full instructions 

£26.50 
CRYSTAL TIMEMSE KIT. All components including PCB (47 e 59mm) to provide 50 cps for 
clock IC's. giving time accurate to a few seconds a month Kit includes PCB. 32 768 kHz miniature 
watch Crystal. trimmer. 3 CMOS IC's and sockets, C s, Rs £8.28 
Advanced Clock Kit + Crystal Timebase Kit + Battery Backup Kit £33.55 
The clock will keep correct time if mains power is disconnected 
32788 kHz. Min Watch Quartz Crystal E3.60. 5 12 MHz Quartz Crystal £3.80. 
PE CAR CLOCK with Journey Timer. 6 digit clock for use on any car with 12V battery with an 
independent 6 digit. 24 -hour, Journey timer incorporated Jumbo LED display comes on with 
ignition - automatic intensity control Complete kit of all parts needed including case. PCe and all 
components £39.60 
Easy to Build EE DIGITAL CLOCK (Jan '76) Kit of all components including case. PCB. min 
transformer. etc.. to build this attractive 4 digit clock with 0.5" green display E15.70 

SINTEL 
Official Orders Welcomed. Terms 30 days for written or 
phoned Orders from Companies. Govt Depts.. Nat 
Industries. Unies Polys. etc Fast delivery for R&D. 
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BI -PRE -PAK 
Bargains in Semi -Conductors, components, modules & equipment. 

BPP Packs 

Originated in 1959 by the Company's managing 
director, his were the first semi- conductor and 
component packs to be marketed in this country, and 
indeed, the company's name grew out of "British 
Industrial Pre -Packed Components ". Today, Bi- Pre -Pak 
continues to occupy a position of pre -eminence in the 
supply of packs as well as a vastly extended range of 
products detailed in our latest 24 -page A.4 size free 
catalogue. Send 10p stamped large addressed 
envelope for your copy by return. 

ITS ALL IN OUR FREE CATALOGUE 

Component Packs 
CP1 150 Capacitors mixed bag of paper silver mica electrolytics 

etc Approx quantity counted by weight 60p 
CP2 200 Resistors mixed bag of different types values wattages 

etc Approx quantity counted by weight Epp 
CP3 40 Wirewound resistors mixed types values and wattages 

60p 
CP4 12 Potentiometers presets w. wound carbon etc Mixed 

types and values 60p 
CP5 5 Earphones single low impedance for transistor radios 

cassettes etc Less plugs for suitable plugs see PAKs CP9 
and CP10 60p 

CP6 50 10.5 mounting pads fits between transistor and board for 
that pro finish 80p 

CP8 500 Cable clips for G P 0 '." die cable Nylon with hardened 
steel pin (probably tungsten) per sealed box of 500 60p 

CP9 5 3 5mm plugs miniature lack to fit earphones in PAK CP5 

6 CP10 5 2 boor sub miniature lack plugs to fit earphones in PAK 
CP5 

CP11 6 Screwdrivers , I e mains neon tester 5 x grub screwdrivers 
60p 

CP12 10 Reed relay inserts 1" long '4" die These will operate from 
an external magnet or coil For magnets see PAK 
CP13 

CP13 10 Magnets of various sues for operating reed switches on 
PAK CP12 Ideal for burglar alarms on doors and 
windows. etc Sop. 

CP14 40 Potentiometers. presets w re 
o 

unds.. carbons. dual gangs 
with and without switches etc Mixed values and 
wattages E1.20 

CP15 12 Standard crocodile clips screw fixing good quality 60p 
CP16 5 P C boards each containing a 8E180 UHF amplifier 

transistor A good basis for building a T V aerial pre amp 
as us parts inc 60p 

CPI 7 25 Electrolytic Capacitors various values and voltages many 
useful types. from T V to transistor radio and HI-FI 60p 

CP18 1 Light activated SCR 50 volts 1 6 amps type L9F Ready 
mounted on PC board with gate res.stor and leads fitted 
Full data and circuit diagrams for 14 protects includes 
slave photo flash unit burglar alarm. etc 

CP19 3 Micro switches 1 pole change over standard model 1 'Y' 
60p 

CP20 10 Relays assorted types Ex-G P 0 and others mixed 
voltages 

s 

E1.200 
CP21 200 Square inches of copper laminate P C board in approx 8 

pieces Sopo 
CP21 3 Fibreglass plain printed circuit boards approx 2'2" x 14" 

60p 
60p 4 Swiii ri,, nruiiatiire push to make soi,, pole 

YOUR SUPPLIERS FOR: 
Sem onduc - all types. Opto.electronic 
devices i .t N Nixie Tubes, Solder Tools, Terminals. 
Switches Knobs, E.- G.P.O. items. Aluminium Boxes, 
Treace, Thyristors, Zener Diodes and much more in our 
catalogue and shop. 

Semi - Conductors 
TESTED AND GUARANTEED PACKS 

TPd :1 SN7490 integrated incuits 14 pin dual i, e TTL type 
Decade counter Get one FREE these are 60p each in 
singles E1.20p 

ALL THE FOLLOWING ARE AT 60p EACH PACK 

TP9 5 587400 integrated circuits 14 pen dual in line TTL type 
Quad ?Input NAND gate Get one FREE. these are 15p 
each 

TP10 2 Light dependant resistors 400 ohms light 1 megohm 
dark '4" dia 

TP11 10 Transistors %8102 and %8112 equivalent to AC126 
AC156 OC81/2 0072 etc 

TP12. 4 BY127 Srllcon rectifiers 1000 pio 1 amp Plastic T V 
other 

TP13 5 OCP71 Light sensitive transistors 
TP14 20 OC71 Germanium PNP audio pre amp tranerstor black 

glass type 
TP15 20 OC81 Germanium PNP audio output transistor white glass 

type 
TP16 20 OC200/ 1 /2/3 transistors PNP vllcon TO -5 unmarked 
TP17 20 1 watt zener diodes mixed voltages 6 8 to 43 volts 
TP18 20 2N3707 .8/ 9. 10 transistors. NPN silicon plastic 

unmarked r 

TP19 100 Diodes, mature of germ gold bonded silicon etc a 
useful selection of many types marked and unmarked 

TP20 10 Mullard 0C45 transistors I F amp PNP germanium 
TP23 20 BFY5O71 /2 2N696/7. 2N1613. etc NPN silicon 10 -5 

uncoded COMPLEMENTARY TO PAK TP24 
TP24 20 BFY64282904 /5 etc PNP silicon TO -5 uncoded 

COMPLEMENTARY to PAK TP23 
TP30 20 NPN silicon planar transistors 70.18 similar to BC108 

etc uncoded 
TP31 20 PNP sncCon planar transistors TO -18 similar to BC178 

etc uncoded 
TP32 20 282926 silicon plastic transistors uncoded and ungraded 

for colours 

UNTESTED PACKS - 60p each 
Specially for keen bargain hunters 
UT1 50 PNP germanium transistors AF and RF Very good yield 
UT2 150 Germanium diodes miniature glass type 
UT5 40 Zener diodes. 250 mW OAZ240 range average 50r' 

UT6 25 
good 

diodes. 1 1'h watt top hat type mixed voltages 
UT9 40 NPN silicon planar transistors of the 283707 -11 range 

low noise amp 
UT10 15 Power transistors PNP germanium and NPN silicon 

mostly TO -3 but some plastic and some marked 
UT13 15 Integrated circuits experimenters pak dual in line. TO.5 

TTL DTL marked and unmarked some definitely good but a 

old types 

FOR FULL RANGES - SEE CATALOGUE 

POWER TRANSISTORS 
Vice Warts 

40P1 15 
4082 40 
401.2 40 
9081 15 
9oP1 15 
90102 40 
90P2 40 

IcAxeps Price 

3 JOp 
4 30p 

40 4 Sop 
45 4 25p 
45 4 25p 
90 8 35p 
90 8 35p 

Many other types available from 3 to 115 watts 

INTEGRATED CIRCUITS 
MM5314 Dual In line clock chip E3 
LMS380'SL60745 Dual In line 2w audio amp with data etc 75p 
Dual in line I C sockets 8 pin 14p; 14 pin 15p*,, 16 pin 16pr. 

FETs 
2N3919 
2N4416 
MOS F.E.T.s 
3N141'MEM616 

UNI-JUNCTION 
lap TRANSISTORS 
20p 2N2160 65p 

2N2646 48p 
50p TIS43 31p 

Also' Power Diodes, Thyris- 
tors_ Trises, Diacs -Zner 
Diodes, Opto- Electronics, etc. 

WHEN ORDERING 
Write your own name and address 

clearly in block capital letters 

Check that your order i ar < rt loi 

description, quantity and price 

Don forget VAT al 12' '/i'16 of total value 
of order unless otherwise .narked. or 
t8 %/ 

MAKE SURE YOU GET OUR NAME 
AND ADDRESS RIGHT WHEN 
ORDERING. 

Mention this Tourna/ when ordereng il viii, 
don't want ro cut our the coupon 

PUT. 
2526027 50p 

LEDs 
TIL209- -Red 189 
TIL211 -Green 33p 

BI-PRE-PAK LTD 
Co Reg No87(1'119 

222 224 WEST ROAD,WESTCLIFF -ON -SEA, ESSEX SSO 9DF. 

TELEPHONE: SOUTHEND (0702) 46344. 
FIRST IN U.K. WITH PACKS FOR ELECTRONIC USERS 
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Singles 
BRIDGE RECTIFIERS Plastic encapsu- 
lated 
P.1.8 50v 100v 
lamp 25pr 35pr 
2 amp 35p* 45p 
4 amp 45p 50p 
6 amp 50pe 6017 
BY164 equry SKB2 /02400v 1 5 amp 45p. 

400e 
45g 
55p 
80p 
90p 

Sundry 
SIGNAL GENERATOR 
Ent MW and IF Coven 550 KHz to 1 6 MHz for MW and 400 to 
550KHa for IF Fully portable Invaluable in AM repair and alignment 
lobs W/O 40171 E4.280 

POCKET SIGNAL INJECTOR 
Fountain -pen type Invaluable for fault tracing in radio sels amplifiers 
TVs tape recorders etc Takes one HP7 battery £2.00. 

EX- G.P.O. 5" SIDECUTTERS 
Not new but In perfect order per pair 

EX- G.P.O. 6" LONG NOSE PLIERS 
Not new but In perfect order per pan 

MAINS TRANSFORMERS 
MT6 6v 0 6v 100mA 
MT 1 2 12v 0 12v 50mA 
SST9'1 ev lamp 
SST12 I 12v lamp 
SST18 /1 TBv lamp 
SST25/2 25v tamp 
SST30/2 30v tamp 
55735/4 35v 4emp 

IP 'P 50p any one) 

sop 

60p 

E1.22r 
E1.22e 
E1.67 
£2.05 
£2.500 
E3.00e 
E4.25 
E5.50 

PC EDGE CONNECTORS 
Type Sizes Pitch 
SSEC 6.way 1'4" 156" 32p 
SSEC 10 1'4" 156" 50p 
SSEC 12 2" 156" 60p 
SSEC 16 2' /x" 156" 75p 
SSEC 78 3" 156" 85p 
SSEC 22 3o 156" 1.00 

UHF TUNER UNITS 
Brand new by famous manufacturer 625 lines Channels 21 65 Ideal 
for use as TV sound receiver With data E2.50 

BOOKS 
All free of VAr We carry very large stocks of technical 
books by Saban; & Bernard Publishers, by Newnes and 
Butterworth as well as reference books from the Common 
Market in English /German /Italian All detailed in our 
catalogue 

MONEY SAVER FOR CAR OWNERS 
The Super Unit developed 

include simple adal'.' ¡ins Dr neg earth immediate switch back to 
COnventronál 1.15101 immobilisation with all parts in totally 
enclosed strong ong n 

e 
Very easy to lit and install With full 

instructions (P' P add Sopl 
"A very good investment indeed" (Preened Wireless. May '76l. 

KIT £7.95* READY -BUILT £10.50* 

X-44 R.F. POCKET SIZE 
CROSS HATCH GENERATOR 
Improved version of oui famous Mk 2 model of which thousands are in 
regular use Sue 150x 75x 50mm strong plastic case with 
handle /stand 4 push button operation 4 patterns Self- contained line 
and frame generator and syncnro pulse Pre -set adjust for R F output 
and line 'frame synch Uses 4 alkaline type 1600 bans Blank raster 
facility FOR COLOUR AND MONO IP P ,add 3501 

£27.50 'eé5'ed 

* SOME SPECIAL OFFERS 
FM STEREO DECODERS 
I C unit for negar ve earth wi;h data E1,95 
Transistorised verson for positive earth E1.75 
RADIO SET CHASSIS 
On PCBs unsorted useful for experimenting etc various kinds 
(cannot be exchanged) AM FM E1.00 
AM types each 75p 

TERMS OF BUSINESS: 
VAT ,n 1 21'i ki must be added to total value of order. except for items marked *or (8 %), 
When VAT is to be added at 8% No VAT on overseas orders POST & PACKING add 
30p for UK orders except where shown otherwise Minimum mall order acceptable -E 1 

Overseas orders addil for postage. And difference wi'I be credited or charged. PRICES 
Subject to alteration without notice. AVAILABILITY All items are available at time of 
going to press when every effort is made to ensure correctness of information Cash with 
order please Cheques or money orders should be crossed and made payable to 
Bi-Pre -Pak Ltd 

MEIIIIIMEMEMMMEMEMIIIMMill- 
To: BI- PRE -PAK, 220/222 WEST RD. I WESTCLIFF -ON -SEA, ESSEX SSO 9DF 

1 

Please send , 

for which I enclose 

NAME 

ADDRESS 

Inc VAT 

, 
1 

I' 
' 
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I- By J. L. Linsley Hood 

C13 
Price 

C.) Pack 
I. Rbreglass printed-circuit board for power ampE0.85 

61.:s.- 2. Set of resistors. capacitors. pre -sets for power 

amp E1.70 
3. Set of semiconductors far power amp E6.50 

+-' 4 Pair of 2 drilled. finned heat sinks £0.80 
C/3 5. Fibreglass printed -circuit board for pre -amp E1.30 
a) 6. Set of low noise resistors. capacitors. pre -sets for 

pre -amp E2.70 
7. Sel of low noise. high gain semiconductors for pre -amp 

E2.40 

O. Sel of potentiometers [including mains switch) E2.05 
9. Set of 4 push -button switches. rotary mode 

switch E3.70 
10. Toroidal transformer complete with magnetic 

screen /housing primary: 0 117 -234 V: secondaries. 

33 -0-33 V. 25 -0 -25 V E 9.15 

Bahrain Singapore Thailand Iceland Brazil Sweden 

.`a 

POWERTRAN 

Wireless World, July 1976 

Germany Iran Jamaica St. Kitts Tunisia 

INCORPORATING 

ELECTRONICS 
HI -FI NEWS 75W /CHANNEL AMPLIFIER 

Pack Price 

II. Fibreglass printed- circuit board for power 
supply £0.65 

12. Sel of resistors. capacitors. secondary loses. 
semi -conductors for power supply E3.50 

13. Set of miscellaneous parts including DIN skis. mains 

input ekt. fuse holder. interconnecting cable. control 
knobs E4.25 

14. Sel of metalwork parts including silk screen printed 

lamic peel and all brackets. fixing parts. etc. E6.30 
15. Handbook E0.30 
16. Teak cabinet 18.3" .12.r 13.1" E9.85 

2 each of packs I.7 inclusive are required for complete 

stereo system. Total cal of individually purchased 
packs E72.25 

Designed in response tó 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 "birdy" suppression and power is supplied via a 

toroidal transformer and integrated regulator. For long term stability metal 
oxide resistors are used throughout. 

ÀMBIENTACOUSTICS 

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 £62.4.0 
WIRELESS WORLD FM TUNER 

STOP PRESS ! 

LINSLEY -HOOD CASSETTE DECK 
Goldring -Lenco mechanism, as specified £19.10 
Stereo P.C.B. (accommodates 2 rep. amps, 2 rec. amps. 2 meter amps, 

bias /erase osc, relay), 7.3" x 3.7" £3.35 
Stereo set of capacitors, M.O. resistors, potentiometers for above 

£9.80 
Stereo set of semiconductors for above £8.90 

FURTHER DETAILS in our FREE LIST 

Wireless World Amplifier Designs 
Full kits are not available for these projects 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 driving 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 of 

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 splits the output of each channel from the pre -amplifier into 

three channels each of which is fed to the appropriate speaker by its own power amplifier. 
The Read /Texas 20W, or any of our other kits are suitable for these. For tape systems a set 

of three PCBs have been prepared for the integrated circuit based, high performance stereo 

Stuart design Details of component packs are in our free list 

30W Bailey Amplifier 
BAIL Pk 1 F /Glass PCB 
BAIL Pk. 2 Resistors, Capacitors, Potentiometer set 

BAIL Pk 3 Semiconductor set 
20W Linsley Hood Class AB 
LHAB Pk 1 F /Glass PCB 
LHAB Pk 2 Resistor. Capacitor, Potentiometer set 

LHAB Pk 3 Semiconductor set ...... 
Regulated Power Supply 
60VS Pk 1 F /Glass PCB 

60VS Pk 2 Resistor, Capacitor set 

60VS Pk 3 Semiconductor set 
60VS Pk 6A Toroidal transformer (for use with Bailey). 
60VS Pk 6B Toroidal transformer (for use with 20W LH 

Bailey Burrows Stereo Pre -Amp 
BBPA Pk 1 F /Glass PCB 
BBPA Pk 2 Resistor. capacitor semiconductor set 

BBPA Pk 3R Rotary Potentiometer set 
BBPA Pk 3S Slider Potentiometer set with knobs 

Further details of above and additional 
packs given in our FREE LIST 

E1 .00 
E2.35 
E4.70 

£1.05 
E3.20 
£3.35 

£0.85 
£1.95 
E3.10 
£7.95 
£7.25 

Pack Price 
I. Fibreglass printed board for trail and IF strip. 

demodulator. AFC and mute circuits E2.15 
2. Sel of metal oxide redstars, Ilermietor. capacitors. 

cermet Kent for mounting on pack I E4.80 
3. Sel of transistors. diodes, LEO. integrated circuits for 

marring te pack 1 E6.25 
4. Pre- aligned kat end module. coil assembly. three 

sedia ceramic Boer E8.80 
5. Fibreglass printed circuit board for stereo decoder 

£1.10 
6. Set of metal oxide resistors. capacitors. termer preset 

tor decoder £2.60 
7. Sel at transistors LEO. integrated circuit for decoder 

E3.45 
8. Sel of components for channel selector switch. module 

including fibreglass printed circuit board. push-button 

switches. knobs. LEDs. preset adjusters. etc. E8.30 

Pack Price 
9. Function switch. 10 turn Nning potentiometer. knobs 

E5.30 
10. Frequency melar. melar drive components. fibreglass 

printed circuit board E8.60 
II. Toroidal transformer with electrostatic screen. 

Primary: 0- 117V -234V E4.45 
12. Set of capacitors. rectifiers. voltage regulator for 

power supply E2.95 
13. Set of miscellaneous parts. including sockets. fuse 

holler. fuses inter -connecting wire. etc. El .50 
14. Set of metal work parts including silk screen printed 

facia panel. acrylic silk screen printed toning 
indicator panel insert. internal screen. fixing parts. 
etc. E6.50 

15. Construction notes Ores with complete kit) . £0.25 
16. Teak cabinet 18.3" a 12.7" x 3.1" E9.85 

One each of packs I.16 inclusive are required for complete 
stereo FM tuner. Total cost of individually purchased 
packs E76.85 

FREE TEAK CASE WITH FULL KITS 

KIT PRICE only £6675 
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. 
U.K. Orders. Subject to 121/2%* Surcharge for VAT. Carriage free MAIL 

ORDER ONLY ('or at current rate if changed). 
£2.35 Securicor Delivery: For this optional service (Mainland only) add £2.50 VAT 
£6.10 inc. per kit. 
£2.40 Overseas Orders: No VAT. Postage charged at actual cost plus 50p packing and 
£2.70 handling. 

DEPT. WW07 

POWERTRAN ELECTRONICS 

'land Portugal Mozambique Belgium Sumatra 

PORTWAY INDUSTRIAL ESTATE 
ANDOVER, HANTS SP10 3NN 
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Hong Kong Jersey Australia St. Lucia India Barbados Antigua Jordan Spain Israel Mauritius 

AUDIO KIT SUPPLIERS TO THE WORLD 

St. 

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 shmime T20 + 20 delivers 20W per channel of true Hi-Fiat exceptionally low cost. 
The design Is based on a single F /Glass PCB and features all the normal facilities found on quality 
amplifiers, including scratch and rumble filters, adaptable Input selector and head phones socket. In a 

follow up article in Practical Wireless further modifications were suggested and these have been 
Incorporated Into the 130 + 30. These include RF interference filters and a tape monitor facility 
Power output of this new model is 30W per channel. 

Pack 120 T30 Pack T20 1311 
I Sal of low noise resistors 0.95 1.05 8. Toroidal transformer -2401/ prim. 

2. Set of small capacitors 1.50 2.10 as. screw 4 95 6.80 
3. Sot of power supply capacitors 1.40 2.05 9. Fibreglass PCB 2 50 2.90 
4. Sel el mgcellawoua pits 1.90 1.90 10. Sot el metalelmk fixing pris 4.20 4.80 
5. Sel et slide. main. P.B. switches 1.20 1.20 I I. Set e cables. main lead 0 40 0.40 
6. Sel of pots. selector switch.... . 2.00 2.00 12. Handbook Ores WM complete kid) 0 25 0.25 
7. Sal of semiconductors. ICs. slits... .. 7.25 7.75 13 Teak cabinet 15.4" o 6.1" o 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 T30 amplifiers. The frequency meter of the 
more advanced model has been omitted and the mechanics simplified. 
however the circuitry is identical and this new kit offers most exceptional 
value for money. Facilities included are switchable afc, adjustable, 
switchable muting, channel selection by slider or readily adjustabl a pre -set 
push- button controls and LED tuning Indication. Individual pack prices in 
our free list. 

POWERTRAN SFMT 
The 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 

FREIE TEA 

T20 +20 
KIT PRICE only 

T30+ 30 
KIT PRICE only 

K CASE WITH FULL KITS 

£28.25 
£32.95 

95 
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l 

+ 

n il)1111 Iltlit)Iltiltai m 

41 A, 
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£47.40 

KIT PRICE 

CONVERT NOW TO QUADRAPHONICS! 

SQM1 - 30 
KIT PRICE £37.15 

SEMICONDUCTORS 
as used in our range of quality audio equipment. 

25699 £0.20 BC212K £0.12 MPSA65 £0.35 
251613 £0.20 BC1821 0.10 MPSA66 £0.40 
251711 £0.25 BC184L £0.11. MPSUOS £0.60 
252926G £0.10 BC2121 £0.12 M PSU 55 E0.70 
253055 £0.45 BC214L £0.14 S8A7504 E2.50 
253442 £1.20 6Cy72 £0.13 SL301 £1.30 
253711 £0.09 BD529 £0.83 SL3045 £1.60 
253904 £0.17 BD530 £0.85 SN72741P £0.40 
2N3906 £0.20 80V56 £1.60 5572748P £0.40 
254062 £0.11 8F257 E0.40 TIL209 £0.30 
254302 £0.60 ,8F259 £0.47 TIp294 £0.50 
255087 £0.42 BFR39 £0.25 11P304 £0.60 
255210 £0.54 BFR79 £0.25 TIP29C 0.71 
255457 £0.45 BFY51 £0.20 TIP3OC £0.78 
255459 £0.45 0Fy52 £0.20 TIP414 £0.74 
255461 £0.50 CA3046 £0.70 TIP42A £0.90 
255830 ' £0.35 LPt1B6 £5.50 TIP41a £0.82 
40361 £0.40 MC1310 £2.90 11P428 £0.98 
40362 £0.45 MC1351 -£1.05 15914 £0.07 
BC107 £0.10 MFC4010 £0.95 15916 £0.07 
BC108 £0.10 MJ481 £1.20 15920 £0.10 
BC109 £0.10 MJ491 £1.30 5805 £1.20 
BC109C £0.12 MJE521 £0.60 
BC125 £0.15 MPSA05 £0.25 FILTERS 
BC126 £0.15 MPSA12 £0.55 FM4 E0.80 
BC182 £0.10 MPSA14 £0.35 SFG10 7MA £2.80 
BC212 E0.12 MPSA55 £0.25 
BC182K £0.10 

With 1005 of titles now available no longer is there any problem 
over suitable software. No problems with hardware either. Our 
new unit the SQM 1 -30 simply plugs into the tape monitor socket 
of your existing amplifier and drives two additional speakers at 
30W per channel. A full complement of controls including 
volume. bass. treble and balance are provided as are 
comprehensive switching facilities enabling the unit to be used 
for either front or rear channels. by- passing the decoder for 
stereo-only use and exchanging left and right channels The SQ 
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 T30 + 30 amplifier which the 
$QM1 -30 matches perfectly Kit price includes CBS licence fee. 
Sp.epl ó14.r to T20 + 20 tanckTexan owners! 
Owners of 120 + 20 and Texan amplifiers, which have no tape 
monitor outlet, purchasing an SQM 1 -30 will be supplied. on 
request, a free conversion ka to fit a tape monitoring facility to 
the existing amplifier. This makes simple the connection to the 
highly adaptable SQM1 -30 quadraphonic decoder /rear channel 
amplifier. 

SQ QUADRAPHONIC DECODERS 
41:3 r 

4t 

aztit 

{ 

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 . E5.90 
L1 Full logic controlled decoder with "wave matching' and 'front back logic for enhanced channel separation. All 

components PCB E1 7.20 
L2A. More advanced full logic decoder with "variable blend" extended frequency response. Increased front back 

separation. All components. PCB £24.60 

EXPORT NO PROBLEM Our Export Department will be pleased to advise on postal costs to any country in 
the world. Some of the countries to which we sent kits in 1975 are shown 
surrounding this advertisement. 

Kenya France St. Martin, Java New Zealand Borneo South Africa Denmark Nigeria Anguilla 
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Ten 
into 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 CR9 4DG 
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 - 007 FOR FURTHER DETAILS 

Wireless World, July 1976 

Join the Digital 
Revolution 

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

Each of the 6 volumes of this self- instruction course measures 
113/4" x 81/4" and contains 60 pages packed with information, 
diagrams and questions designed to lead you step -by -step 
through number systems and Boolean algebra, to memories, 
counters and simple arithmetic circuits, and on to a complete 
understanding of the design and operation of calculators and 
computers. 
Design of Digital Systems. 

°.4-t. '4.(sX Design d 
Systems 

Book1 t4i 
4 
S 

£6.20 
plus 80p packing and 
surface 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 no prior 
knowledge except simple arithmetïc. 
Digital Computer Logic and Electronics. 
In 4 volumes. 

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

Carry Out Logical Func- 
tions 

4 Flipflops and Registers 

£4.20 
plus 80p P. & P. 

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

Designer These courses were written so that you- could 
teach yourself the theory and application of Manager digital logic. Learning by self instruction has the 

Enthusiast advantages of being quicker and more thorough 
than classroom learning. You work at your own Scientist speed and must respond by answering questions 

Engineer 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 £7.00 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-E-10. 50 each, p & p included 

1 

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

il_ WW2' 
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Make it with 
MA PL IN' 
ELECTRONIC COMPONENTS 

WIDE RA A l f N16 f l Ol !Al l 1 Y f I S7 S'f R iri 

BUILD IT YOURSELF... 
IN STAGES 

Gel started with a 49 note instrument - 
features tremulant and reverberation. 
Ideal to learn on. Leaflet MES 51. Price 
153 gives full details to build this 
complete instrument. 
Extend the range of MES 51 by adding 
another keyboard and several new lone 
colors. Leaflet MES 52. Price 15p also 
shows how to use 61 note keyboards. 

Fully controllable attack and delay 

controls [normally found only on the 

most expensive organs;}. up to seven 
footages on each keyboard. up to 70 

controls including drawbars. and a 13 

note pedalboard. make op the additions 

described in the step -by -step 32 page 

instruction leaflet MES 53. Price 35p. 

* Automatic voice operated 
fader 

* Belt drive turntables 
* Monitor facilities 

(Headphones and VU meter) 
* Sound operated light show - 

plus many other advantages 
Serd for our leaflet MES 41 giving full details for construction 
Soul you H be the Deelay everyone wants at then party' 

Price 20p. 

We stock all the parts for this brilliantly 
designed synthe:iser. including all the 

PCB's. metalwork and a drilled and 

printed front panel. giv ng a superb professional finish. Opinions of 

authoritf agree the ETI liternational Synthesiser is technically superior 

to most of today's models. Complete construction details in our booklet 

now available price £1.5), or send SAE far specification. 

A really superior high quality stereo graphic equalize- featuring 9 octaves per 
channel. ale stock all the parts [except woodwork) including the metalwork drilled 
and printed. 15p brings you : reprint of the article. 

This is a fully constructed aid tested electronic clock module as illustrated. Data 

sheet supplied. Simple to :one ecl to alarm and your battery/mains radio. Smart case 

available shortly. Data sheet available separately. Please send SAE. 

* Brigli 4 Digit 0.5" Lisp ay 
* Flast ing Colon Il Hz) 
* Switch for Display Seconds 
* Alarm Set Indicator 
* P.M. ndicator 
* Power Failure Indicsttn 

* Sleep Toner 
* Snooze Timer 
* Time cs n be set accurately to 

within one second 
* Leadinr Zero Blanking 

SIMPLE ALARM KIT - £9.38 ALARM CLOCK KIT - £10.99 
ALARM CLOCK & RADIO CONTOLLER KIT - £11.51 
SMART PLASTIC CASE with fully punched et assis - E2.49 

Please s.nd SAE for our Clock data sleet 

Get oar fABlllOaS' 
NEW/971/78 CATALOGUE 
PUBLICATION DATE OCT. L-9B. 1976 ON.9PPBOYAL 

ra---- --- --Fite 
Please rush me a copy of your brand new ' 
1977/78 catalogue the instant it is printed (Oct 
28th, 1976). Only if I am completely satisfied that 
it is worth every penny wit I send 50p within 14 
days of receipt. If I am not satisfied I may return the 
catalogue to you within 14 days without obligation. 
I understand that I need not purchase anything 
from your catalogue should I choose to keep it. 

All new Completely re- written Hundreds of new lines. 
Lots of exciting new projects to build - PRICE 50p 
SEND NO MONEY NOW. Overseas send 8 International reply coupons 

1 

1 

1 

1 

1 

JOIN OUR MAILING LIST NOW! * SAVE ££'s ON SPECIAL OFFERS! 
Published every two months our Newsletter gives * DETAILS OF NEW PROJECTS 
full details of our latest guaranteed prices. AND NEW LINES 
Send lust 30p towards cost of postage and well send you the next sr. ,,,,;es .ts ihriy ,,,,i 
published IA 5p voucher rs sent with each newsletter which may be used on purchases I 

MAPLIN ELECTRONIC SUPPLIES 
All mail to P 0 Box 3, Rayleigh. Essex SS6 8LR 
Shop 284 London Road, Westclrff -on -Sea. Essex 
(Closed on Monday). Tel Southend (07021 44101 

NAME 

ADRESS 

WW 

ll IffyM - - -- - -- 
It v(U do not wish to cut magazi le write your 
request for catalogue en seaprate sheet 
1975/76 GREEN COVER CATAu.OGUE STILL 
AVAILABLE PRICE 4Cp 

1 

1 

1 

1 

1 
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15 -240 Watts! 
HY5 
Preamplifier 

HY30 
15 Watts into 80 

HY50 
25 Watts into 80 

HY120 
60 Watts into 80 

HY200 
120 Watts into 80 

HY400 
240 Watts into 4Q 

POWER 

SUPPLIES 

The HY5 is a mono hybrid amplifier ideally suited for all applications All common input functions 
Iniag Cartridge tuner etc) are catered for internally the desired function is achieved either by a 
multi way switch or direct connection to the appropriate pins The internal volume and tone circuits 
merely require connecting to external potentiometers (not included) The HY5 is compatible with all 
I L P power amplifiers and power supplies To ease construction and mounting a P C connector is 
supplied with each preamplifier 
FEATURES: Complete pre -amplifier in single pack - Multi function equalization -- Low noise - Low 
distortion -- High overload -- Two simply combined for stereo 
APPLICATIONS: Hi Fi - Mixers - Disco - Guitar and Organ - Public address 
SPECIFICATIONS: 
INPUTS Magnetic Pick-up 3mV Ceramic Pick -up 30mV Tuner 100mV Microphone 10mV. 
Auxiliary 3-100mV Input impedance 47kt) at 1 kHz 
OUTPUTS Tape 100mV Main output 500mV R M S 
ACTIVE TONE CONTROLS Treble 1 2dB at 10kHz, Bass at 100Hz 
DISTORTION 0 1 at 1 kHz Signal Noise Ratio 68dB 
OVERLOAD 38dB on Magnetic Pick -up SUPPLY VOLTAGE - 16-50V 
Price £4.75 + 59p VAT P &P free. 

The HY30 is an exubng New kit from I L P it features a virtually indestructible I C with short circus, 
and thermal protection The kit consists of I C heatsink. P C board 4 resistors. 6 capacitors 
mounting kit together with easy to follow construction and operating instructions This amplifier is 

sorted to the beginner in audio who wishes to use the most up -to -date technology available 
FEATURES: Complete Kit - Low Distortion -- Short. Open and Thermal Protection - Easy to Budd 
APPLICATIONS: )Updating audio equipment - Guitar practice amplifier -- Test amplifier - audio 

SPECIFICATIONS 
OUTPUT POWER 15W R M S into BI.' DISTORTION 0 l'xi at 15W 
INPUT SENSITIVITY 500mV FREQUENCY RESPONSE 10Hz-16kHz -3dB 
SUPPLY VOLTAGE 18V 

Pries £4.75 + 59p VAT P &P fro,. 

The HY50 leads I L P s total integration approach to power amplifier design The amplifier features an 
integral heatsink together with the simplicity of no external components During the past three years 
the amplifier has been refined to the extent that it must be one of the most reliable and robust High 
Fidelity modules in the World 
FEATURES - I Distortion - Integral Heatsink - Only five connections -- 7 Amp output transistors 

iiponents 
APPLICATIONS: Medium Power Hi-Fi systems -- Low power disco - Guitar amplifier 
SPECIFICATIONS: INPUT SENSITIVITY 500mV i+ 25W RMS into B!! LOAD IMPEDANCE 4.16!! DISTORTION 004^,, at 25W at 

I kHz 
SIGNAL NOISE RATIO 75dB FREQUENCY RESPONSE 10Hz-45kHz- -3dB 
SUPPLY VOLTAGE - 25V SIZE 105 50 25mm 
Price E6.20 + 77p VAT P &P free. 

The HY1 20 i s the baby'of I L P s new high power range designed to meet the most exacting 
requirements including load line and thermal protection this amplifier sets a new standard in modulai 
design 
FEATURES: Very low distortion -- Integral heatsink -- Load line protection -- Thermal protection - 

F.uc i nnneclons - No external components 
APPLICATIONS: Hi-Fi -- High quality disco -- Public address -- Monitor amplifier -- Guitar and 
organ 
SPECIFICATIONS 
INPUT SENSITIVITY 500mV 
OUTPUT POWER 60W RMS into 8)) LOAD IMPEDANCE 4-1 6)) DISTORTION 004's, at 60W at 

1 kHz 
SIGNAL NOISE RATIO 90dB FREQUENCY RESPONSE 10Hz-45kHz --3dB SUPPLY VOLTAGE 

35V 
SIZE 114 50 85nim 
Price £14.40 +E1.16 VAT P &P free. 

The HY200 now improved to give an output of 120 Watts has been designed to stand the most 
rugged conditions such as disco or group while still retaining true Hi-Fi performance 
FUTURES: Thermal shutdown -- Very low distortion - Load line protection -- Integral heatsink -- 
No c ii- i.ii components 
APPLICATIONS: Hi-Fi -- Disco - Monitor - Power slave -- Industrial - Public Address 
SPECIFICATIONS 
INPUT SENSITIVITY 500mV 
OUTPUT POWER 120W RMS Into 812 LOAD IMPEDANCE 4 -16!.1 DISTORTION 0 05' >. at 100W at 
1 kHz 
SIGNAL /NOISE RATIO 96 dB FREQUENCY RESPONSE 10Hz -45kHz - 3dB SUPPLY VOLTAGE 

- 45V 
SIZE 114 100 85mm 
Price £21.20 + £1.70 VAT P &P free. 

The HY400 is I L P s BIg Daddy of the range producing 240W into 41!1 It has been designed fur 
high power disco or public address applications If the amplifier Is to be used at continuous high power 
levels a cooling fan Is recommended The amplifier includes all the qualities of the rest of the family to 
lead the market as a true high power hi- fidelity power module 
FEATURES: Thermal shutdown -- Very low distortion - Load line protection - No external 

mpo, .IS 
APPLICATIONS: Public address - Disco - Power slave - Industrial 
SPECIFICATIONS 
OUTPUT POWER 240W RMS into 4tì LOAD IMPEDANCE 4 -16:1 DISTORTION 0 1'>" at 240W at 

1kHz 
SIGNAL NOISE RATIO 94dB FREQUENCY RESPONSE 10Hz45kHz - 3dB SUPPLY VOLTAGE 
45V 
INPUT SENSITIVITY 500mV SIZE t 14i t OOsS5mm 

Price £29.25 + £2.34 VAT P &P free. 

PSU36 suitable lot two HY30. E4 75 plus 5gp VAT P P I,ee 
PSU50 suitable for too H050 s E6.20 plus 770 VAT P P free 
PSU7o suitable for two Ho 120 s E12.50 plus t 00 VAT P P free 
PSU90 suitable for one M0200 El 1.50 plus EO 92 VAT P P free 
PSU 1 BO suitable tot two HY200 s or one HY400 E21.00 nous 1 1 6g VAT P P free 

I.L.P. Electronics Ltd 

Crossland House 
Nackington, Canterbury 
Kent CT4 IAD 
Tel (0227) 63218 

Available 
June '76 

TWO YEARS' GUARANTEE ON ALL OF OUR PRODUCTS 

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

Signature 

WW - 019 FOR FURT!'ER nFTAILS 
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SIGNAL GENERATORS - 1. 

MARCONI TF801D /IS. 10-480 mHz P.O.A. -*:t 
MARCONI TF80IB /25. 10-480 mHz £225. 
HGN MS3 /U. 9.7 -11.9 and 77 -109 mHz. AM /FM. 
ADVANCE SG63D. AM /FM 7.5- 230mHz £125. 
RACAL /AIRMEC 20IA.30kHz- 30mHz. As new. P.O.A. 
ADVANCE SG2I VHF Square -wave generator 9kHz- IOOmHz. £i5. 

r 

- OSCILLOSCOPES O . ' 

SOLARTRON CD1400 DC- 15mHz. eie 
COSSOR COU110. DC- 80mHz. ' -. 
TEKTRONIX 545A with CA unit. DC- 30mHZ. Price 
only £295.00 
TEKTRONIX 531 DC -1 5mHz with L type plug -in 
TEKTRONIX 535 DC-1 5mHz with L type plug -in 
TEKTRONIX 5456 DC -30mHz with 'CA' plug -in. 
TEKTRONIX 585A. DC -80mHz with type 82 plug -in. 
TEKTRONIX 6548. Storage oscilloscope. 
TEKTRONIX 502. 200uV. Sens. X -Y. 
TEKTRONIX C27 Polaroid Camera. Series 125 with 560 series adapter. 

CO -AXIAL CHANGE OVER 
RELAYS. Terminated in 'N' -type 
sockets (3 off). Suitable for frequencies 
up to tGHz. 48. V.D. C. coil. Plugs 
available at 50p each. Relay only 
E5.50 each. 

PRINTED CIRCUIT MOTORS. 
Manufactured in U.S. by Pllotocircuits 
Corp. 24.V.D. C. 2.000 rpm. 14 cms 
diameter. These are quality made, high 
precision motors offered at a fraction of 
list price. Only £8.50 each. 

MARCONI TF995A2/M AM/FM 
R.F. SIGNAL GENERATORS. 
1.5- 220mHz. 0- 100kHz Deviation. 

.1 pV -100mV output. Sold in excel -' 
lent condition. P.O.A. 

- -- - - 

METRIX 210 WOBBULATORSr 
0.25mHz. Sweep width 0.5 20mHz. 
Output 100mV attenuable in steps of 
YO to 10uV. Last few of these left at 
only E16.00 each to callers only 

E.M.I. oscilloscopes model WM16 with 
type 7/1 W.B.A. plug -in unit. Sup- 
plied in perfect condition complete with 
trolley. £125.00. "WEE WOOERS". 250V. Insulation 

Testers. Good working condition. 
£8.50. 20-way BPO Jack strips to accep 

316 type Jack plugs. Also quantity 
of 316 plugs available. All good, 
condition. 
- 

'_MUFFIN' INSTRUMENT FANS. 
Manufactured in Holland by Rotron. 
Dims.. 4.5x4.5x1.5 ins. This is a 

precision cooling fan. very quiet 
running specially designed for the 
cooling of electronic equipment, 
amplifiers, etc. 115V.50Hz operation, 
drawing only 11 Watts. The list price 
from Rotrons is over £10 each. Our 
price. brand new, only £4.50 each 

Centrifugal blowers by WOODS. 8 inch 
snail type. Outlet 234 x tin 24v DC 
2.8A 2400 r.p.m. Grey stove finish. 
All brand new. Price is E70.5G + 
carriage. 

GENTS /FRIEDLAND fire alarm 
bells. Operating voltages 12v dc/ 24v 

MINIATURE DEAC NI- CADMIUM 
batteries. type 70DK. 3 cells in package 
making 3.7 Volts. 25x17x15mm only 75p 
post paid. 

dc. All in as new condition and tested 
before despatch. Sizes 6/8/12 inch. 
Prices E4.80, E5.20 and £5.50 resp. 

- - ` - - - 
COMPUTER -PERIPHERALS. Tape 
punches. 8 hole by Westrex and other 
well known manufacturers. Tape 
readers by Elliot. All virtually brand 
new. Prices are better than one half the 
maker's. Write or 'phone for quotation 

DAWE 5vobotorch type 1707C Excellent 
condnion £85.00 
MARCONI TF2700 Universal Budge LC &R 
f100 
PYE Bectrostanc Voltmeter reads up to 40KV 
RMS E120.00 
TEKTRONIX type 575 Transstor curve' 
tracer, excellent condition 

An exceptional buy enables us to offer 
stabilised and regulated power supplies 
by APT at a very cheap price. 16 -24v 
dc ® 10 Amps, and 8 -10v dc ® A 

low ripple voltage. Price each f1ß.50 
supplies are extremely 

each 
.50 

+ carriage. 

ADVANCE type 63A AM /FM R.F. Signer 
generators. 7.5- 230mHz. Deviation 0 -22..5 
and 0-75 kHz. X -sweep output, Crystal 
calibrator. 'scope output. E75.00. 

MISCELLANEOUS TEST EQUIPMENT 
MARCONI TF 1400S double pulse generator with TM6600 /S secondary 

,,i-.. £105. 
MARCONI TF791D deviation meter. 4- 1024mHz. 0- 100kHz deviation. 
MARCONI 455E Wave Analyser £120. 
MARCONI TF2600 Valve Voltmeter lmV -300V. Excellent. £75. 
ROHDE & SCHWARZ USVD calibrated receiver 280- 940mHz (4600mHn 
LEVELL TG200 DM. RC Oscillator, c/w case, £85. 
ROHDE & SCHWARZ U RV milli- voltmeter BN10913 (late type) 
1mV -10V. With 'T' type insertion unit, free probe and attenuator heads. 

'1kHz- 1,600mHz. £175. 
COSSOR 1453 True RMS milli -voltmeter. Excellent. £75. 
AIRMEC TYPE 210 modulation meter. Excellent condition. 
ROHDE & SCHWARZ "SCR' V.H.F. Signal Generator 1000 -1900 mHz. 
MAHCONI type TF936 Impedance Bridge. £85.00. 
GERTCH Phase Angle V. Meters. Range 1 mV -300V, in 12 ranges. 
SOLARTRON oscillator type CO 546. 2514z- 500kHz. £30.00. 
GAMBRELL Precision 4 Decade Resistance Box. 1 -11. 110 ohms 
£24.50. 
MARCONI TF328G Q- Meter. £95. 

PLEASE ADD 8% V.A.T. TO THE TOTAL AMOUNT 
WHEN ORDERING. INCORRECT AMOUNTS WILL 
CAUSE DELAY IN DESPATCH. THANK YOU. 
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TRANSFORMERS 
ALL EX -STOCK - SAME -DAY DESPATCH 

MAINS ISOLATING 
PRI12iá /240Vsec-1f0 /240V 
Centre Tapped and Screened 

Ref. 
VA 

(Watts) E P &P 
07' 20 E3.10 58 

149 60 4.69 72 
150 100 5.33 85 
151 200 8,54 1.12 
152 250 10.32 1.41 
153 350 12.47 1.41 
154 500 14.33 1.61 
155 750 21.94 BRS 
156 1000 30.51 BRS 
157 1500 34.89 BRS 
158 2000 38.92 ORS 
153 1000 61.48 BRS 
115 or 24to sec ony 

VAT 8% 12 and /or 24 -VOLT 
Primary 220 -240 Volts 

50 VOLT RANGE 
SEC. TAPS 0- 19- 25- 33- 40 -50V 

Ref. Amps. £ P &P 

102 
103 
104 
105 
106 
107 
118 
119 

0.5 
1.0 
2.0 
3.0 
4.0 
6.0 
8.0 

10.0 

2./1 58 
3.55 72 
4.95 85 
6.10 97 
7.98 1.12 

12.71 1.25 
13.63 1.61 
17.75 BRS 

60 VOLT RANGE 
SEC. TAPS 0- 24- 30- 40 -48.60V 

Ref. Ampo E P &P 

t24 0.5 2.48 72 
126 1.0 3.88 72 
127 2.0 5.33 85 
125 3.0 7.90 97 
123 4 0 9.19 1,41 
40 5.0. 10.24 1.25 

120 6 0 12.07 1.41 
121 8.0 15.75 BRS 
122 10.0 19.40 BRS 

.189. 12.0 20.25 BRS 

Ref. AMPS 
12v 24v 

111 0.5 0.25 1.54 28 

213 1.0 0.5 1.56 58 
2 1 2.41 58 

8 4 2 2.97 72 

70 6 3 4.43 72 

108 8 4 5.09 85 
72 10 5 5.50 85 

116 12 6 5.80 97 
17 16 8 7.48 97 

115 20 10 10.91 1 61 

226 60 30 17.67 1BRS 

E P&P 

30 VOLT RANGE 
SEC. TAPS 0- 12- 15- 20- 25 -30V 

Rat. Amps £ P &P 
112 0.5 1-.90 58 

79 1.0 2.52 72 
3 2.0 3,77 72 

20 3.0 4.70 85 
21 4.0 5.56 85 
51 5.0 6.73 97 

1 1 7 6.0 7.52 1 12 
88 8.0 10.20 1.25 
89 10.0 10.36 1 41 

AUTO TRANSFORMERS 
Ref. (Wettal 

AUTO TAPS 

113 20 0-115-210-240V 1.75 51 
64 75 0-115-210-240V 3.05 72 

4 150 0-115-210-220-240V 4.33 72 
66 300 6.11 85 
67 500 9.36 1 25 
84 1000 14.38 1 61 
93 1500 19.02 BRS 
95 2000 25.41 BRS 
73 3000 36.84 BRS 

P&.^ 

REENED MINIATURES 
Ref. mA Volts £ P &P' 

HIGH VOLTAGE 238 200 3 -0 -3 1.62 39 
MAINS ISOLATING 212 1A, 1A 0 -6, 0 -6 1.93 46 

Pri 200/220 or 400/440 13 330, 330 9-0-9 1.56 25 
Sec 100/120 or 200/240 235 500, 500 0 -9, 0 -9 1.64 25 

207 'A, 1A 0 -8 -9. 0-8 -9 2.02 51 

VA Ref. E P &P' 208 200, 200 0-8 -9, 0-8 -9 3.07 58 

60, 243 4.37 97 236 300, 300 0-15, 0-15 1.56 .25 

350 247 10.93 1.41 214' 'A, to 0.20. 0.20 2.03 58 

1000 250 26.31 BRS 
221 500, 500 20-12-0-12-20 2.38 58 

2000. 252 44.12 BRS 
206 1A, lA 0- 15-20, 0 -15 -20 3.63 72 
203 500, 500 0- 15 -27. 0 -15 -27 3.15 72 

ON -SITE TOOL ISOLATORS 204 1A to 0.15 -27.0 -15 -27 4.14 72 
240v to 110v (To B535357 5112 500 12. 15. 20. 24, 30 1.97 58 

Rel. VA E 

277 500 29.96 CASED AUTO. TRANSFORMERS 278 750 34.47 
240v mains lead input and USA 2 -pin outlets 279 1000 37.63 
20VA £3.29. P &P 72p. Ref 113W 280 1500 41.55 .55 
150VA £6.37, P&' 85p Ref. 4W 

P &P BRS Send for details 500VA E10.97, P &P t1 25p Ref. 67W 
BRIDGE RECTIFIERS 1000VA £18.39 ERS Ref 84W 

50v 2A 35p 2000VA E28.71 BRS Ref. 95W 
100v 2A 40p HIGH QUALITY MODULES 
100v 6A 70p 3 wan RMS Ampli ier E2.30 
200v lA 35p 
200v 2A 45p 
400v 2A 50p 
400v 4A 65p 
600v 2A 55p 
500v 10A PM7A6 

£2.35 
P &P 15p VAT 1211% 

METERS 
AVO8 £81.09 
AV072 E24.07 
AVOMM5 E20.94 

P &P 1:1.10 VAT 8% 
Alps Panel Meters 

Sanwa Multi- Meters 
Full range now in stock 

STEREO FM. TUNER 
4 Pre -selected stations 

Switched AFC 
Supply 20 -35v 90Ma Max 

£19.95. P &P 25p VAT 1211% 

MA r' ET r CERA I 

CARTRIDGE CONVERTER 
Operating Voltage 20/45v 

ONLY E2.65 P &P 18p 
Vat 12Ví% 

BSR MINI -DECK 
l speed autochanger E6.00. 
Garrard SF25 Mk. IV (Chassis) 

E17.20 
r'8P I "Jn VAT 1;' 

5 watt RMS Ampli ier 
10 watt 3MS Amplifier 
25 watt RMS Amplifier 
Pre -Amp for 3-5-10w (new) 
Pre -Amp for 25w 
Power Supplies for 3 -5 -10w 
Power Supplies for 25w 
Transformer fo- 3w 
Transformer for 5 -10w 
Transformer far 25w 
P &P Amps / Pre-Amos/ Power Supplias 
° &P transformers 

\AT 12Vz% 

E2.65 
£2.95 
E3.95 
£6.50 

£13.87 
E1.20 
£3.00 
E1.90 
£2.30 
£2.60 

18p 
37p 

NEW STEREO 30 
Complete chassis, Inc 7 +7w rms amps, pre -amp. 
power supply. frnnt panel. knobs (needs mains 
trans ) E15.75. Mains trans. £2.45. Teak 
veneered cab. £3 65. P &P 88p. VAT 12'1 %.. 

POWER UNITS 
CC12 -05. Output switched 

3, 4 5v 6s. r 5v, 9v 12v at 500mA 
£4.011 P&P 40p VAT 121/2% 

ANTEX SOLDERING IRONS 
15W £2.90. ' 8W £2.75. 25W £2.45 

Soldering iron kit £3.90 
Stand for aboe E1.13. P &P 25p VAT 8% 

PLEASE ADD VAT AFTER P&P 
ELECTP.OSI _ AND SEMICONDUCTOR 

STOCK STS AUCIO ACCESSORIES & BARGAIN 
PAKS. CALLERS WELCOME (MON. -FRI.I OR 

SENC STAMP FOR LISTS 

Barrie Electronics Ltd. 
3,THE MINORIES,LONDON EC 3N 1BJ 

TELEPHONE: 01 -488 3316/8 
NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST. 

WW-055 FOR FURTHER DETAILS 
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ET electronics Dept. 5. 
5566. FORTIS GREEN ROAD, LONDON, N10 3HN, ENGLAND. Telephone 01 883 3705 

.. H M Guvn,nmeni.'Ar,naO 5erv,rei. U,.....S .es Cusses Brasa, astray A.,,M1O res F..e . 
ryes ene Edurer oval Esrab *, eon 

FteS 
e1 

:400 
7401 

7402 
7403 
7404 
7408 
7409 

7410 
7413 
7417 
7420 

7427 

7430 
7432 
7437 
7441 
7442 
7445 

7447 
7448 
7447A 
7470 
7472 
7473 

7474 
7475 
7476 
748? 
7485 

7486 
7489 
7490 
7491 

7492 
7493 
7495 

74100 
74107 
74121 

74122 
74141 

74145 

74154 
74174 
74180 
74181 

74192 
74193 
74196 

74 TTl 
1 -74 75 99 

14p 12p 
129 

?p 

I?:9 
13p 

13p 
139 
13p 
24p 
27,p 
13p 
22,p 
13p 

22;p 

?2:p 
62p 
55p 
71p 
75p 
62p 
83p 

14p. 
I4p 
15p 
16p 
I6p 
16p 
I6p 
29p 

27p 
16p 
?7p 
16p 
27p 
?7p. 
75p 
65p 
85p 
81p 
75p 
95p. 
3op 

100 

10p 
IOp 

IOp 

IOp 

Ilp 1 l 
Ilp 1 l 
?Op 

20p 1 l 
18p 

Ilp 
18p 

18p 

50p 
43p 

57p 
65p 
50p 
67p 

25p 20p 
25p 21p I7p 
30p' )5p. ?Op 

3?p ?6p 21p 
47p 39p 31p 
3?p 26p' 21p 
75p 6?p 50p 

£1.30 E1.09 87p 
3?p 260 21p 

E2.92 E2.80 E2.10 
49p 40p 32p 
65p 55p 45p 

36p 
32p 

45p 
72p 

22p 
23p 
31p 
53p 
48p 

864, 

67p 

57p 46p 
45p 40p 
67p 55p 

E1.08 89p 
35p ?8p 
34p 28p 
47p 39p 
78p 6314. 

68p 58p 
£1.62 81.48 ' 
£1.00 83p 
£1.06 88p 71p 
£3.20 £2.50 E1.90 
E1.35 81.14 90p 
EI .35 £1.14 90p 
E l .64 01,34 99p 

New 
Prices 

MIT EMITTING DIODES 

0.125" - 

dip .lere +( 
(T1L209 
I. 10' 100' 

Red 18p' 15p' 13p 
Green 26p' 24p' 22p' 
Amber 26p 24p, 22p 
Yellow 26p 24p' 22p' 

I.C. SOCKETS 

die. lens 

I. 10 IDO 

LINE -O -LIGHT 
NEW LED Linear Cursors 
Boch device contains 10 light 
end ring diodes in o 20 pin dual- 
in -line packoge. Ideal for solid 

state analogue meters or dials 
Red and Green 03 I 9 Check 
on Yellow sone on stock now 

0.33' urranix Cl. 707 Series 

0.33" Monsanto MAN 50h0/8ß/3600 
0.33 Xciron XAN 70 Series 

0.43. Monsonro MAN 4000 Series 
0.63 Lirronix D1747 'Jumbo' Serres 

17p' 16p' 15p 
26p 24p' 22p' 
26p 24p' 22p' 
26p' 24p' 229' 

Pin Sockets, pins in strips 
of 100. lust snip off what 
you need. 65p per strip 
Duol in line sY 

8 pin 13p. 24 pin 26p. 
4 pin 15P 78 pin 30p. 

16 pin 15p 36 pin 39 p 

TO5 
8 pin 319. 
10pin 35p. 

DISPLAYS PHOTO-DARLINGTON 

ö 
= _a 

-'- I 

Q Q Q V 00 06 

NOTE: MAN 4000 Series 

Our Bulk Buying Power enables o 
repeat of our Special Offer: 

0.33" (LIT 707) £I 39' 
Performance guaranteed 

Ty ISOLATORS 

Vceo 25v ?N5777 
Vcbo 25v / C 

Veles 8v b 

Il 750 mA 
Pd 200 ',V ;; ̀ 
Hie 2500 OP 

all £1.82 each (Red o lyl 
Red£1 73'. others E3 06'. except C A R 11413 
all CI 64' Each 
Red £2 38'. others £3 38' 
all £2.66' Each (Red only)* C/C as C,A 
0 6" Xenon Red E1 97' Green and Yellow £2 61 

pin ou o e 14 pin dil the same as MAN 50; 70 and 80 t e n . 

ILI 4N25 or TIL116 
6 pin industry standard packoge 
2.5KV isolation £1 21' 

Shod Poem Catalogua 

The AY54224 ticktock 
Another marvel from G.I. A 16 pin 
1 ? -?4 hr. Clock I.C. with 25 pin capability 

and low external pork count. Supplied with 
nufocrurers de toiled leoflet E3.95p(iec. 

VAT / (Leaflet alone 20p.1 Full Kit 
(excluding case) available towards 
end of 1975. Phone C!ive for details. 

MOLLARD MODULES 
Still moke the simplest, highly 
reliable F.M. tuner 

01186 Varocror front end £7 74 
LP1185 I.F. Strip £6 26 
LP1400 Multiplex decoder E8 12 

lE37Iar4leI7I>l]I "11ra 

C 
Audio I.C's 
Radio I.C's 
TV I,C's 

for year free copy send e S.A.E. 
Lin Zenists 

te Meoric, Rectifiers 
Diodes Heat Sinks 
Transisrors Capacitors 

Regulotors Resistors 
Triacs Pots 

SCR's, SCS's Vero 
Bridges Coils 

Switches 
Boxes 

Tuning Core . 

Connectors 

MAINS TRANSFORMERS 
Secondaries 

6 -0.6 
9.0 -9 

12-0-12 
20.0-20 
24.0.24 
28 -0 -28 

100 mA 
100 mA 
100 mA 

1A 
05A 

1A 

99p' 
9919- 
99p' 

£3 45' 
E2 95' 
£3 95' 

1'T INC 

Trendpmura IA 

0-9-17 V - 

0-12-15-20-24-30V - 
0-24-30-40-48-60 V - 
0-19-25-33-40-50V £3 47 

IA 

£2 49' 
£3 47' 
£5 18' 
£4 65' 

2A 

£3 57' 
£4 65' 
E7 02' 
£7 24' 

4A 

E4 55' 

P &P on transformers 209h of price min 25p 

Items followed by a Oversegr customers Postage and Packing 20p. 
inc. VAT of 8% oll deduct /27 from Orders for over £6. post 
others include 126 % Items - 1 /9 from others free. Except transforme 

This ,rote- of-the-orr MOS 151 chip contains 
oll the logic necessary for a 3; decode, dual 
slope integrating, automatic polarity detecting 
DVM Supplied with free dato and circuit 
booklet. _,-35r 

OUR PRICE ONLY £6.59. 
(Data and Circuit Booklets alone ?Op. 

Dota Sheet and photocopy service 

available at 10p per page 
CALLERS ARE WELCOME 

APRIL 1978 fs / / l' /. 
(ELECTRONICS) LTD. 

L8F 9 & 10 CHAPEL ST., LONDON, N.W.1 
01-723 7851 01 -262 5125 

ADJACENT TO EDGWARE ROAD MET. LINE STATION 
PLEASE ADD 8% TO ALL ORDERS INC. CARR. - 

AUTO TRANSFORMERS FOR 
AMERICAN EQUIPMENT 

240, 110v 803000 watts. fitted with 23 sain 

sockets. and 3 core moms lead Send sae for 
price list We have England's largest selection 
of American electrical accessbnes. 2 -3 pin 

recessed end surface type 23 sackers 

3 PHASE ISOLATION 
TRANSFORMERS 

BY FAMOUS MAKER 
Input tapped 

phase 
0 volts RMS 

NOM Line to line 3 phase 4 wire SOH: output 
415 wits NOM 3 phase 4 catie at 2 15k8Á 
Regulation 2% secondary fully screened open 
type construction. Terminal board connections 
sise 161/2x7x61/2ins Weght 901bs Brand new. 
Fraction of makers price E27.50 plus VAT, 
carriage charges et cost. 

L.T. TRANSFORMERS BY 
FAMOUS MAKERS 

Open types 1 Pri. 240. Sec l0Á and 
128 0 lA. E5.50. No. 2 Pc 220.2408. Sec 
Tapped 51 -67- 65.67 6698 tOA, E70.00, cari 

Tapped ìl 50 No 3 Pri 220 -2408. Sec Ta 
58- 63- 69-748 3A. £4.75, cary E1 No 4 Pn 
115 -230v Sec 6 3v 5 7A Twice and 26v 
600 M/A "C" core [3.75. P 75D. No 5 

E3.00,23PvP 
c 3Svp6A an'dI 8- 0- 18v PA. 

plugs. 
multi -way adaptors. 2.3 pin grounding 
adaptors Cable type sockets Extension cords 
240v Edison screw type light bulbs Industrial 
plugs and sockets Let us know v i., 
requirements 

RELAYS 
12vsAC 

CO 75p. 
AC. 

230v 
3 CO 75p. Kmk3 

128 AC 3 0 75p. Kmkl 2308 AC 1 CO BOp. 
Omron Mk. 2P 12v DC 2 CO plug m type 75p, 
bases 10p. Mk 2 24v AC 12v DC 2C0 BOp, 
pp all types 15p Semen miniature types 
23011 4 CO 75p. 18511 4 CO 75p. 250011 4 
CO 60p, pp all types 15p American miniature 
type 6v DC 1 CO 35p. pp 15p. Siemens open 
type AC 230v 1 make 40p. pp 15p Cutler and 
Hammer 230v AC contactors One NO or NC 
16 amp 600v AC contacts. In metal cast 
E1.50, pp 35p 

\ 

110200- 220-240v. Sec 14v 58. 14v 2.5A, 
12v 10A. 8v 10A. 24v 750 M /A. 200v 500 
M'A. Separate windings, E10.00, cari 
E1 50 No 7 Pr, 200 -220 -240v. Sec. 4v 6A, 
4v 3A. £3.50. P P 75p. No. 8 Pn 
110 -220 -235v Sec I 2v 2.2A and 1 2v lA 
and 200v 35 M /A. E2.50, P P 75p No. 9 
P^ 200 -220 -240v Sec. 37v 5.58 and 37v 
2A and 21v 11A, E8.50. cary. el 50 No 10 
P^. 200- 220 -240v. Sec 31v 78. 26v 5A 
16v 4A, 25v 2A. Separate windings. £8.50. 
can £2.00 No 11. C core types. Pr. 

220240v Sec 18 -0.18v 21A. £10.00. No 
12 Pn 230v Sec 1.25- 0-1.25v 10A. £2.00. 

r 

HT TRANSFORMERS 
BY FAMOUS MAKER. ALL PRIMARIES 
240e OPEN TYPE TAG CONNECTIONS 

Sec 3500 -350v 1200,/a 6.3v CT 4A 5v 2A 
E3.75, p.p 85p 300-0 -300v 150 w,a 
6.3CT 4A 5v -6 3v 2A E3.75, op 85p 
300-0.300v 100 0,/a 6 3v 3 5A 5v 2A 
E3.00, p_p. 85p 250 -0-250v 120 0,/a 6 3v 
31/2A 5v 2A E3.00, p.p. 85p C core type 
250- 0 -250v 50 0,/a 6 3v 1A. 6 3v 0.7A 6 3v 
0.6A E2.00. p p 75p. 
Shrouded types. 5000500 200 0,/a £4.50, k 

CURRENT RANGE OF NEW L.T. TRANSFORMERS 
OPEN TYPE TAG CONNECTIONS 

ALL PRIMARIES 220 -240v 
Type Sec.. Taps Amps Price Carr 

1 24- 304048 -60v 12 £20.25 £2 00 
2 24- 30-40- 48 -60v 10 £19.40 £2 00 
3 24- 3040- 48.60v 8 £15.75 £1 50 
4 24- 30- 40- 48 -60v 5 £10.24 Cl 00 
5 24- 30- 40- 48 -60v 3 £7.90 75p 
6 24.30- 40- 48 -60v 2 £5.53 75p 

6- 8- 70- 12- 16- 18- 20- 24- 36 -40 -48 -608 
CAN BE OBTAINED FROM THE ABOVE RANGE 

7 19.25.33- 40 -50v 10 £17.75 £2 00 
8 19-25- 33.40 -50v 6 E12.00 L1 25 
9 79.25.33- 40 -50v 3 £6.00 75p 

10 19- 25.33- 40 -515v 2 E4.95 75p 
5-7 -8- 1013- 15- 17- 20- 25 -30. 40.508 

OR 25 -0-25v or 20 -0 -20v CAN BE 
OBTAINED FROM THE ABOVE RANGE 

II 12- 15-20- 25 -30v 10 E10.35 01 25 
12 12- 15- 20- 25 -30v 5 E6.70 E 1 00 
13 '12-15-20-25-30v 2 £3.75 75p 

3.4- 5- 6 -8 -9- 1012- 15- 18 -20- 24.308 
or 12 -0 -12v or 15 -0 -15 CAN BE 

OBTAINED FROM THE ABOVE RANGE 

14 12 -24v l2v 60A. 24v 30A £17.50 £2 00 
15 12 -24v 12v 30Ái 24v 30A £14.25 E1 50 
16 12 -24v 12820Ái 24c t0Á E14.25 £i 25' 
16 12-24v 12v t0A. 24v SA 10.75 7i p 

18 12.248 128 4A 24v 2A £2.95 60 
D 

FULLY SHROUDED TYPE TERMINAL CONNECTIONS 

19 4.16- 24-32v 4 £8.95 75 p 

20 4- 16- 24 -32v 2 £4,85 65 p 

21 12 -20.24v 10 E9.50 Cl 00 
22 12- 20-24v 5 E6.50 75p 
23 243036 10 E12.00 Cl 25 
24 24 -3436 5 £9.50 ì1 00 
25 24.30-36 2 £4.50 65p 

CENTRE TAPPED L.T. TRANSFORMERS 
Fully shrouded terminal block connections. Pr" 220 -240v Scr 
sec tapped 30- 25.0- 25 -30v 2 amps £5.95, p.p. 75p 
36-25 -0- 25.36v 5 amps £11.99, p p 111 Open frame type tag 

Pc 240v Sec 18.0 -18v 12 5ACCore tabletop 

Carr £1 250v. 20 0,a 638 lA E1, p p - 

40p 
, 

OIL FILLED BLOCK CAPACITORS 
BY FAMOUS MAKERS 

4 +4 +4 +2 +imid 600v Wkg DC £1.50, pp 
50p 8mfd 2500v DC Wkg £3.75. pp E1 25 
8mfd 400v DC Wkg 85p. pp 25p 8mfd 350v 
DC Wkg 110p, pp 25p 8mfd 300v DC Wkg 
50p, Pp 25p 6mfd 1000v DC Wkg 75p, pp 
25p. 6mfd 60Ov DC Wkg 66p. pp 25p 4mfd 
1250v DC Wkg £1.00, pp 25p. 4mfd 1000v 
DC Wkg 75p, pp 25p. 4mfd 350v DC Wkg 
40P. Pp 25p 2mfd 2000v DC Wkg 85p pp 
25p. 2mfd 500v DC Wkg 3,1p, pp 15p. imid 
2000v DC Wkg SOp, pp 25p 1 mid 600v DC 

'Wkg 25P. PP 15p 0 250,14 7500v DC Wkg 
£1.00, pp 25p. 0 lmld 3000v DC Wkg 30p, 

P P 50p No 13 Potted types. Pn 
110-220-240v Sac. 70v lA and 30v 1A. 
£3.50, cary £1 No 14, Pri 115- 220-240v. 
Sec 43v 0 75A and 43v O 5A and 6 3v 1A. 
E3.50, P P L1 No. 15. Pn 110.220 -240v. 
Sec 29.7v 58. 23v OSA. 78v 60 M /A. 181v 
100 M/A Separate windings. £6.00, cary 

E1 50 No 16 Pri 220 -240v Sec I 2v 6A 
and 15 6v 1 5A, £4.00, cary £1 50 No 17 
Pr, 220-240v Sec. 50v 2A. £3.00. P P 75p 
No 18. Pr. 110220 -240v Sec. Tapped 
4 3 -5 3 -6 3v, 10- 11.12.22 -2324 -25.26 IA 
and 55v 1A. £4.00, P P CI No 19. Pn 
200.220.240v. Sec 6v lA twice E2.00, P P 
75p. No 20 Pc 200- 220.240v. Sec 1058 
2A. E2.00, P P. 75p No 21. Pr. 
200.220.240v Sec Tapped 4 -5v 8A. E2.00. 
P P 75p No 22. Pri. 220 -240v Sec 22 25v 
3 5A and 46v 45 M /A. E4.50, P P Et 

GRESHAM L.T. TRANSFORMERS 
All primaries tapped 10- 0200- 220 -240v 

o 
type tropicalised Terminal block 

connectons (racoon o1 maker's pote. 
No 2 4- 7- 11- 31.32.33.34v 20A £8.50. No 
3 4.7- 11-32- 33- 34.35v 10A 48.50. No 4 
6.13.20.54- 56.58.59v 5A £6,50. Carr on all 
type .£1 "C" core types. all primaries. 
200.220.2408. No 1, 4 separate secs. Iv 
3v 9v, 27v All at 15A. £12.00. No 2, 3 

separate secs 2930.33v 15A. 23 -24 -26v 
,SA, 14- 15.178 5A £12.00 cary E2. 

POTTED H.T. TRANSFORMERS 
BY FAMOUS MAKERS 

No 1 Pr: 110- 220 -2408 Sc' Sec tapped 
408.200 -0- 200 -4088. High taps í65M /A 
Low taps 500M /A £5.50, cari E l No 2 Pr, 

115- 220 -240A Sc, Sec 400-O-400v 
400M/Á £5.75, Carr. f1 No 3 Pr. 

115- 220.240v Sc, Sec 350- 0 -350v 
200M /A. 6.3v 6A. 5v 3A £4.59, carr 01 
No 4 Pr, 115 -220240 Scr Sec 

pp 15p. 0.001 mfd Mica 6000v DC Wkg 75p, 
Pp 25p Electrolytics 100.000mld 
1- 10 +50 %) 35p, pp 1 5p TCC dry 
electrolytic, block type 2000mfd 
_20 % +50% 508 DC wkg 75p. pp 25p. 

HIGH VOLTAGE INSULATION 
TRANSFORMER 

Pri 200.220 -240v SEC tapped 4- 5 -6.3v 12 
amps and 2 5v 35 amps One only E20.00. 
can £3 

ISOLATION TRANSFORMERS I 

BY FAMOUS MAKERS 
Pr, 200- 220 -240v Sc r sec 240v 13 amps 
conservative) sra£3.Open type. block 

3300.330v 200M /A. 6 3v 6A. 5v 3A 
E4.00, cary. El No 5 Pro. 220.240v Sc, Sec 
250- 0 -250v 320M /A. 6.3v 10A £4.50, cari 
01 No 6 Pn 1 1 0- 220- 240v Sc, Sec 1875v 
60M /A and 500Y 31M /A £8.00, cary E1 

No 7 Pr: 110 -220 -240v Scr Sec. 230v 
200M/Á.6 3v 7A E3.00, Cott 75p. No 8 
Pri. 220 -2408 Scr Sec. 250.0250 75M /A 
6 3v 2A, 6.3v IA, £3.00, cary 75p No 9 Pn 
220.240v Scr Sec. tapped 1 70. 
180190- 200210 -220230.2408 175MÁ ' 

6 3v 3A. 6 3v 2A E3.75, cary 75p. No 10 
Pr, 220-240v Scr Sec. 250 -0.250v 
100M /A. 6 3v 3A. 5v 2A E3.00. cart 75p 

AZ WKG BLOCK CAPACITORS 
Dub:lier 15ín U 330v AC Wkg. £1.25, P P. 

25p. 100,16 350v AC Wkg. 0.00, P P 25p. 
.5mfd 300v AC Wkg 75p, P P 25p. 4mfd 
6508 AC Wkg E7.00, P P 25p 4etid 500v 
6508 

AC 
75p, P.P 25p. T C C. 4mfd 2508ÁC 

Wkg 50P, P P 20p 2 5mfd 300 AC Wkg 
50p, P P 20p 1.5mfd 400v AC Wkg 75p, 
P P 20p 0 4rnid 440v AC Wkg 50p, P P 

20p. Bosch lmid ld 800v AC E1.00, P P 20p 

cotferm4 
connections [36.00, £4 ár5 
200 -22epe 

Cable 
Scr sec 240v 700 watts 

Open type Cable lead connections £8.50, 
earr £2 Pr,. 115200- 220 -240v Scr sec 
115v 13 5 amps Shrouded type table type 
connections. conservatively rated £32.50. 
can C3 Pif 200 -220 -240v Sec tapped 
90- 100.110-120v 7.5 amps Conservatively 
rated Shrouded typa. Table top connections 
£19.50, can E3 

Ma, A 
H.T. SMOOTHING CHOKES 

Parmeko poned types 1014 180 M/A E2.00, 
P P 50p. 10H 75 M /A E1.00. P P 35p 5014 
25 M /A, E7.00, P P 35p 15H 75 M /A 
E1.00, P P 35p. Swinging type 5H 0 04Á-6H 
0 25A. £1.75, P P 50p Gardners 100H 20 
M/H £1.25, £ 1 . 2 5 , P 35p 20H 120 M /A, 
E1.25, P P 35p 20H 80 M/A. E1.00, P P 
35p C core type 10H 350 M /A. £3.50, P P 

HIGH VOLTAGE TRANSFORMERS 
Gresham Pn 2408 Sec 23008 10 M /A 6 3v 

1 5A O Table top connections. Open type_ 
£340, P P 50p Woden Pn. 230v Sec 

890-710-0-710-890v 120 M/A Open typer 
T T connections. £3.75, P P 75p Parmeko 

paned type Pn 110v 0v. Sec. 1875v 
A, £5.50, can £1 

connections 
connectons £10.00. cart E2 

WODEN AUTO TRANSFORMERS 
3000 watts tapped 105 -115 -125 -135- 200- 215 -230.245.2608 
open type terminal block connections. E79.50, cart £2.00 In 

metal case with twin American 2/3 pin flush mounted sockets 3 

core 240v mains lead Carrying handle £32.50, cart £3 

- LT. TRANSFORMERS FAMOUS 
MAKERS. ALL PRIMARIES 2408 

Sec 6 - 7 2 . 'Tramps. open type iabh i , . I 

:connections 0.50, wrr E2 20v. 20 amt, 
E10, can E2 12v 30 amps twice E17.50, 
cary E3 
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INSULATE THAT CHASSIS, OR COMPONENT, 
THE EASY WAY BY MOUNTING WITH 

TRANSIPILLARS 
FOR 

STRENGTH 

4 

F 

BENRT tES 
SOgS 

INJECTION MOULDED NYLON PILLARS WITH 
INSERTS MOULDED IN FOR SUPER STRENGTH 

TRANSIPILLARS 
ARE 

STRONGER THAN ANY SIMILAR DEVICES 
HAVING MECHANICALLY ASSEMBLED INSERTS 

SIZES FROM 6BA 1/2" LONG TO OBA 23/4" LONG 

METRIC EQUIVALENTS ALSO AVAILABLE 

MIXED TERMINATIONS 
(E G 2BA ONE END, 4BA AT OTHER END) 

AND LENGTHS MADE TO USERS' REQUIREMENTS 

DETAILS, PRICES AND SAMPLES FROM 

WK ELECTRONICS 
Scientific Instruments Er Electronic Components 
40a NAPIER ROAD, BROMLEY KENT BR2 9JA 

Telephone: 01 -460 9861 Telex 696071 

WW -082 FOR FURTHER DETAILS 
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Wireless World. July 1976 

LYNX LTD. DIGITAL DISPLAYS & LED'S 
01704 99p DL747 E1.75 2 RED LED ONLY 13p 
01707 99p D1750 E1.75 GREEN CLEAR 15p 

AC126 
AC127 
AC128 
AC128K 
AC141 
AC141K 
AC142 
AC142K 
AC176 
AC176K 
AC187 
AC187K 
AC188 
AC188K 
A13140 
AD142 
AD143 
AD149 
AD161 
A0162 
41102 
AL103 
AF114 
AF115 
AF116 
AF117 
Af118 
AF139 
AF239 
BC107 
8C1078 
BC108 
8C109 
8C109C 
BC117 
8C125 
BC126 
8C141 
8C142 
BC143 
BC144 
BC147 
BC148 
BC149 
BC152 
8C153 
BC157 
BC158 
BC159 
BC160 
BC161 
BC168B 
8C182 
BC182L 
BC183 
6C1831 
BC184 
BC184L 
13C2076 
BC212 
5C2121 
BC213 
BC213L 
BC214 
8C2141 
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 
0.35 
0.35 
0.95 
0.93 
0.20 
0.20 
0.20 
0.20 
0.50 
0.33 
0.37 
0.14 
0.16 
0.13 
0.14 
0.16 
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' 
0.09' 
0.32 
0.38 
0.09' 
0.11' 
0.11'. 
0.10' 
0.10' 
0.11' 
0.11' 
0.12' 
0.11' 
0.11' 
0.12' 
0.12' 
0.14' 
0.14' 
0.16' 
0.15' 
0.34 . 

BC301 0.32 
BC323 060 
BC327 0.18' 
BC328 0.16' 
BC337 0.17' 
BC338 0.17' 
6CV70 0.12 
BCV71 0.18 
BCY72 0.12 
BD115 0.55 
B0131 0.36 
BD132 0.40 
BD135 0.36 
80136 0.39 
BD137 0.40 
BD138 0.48 
80139 0.58 
BD181 0.86 
80182 0.92 
80183 0.97 
8D232 0.60' 
80233 0.48' 
BD237 0.55' 
00238 0.60' 
80184 1.20 
BDY20 0.80 
50138 0.60 
80Y60 0.60 
BDY61 0.65 
BDY62 0.55 
BF178 0.28 
8F179 0.30 
8E194 0.10' 
6E195 0.10' 
BF196 0.12' 
BF197 .0.12' 
BF224J 0.18' 
BF244 0.17' 
8F257- 0.30' 
8F258 0.35 
BF337 0.32 
BFW60 0.17' 
BFX29 0.26 
BFX30 0.30 
BFX84 0.23 
13f585 0.25 
BFX88 0.20 
efY50 0.20 
8FV51 0.18 
6FY52 0.19 
BFY64 0.35 
BFY90 0.65 
60100 0.20 
BRY39 0.40 
BSX19 0.16 
BSX20 0.18 
BSX21 0.20 
BSY95A 0.12 
BT106 1.00 
91107 1.60 
51108 1.60 
8T109 1.00 
BT116 1.00 
BU105 1.80' 
BU105, 

02 1.90' 
BU 126 1.60'. 

BY206 0.15 
BY207 0.20' 
8YX36300 0.12' 
BYX36-600 0.15' 
BYX36-900 0.18' 
BYX36-12000.21' 
eYX38-300 0.60 
8YX38.600 0.55 
eYX38.900 0.60 
8YX38-12000.65 
BZX61 Series 
Zeners 0.20 
BZX83 or BZX88 
Senes 
Zeners 0.11 
C1064 0.40 
C106B 0.45 
C1060 0.50 
C106F 0.35 
CRS1 /05 0.25 
CRS1 / 10 0.25 
CRSI 20 0.35 
CRS 1-40 0.40 
CRS 1/60 0.65 
CRS3-05 0.34 
CRS3-10 0.45 
CRS3.20 0.50 
CRS3 40 0.60 
CRS3.60. 0.85 
MJ480 0.80 
MJ481 1.05 
MJ490 0.90 
MJ491 1.15 
MJE340 0.40' 
MJE371 0.60 
MJE520 0.45 
MJE521 0.55 
045 0.50' 
0A90 0.08 
0A91 0.08 
0C41 0.15 
0C42 0.15 
0C44 0.12 
0C45 0.10 
0070 0.10 
0071 0.10 
0072 0.22 
OC84 0.14 
SC404 0.73 
SC408 0.81 
SC400 0.98 
SC4OF 0.85 
SC41A 0.65 
SC41B 0.70 
SC41D 0.85 
SC41F 0.60 
ST2 0.20 
TIP29A 0.44 
T1P304 0.52 
TIP314 0.54 
TIP32A 0.64 
TIP34 1.05 
TIP41A 0.68 
11P42A 0.72 
152069 0.14 
1N2070 0.16 
194001 0.04' 
154002 0.05' 

1N4003 
1N4004 
154005 
1N4006 
1N4007 

- 2N696 
2N697 
2N706 
2N929 
2N930 
2N1131 
2N1132 
2N1304 
2N1305 
2N1711 
2N2102 
252369 
2523694 
252484 
2N2646 
252905 
2529054 
252926R 
2529260 
2529267 
252926G 
253053 
2N3054 
2N3055 
2N3440 
2N3442 
253525 
253570 
2N3702 
253703 
293704 
253705 
2N3706 
253707 
253714 
253715 
2N3716 
2N3771 
253772 
253773 
2N3819 
2N3904 
2N3906 
254124 
2N4290 
2N4348 
294870 
2N4871 
254919 
2N4920 
254922 
254923 
2N5060 
2N5061 
2N5062 
255064 
2N5496 

0.06' 
0.07' 
0.08' 
0.09' 
0.10' 
0.14 
0.12 
0.10 
0.14 
0.14 
0.15 
0.18 
0.20 
0.20 
0.18 
0.44 
0.14 
0.14 
0.16 
0.50 
0.18 
0.22 
0.10' 
0.09' 
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 
0.28' 
0.16' 
0.16' 
0.14' 
0.12' 
1.20 
0.35 
0.35 
0.70' 
0.50' 
0.58' 
0.64' 
0.20' 
0.25' 
0.27' 
0.30' 
0.65 

THYRISTORS 
8A 

(7092) 
50 20 
100 25 
200 27 
400 30 
600 

IA 3A 6A 8A os 
(TO5) 11106 type) (T0220) (70220) 

25 35 41 42 47 
25 40 47 48 54 
35 45 58 80 68 
40 50 87 88 98 
65 70 1.09 1.19 1.26 

TRIACS (PLASTIC TO -220 PKGE. ISOLATED TAS) 
4A 6 54 8 5A 10A 1SA 

lal Ib) (a) (b) (3) (b) (a) lb) 
100V 0.60 0.60 0.70 0.70 0.78 0.78 0.83 0.83 1.01 1.01 
200V 0.64 0.64 0.75 0.75 0.87 0.87 0.87 0.87 1.17 1.17 
400V 0.77 0.78 0.80 0.83 0.97 1.01 1.13 1.19 1.70 1.74 
600V 0.96 0 99 0.87 1.01 1.21 1.26 1.42 1,50 2.11 2.17 

N B Triacs without inlernal trigger Mac are priced under column (a) Tnacs with eternal uigger 
diac are priced under column (b) When ordering please indicate clearly the type required 

74 TTL rn,ted prices 

1-24 25-99 100+ 
7400 14p 12p tOp 
7401 14p 12p 10p 
7402 14p 12p 10p 
7403 15p 121/2p 10p 
7404 16p 13p 11p 
7408 16p 13p 11p 
7409 16p 13p llp 
7410 16p 13p llp 
7413 29p 24p 20p 
7417 27p 221/2p 20p 
7420 180 13p 11p 
7427 27p 22 Yu 18p 
7430 16p 13p llp 
7432 27p 22rhp 18p 
7437 27p 221/2p 18p 
7441 75p 62p Sop 
7442 65p 55p 43p 

1.24 2599 100+ 1-24 299 100* 
7445 85p 71p 57p 7493 45p 40p 32p' 
7447 81p 75p 65p 7495 67p 55p 45p 
7448 75p 620 50p 74100 E1.08 89p 72p 
7447A 950 83p 87p 74107 35p 28p 22p 
7470 30p 25p 20p 74121 34p 28p 23p 
7472 25p 21p 17p 74122 47p 39p 31p 
7473 30p 25p 200 14141 78p 63p 53p 
7474 32p 26p 21p 14145 68p 58p 48p 
7475 47p 39p 31p 74154 E1.62 E1.48 860 
7476 32p 28p 21p 74174 E1.00 83p 67p 
7482 75p 820 500 74180 E1.06 88p - 71p 

E1.30 E1.09 870 74181 43.20 42.50 E1.60 
7486 32p 26p 21 74192 E1.35 E1.14 90p 
7489 £2.92 E2.80 E2.10 74193 E1.35 E1.14 90p 
7490 49p 40p 32p 74196 £1.64 £1.34 99p 
7491 65p 55p 45p 
7492 57p 46p 36p 

LINEAR IC'S 
301A 8 pin DIL 35p' 
307 55p' 
3098 E1.60 
380 14 pin DIL 90p 
381 14 pin DIL E1.60' 

3900 14 pin DIL 70p' 565 14 pin OIL E2.00' 
7098 /14 pin OIL 35p' 566 8 pin OIL E1.50' 
741 8 pin DIL 28p' 567 8 pin OIL E2.00' 
741 14 pin DIL CA3046 14 pin DIL 50p' 
748 8 pin OIL 360' CA3045 85p' 
555 8 pin DIL 45p 

HIGHAM MEED. CHESHAM, BUCKS. Tel. (02405) 75154 

VAT - Please add 8% except items marked which are 121/2 % 
P &P 20p. Overseas 80p 

BOOKS 
MOTOROLA 
Diodes Transistors, ate, over 3500 Pages 
CMOS over 400 Pages 
Linear ix. over 800 Pages 
Motorola M6800 Programming Manual 
Motorola M6800 Applications Manual 
From Minicomputers to Microprocessors 

E10.50 
E1.50 
E2.00 
E3.50 
E7.00 
E1.00 

SIG NETICS 
Data /Applications book. over 1600 Pages E4.00 
DM05; 7415; Consumer; shift regi ; RAM's; PROM's 

20p each 

FERRANTI 
E Line Applications 50p 

Complete range of data and applications notes available 

NO VAT THIS SECTION 

SPECIAL OFFERS 
154148 Diodes 12 for 5Op 

30 for E1.00 

0127" Display (MAN3M) 
1000 for E2 35p 

P 
5% Discount Darden over [5.00 

10% Discount orders over £10.00 
Discount not applicable to kit or spacial offers 

14 pin 
16 Mn 
24 pin 

I.C. SOCKETS 
12p 28 pin 
15p 40 pin 
26p 

27p 
30p 

LINEAR ICs 
LM301AV Ext. comp. operational amplifier 
LM307V Int. comp. operational amplifier 
MC1458v Dual comp. operational amplifier 
NE5104 Video amplifier 
'NE540L Audio power driver 
1118555V Timer 
NE556A Dual 555 14 pin 
NE5168 Phase locked loop with A.M. dernude 
NE562B Phase locked loop with V.C.O 
NE566V Phase locked loop function gen. 
'PA239A Dual low noise stereo prremp. 
nA741CV Op. amp. 
..A747CA Dual op. amp. 
MC1303L Dual Stereo pre-amp. 
'MC1306P 1/2 W audio amp. 
MC1304P F.M. multiplex stereo demodulator 
'MC1301 P Stereo demodulator 
'MC1312P) 
'MC1314P) Quadrophonic decoder kit 
'MC1315P) 
'MC133OP Low level video detector 
MC1496G Double Balanced miear 

MOS I.C.s 
AY -5 -1224 12/24 24 hour digital clock circuit 
AY -5 -3510 31/2 digit DVM circuit 
'AY -1 -0212 Master tone generator 
'AY -1 -5051 4 stage divider 
'AY-1-6721/5 5 rage divider 
'AY-1-6721/6 6 stage divider 
'AY- 1.5050 7 stage divider 
C550 8 digit calculator chip 
C500 8 digit calculator chip 
21028 MOS 1024 bit static RAM 

FERRANTI I.C.s 
ZN1040E Universal counter/display CCT 
ZN1034E Precision timer CCT 
ZN41A A.M. radio circuit 
Data and Circuits on 2N414 

36p 
45p 
80p 

E1.58 
E1.17 

44p 
95p 

E2.70 
E2.70 
E7.50 

95p 
42p 
90p 

E1.47 
64p 

E1.12 
E7.92 
E1.94 
£3.31 
E3.59 

67p 

E4.25 
E6.10 
E5.55 
E1.20 
E1.30 
E1.45 
E1.75 
E6.50 
E3.25 
E3.00 

E12.00 
E2.99 
E1.00 

5p 

CAPACITORS 
Electrolytic: paper; Non polar Tant. 
Pack of 25 Mixed our choice 50p 

Metal Tant 6v :- 1: 3.3; 4.7; 56: 68; 180; 
10v :- 150; 
15v: -47 
20v .- 0 1; 1; 39; 68 
35v :- 0 47; 0 56; 0 68; 0132; 1 2 
1 8; 2 7; 3 3; 4 7; 10; 15; 33 
50v :- 33; 39: 10; 15; 22; 27; 50 

Plastic Tent 6v :- 47 

Tubular 20v :- 15 
35v :- 22;33;47;68 

All values microfarads 
Your choice 10p each 

Pack of 20 mixed our choice E1.00 
Polystyrene - Pack of 25 mixed 50p 

RESISTORS 
V2 Wan Carbon. Mallard CR37 10 for 20p 
1/2 Wen Metal Film Welwyn MR5 10 for 50p 
8 Wan Wirewound Welwyn W22 37p 

12 Watt Wirewound Welwyn W23 39p 
20 Wan Wirewound Welwyn W24 41p 
CR37 and MRS min. quantity any one value 10 pus. 
E12 Series available to 1 MO except W23 and W24 up to 
27K only 

POTENTIOMETERS 
Moulded Track - Panel Mounting 
Lin - tw - 250k. 2M 
Log - 1/2w - 10k; 500k 
Min. Moulded Track Linear - Panel Mtg. 
Yaw :- 22k; 100k, 220; 2M2 
Open Min. Preset V.w Linear 
100R: 220R; 250R; 330R; 4708; 500R; 1k; 10k; 25k; 100k; 
500k; 500k; 1M. 
Sealed Min. Preset 1/4w Linear 
335: 100R; 2208; 330R; 5005; 4k7; 5k; 8k; 22k; 25k; 50k; 
100k; 500k, 

Your Choice 10p each -panel mtg: 5p each - preset 
Pack of 10 (inc. 2 penal mtg.) 30p 

Wirewound helical pots (10 turn) 1006. 5k, 50p each 

Mullard 130232 
130233 130233 

-121/2% VAT 80234 
AC176/ 80235 
AD161/162 

128 
E7.20p 

61p 
80237 

AC126 32p 1313238 

AC127 28p 8F115 
AC128 19p BF167 
AC176 25p BF173 
AC176/181 25p BF177 
AC187/188.01 95p BF178 
AC188 47p BF179 
ACV19 43p 6F180 
ACV20 23p BF181 
ACV22D 10p 8F182 
AD140 50p BF183 
AD149 69p 8F184 

AF114 35p BF185 

AF115 30p 6F194 
AF116 26p BF1948 
AF117 25p BF195 

AF121 13p BF196 
AF725 32p SF197 

AF726 30p BF200 
AF139 42p 13E240 

AF178 60p BF241 
AF239 90p 10262 
BAT70 £1.00 6E263 
BAVtO lip 6F336 
BC107 tip BF337 
BC107A 19p 8F338 
BC107B 15p BFR9B 
BC108 16p BFR94 

BC108A 17p 
8C108 8 13p 
BC108C 21p 
8C109B 21p 
BC109C 28p 
BC147 9 
13C146 
BC148B 
BC149 
BC158 
BC159 
BC327 
BC328 
BC337 
BCY72 
B D115 
80124 
80131 
80132 
50133 
80135 
80136 
B D/38 
80139 
80140 
80144 
BD160 
80181 
013182 
80183 
80201 
80203 

p 
7p 

12p 
7p 

10p 
14p 
27p 
25p 
26p 
24p 
31p 
80p 
SOp 
72p 
68p 
42p 
44p 
52p 
Sep 
68p 

£1.80 
E1.00 
E1.00 
£1.00 
L1.00 
E1.30 
E1.30 

BFX84 
BFX85 
BFY50 
BFV51 
BFY52 
BFY90 
85100 
135100-1 
BR101 

E1.10 BRY39 50p BY128 95p 
68p BRY50 52p BY164 59p 
70p BSW67 96p BY182 E1.30 
68p BSX19 32p BY184 41p 
70p BSX20 42p 13Y206 19p 
80p BSY95A 37p BY207 27p 
21p BT102 El 40p BYX10 23p 
27p BU126 C2 20p BVX36-150 12p 
29p BU205 E2.SOp BYX36-600 17p 
63p BU206 E3 00p BYX38-800 41p 
47p BU208 E4 00p 8YX38400R 59p 
54p GET103 6p 'BVX49-600R 43p 
44p GET887 6p 0495 7p 
42p OC28 El 00p 0A200 13p 
44p OC70 6p 0A202 9p 
48p 0075 6p 0AZ223 69p 
26p OCI71 
26p 

9p 
14p MULLARD 
13p 
12p DIODES ZENERS 
13p -121/2%VAT -121/a%WEE 
30p 
20p 44119 11p 521/10 59p 
27p 4A215 13p 82V15CR12 75p 
56p 44213 10p BZX61C27 13p 
56p 44217 22p 8ZX61C72 25p 
37p 84102 23p 52X70011 33p 
42p 54154 10p 13ZX70C30 33p 
47p BA155 11p BZX79- 

E3.50 BA156 11p 4.7V-75V 109 
E7.00 BA182 23p BZY88C6V8 12p 

41p BAX13 
40p BAX17 
48p 851058 
48p 88105G 
36p BR1O0 

£1-70 55100-1 
33p 135101 
39p BY126 
60p BY127 

6p 

Bp 
19p 
33p 
29p 
33p 
39p 
62p 
15p 
13p 

8ZY88C13 12p 
BZY91C15 E5.20 
BZY93C18 74p 
BZY93C20 74p 
BZY93C68 74p 
BZY95C15 68p 
BZY95C18 68p 
BZY95C24 68p 
BZY95C68 680 

AUDIO AND RADIO MODULES 
'LP1400 Stereo Decoder Module 
'LP1162 Audio Amp. 
'LP1173 10W Audio Amp. 
'LP1182/2 Stereo pre -amp. 
'LP1183/2 Stereo pre -amp. 
'LP1184/2 Low distortion stereo pre -amp. 
'LP1185 FM IF Amplifier 
'LP1186 FM Tuner Module 
'LP1194 '40 Voltage Multiplier (EMT gent 

(1) 

E8.02 
E5.46 
E7.54 
E4.00 
E4.92 
E8 18 
E6.28 
E7.78 
E8.10 

SPECIAL OFFER 
10 Wan stereo amplifier comprising: - 
1 It LP1162r 2 and 2 IN LP1173 
'Normal pnce £19.08 'Offer pone E15.00 

(2) FM tuner comprising. - 
1 x LP1185 1 x LP1186 1 or LP1400 
'Normal price E22 08 'Offer price E18.00 f C/COMPONENTS 

Dept. WW, Wellington Road 
London Colney, St. Albans 
Herta 

All prices exclusive of VAT which must be added 
- VAT 8 except items '1-2172% specified: Cash with. order. 

Add 30p P &P UK. E1.00 EEC Countries: no other expon orders acceptable 
Callers by arrangement only 

WW - 060 FOR FURTHER DETAILS 
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Wireless World, July 1976 

AU D Iii i,IVI A1i!II R 
THE AUDIO AMATEUR is a new U.S. quarterly for the 
enthusiast who enjoys hands -on work in building or cus- 
tomizing his audio equipment. 
TYPICAL ARTICLES: Octave equalizers, Transmission 
line loudspeakers with 8" to 24" drivers, Electrostatic 
speakers with a 900 Watt direct drive amplifier, Mixers, 
preamps, parametric equalizers, stock equipment modifi- 
cations, and much more. Completely tested circuits, con- 
struction aids, etched circuit boards, parts sources. 

READERS SAY: "A hit here at WLWT Television .. . 

provided several useful ideas for our engineers." "... Can- 
not praise you enough for your understanding of just 
what it is audio enthusiasts with limited know -how yearn 
to do. " "As an audio technician I have found TAA one of 
the best sources for technical help in the audio field.... r' 

Craig Stark of Stereo Review says: "Those interests of 
the 'home constructor' The Audio Amateur serves are 
nothing if not absoli tely top quality. The magazine is, I 
think, the only American publication devoted to the real- 
ly serious audiophile constructor." 

Yellow Oak Cottage, Tillington, Near Hereford, HR4 8LQ 
Tick here for free prospectus. DEPT' WW 

I enclose £2.50 for four quarterly issues. I enclose £7 for twelve quarterly issues. 

NAME 
Address 
City Cty. Post Code 

Country 
I Please allow eight weeks for sea mail delivery.Rates above are for 

the U.K. only. Rates for other areas available on request. 

SINCLAIR. CBM AND 
NOVUS CALCULATORS* 
Sinclair: Cambridge Scientific E11.45. 
Oxford 300 £13.30. Programmable 
Scientific E25.95. Mains adaptors for all 
models E3.20. 
COM: SR7919D 8 digit /memory/trig/ 
log/ pi/ powers/sci. notation E13.20. 
796MD 8 digit /% /memory £6.45. - 

Mains adaptors E3.20. 
Noves: 750 6 digit £5.45. 835 8 
digit /% /const /sq root /4 funct mem 
£7.60. Mains unit £4.20. 

SINCLAIR BLACK 
WATCH* 
Fully assembled with 
black strap E20.95. 
Bracelet £2.00. 

SINCLAIR IC20 
IC20 1OW +10W stereo amp kit with 
printed circuit E4.95. PZ20 Power supply 
for above £3.95 - VC20 Control and 
preamp kit £7.50. 

BATTERY ELIMINATORS 
55 WAY SUPER 
Switched 3 to 30V in 1/2V steps. Fully 
stabilised. 1Amp output. Kit E8.95. 
Assembled £11.95. 2Amp model Kit 
E10.95. Built £13.95. 

6 -WAY SPECIAL 
Switched output 
of 3. 41/2 , 6. 
7'/ : 9, 
12V at 500mA E5.20. 

8 -WAY DOUBLE RADIO MODEL 
Switched output 3 +3, 41/2 +41/2. 6 +6. 
71/2+7/,. 9 +9, 12 +12V at 250mA 
Also 15, 18, 24V single £6.20. 

3-way modal* 
Switched output of 6. 7'/ and 9V at 
250mA with 4 -way mufti -jack connector 
and free matching socket E2.95. 
RADIO MODELS 
50m4 with press -stud battery connectors 
for radios etc. 6V E3.45. 9V £3.25. 
41/2+41/2V E4.45. 6+6V £4.45. 9+9V 
£4.45. Also 9V 300mA £3.95. 
CASSETTE MAINS UNITS 
7' /V output with 5 pin DIN plug. 50m4 
model £3.45. 300mA model £3.95. 
CAR CONVERTERS 
Input 1 2V DC. Output 6. 71/2. 9V DC 1 A 
regulated £4.75*. 

SINCLAIR PROJECT 80 
FM tuner £13.25. Q16 £9.50. PZ5 
£3.95. PZ6 E8.70. PZ8 £9.10. Trans fo, 
PZ8 £5.80. Z40 £5.75. Stereo 80 
£11.95. Project 8050 E18.95. 

JC12 AMPLIFIER 
6W IC audio amp 
with free data and 
printed circuit £1.95*, 
DELUXE KIT FOR JC12 111r.4 
Volume and tone controls and extra parts 
for the pcb. Mono £2.06. Stereo £4.46. 
JC12 POWER KIT 
Supplies 25V lAmp £3.25, 
SEND SAE FOR FREE LEAFLET 

S-DECS AND T-DECS 
S-DeC E2.24 7r- 
T-DeC £4.05 

- 

u-DeCA E4.45 L 1r.L 
u-DeCB E7.85 " . - A-4-)`¡ 
16 dd IC carriers 
with sockets E2.21 

PRINTED CIRCUIT KIT* 
Make your own printed circuits. Contains 
etching dish, 100 sq ins of copper clad 
board, lib ferric chloride. etch resist pen. 
drill bit and laminate cutter £3.95. 

BATTERY ELIMINATOR KITS 
Send sae for free leaflet on range. 
100mA radio type: with press stud 
terminals. 4' /V. 6V or 9V £1.95. 
100mA double radio type: with press 
stud terminals. 41/2+41/2. 6 +6 or 9 +9V 
£2.80. 
100mA cassette type: 71/2V din plug 
£1.95. 
Stabilized 8 -way types: transistor 
stabilized to give low hum. 3 / 41/2 / 6 
71/2 / 9/ 12 / 15 / 18V 100mA model 
E3.15. 500mA model £4.65. 
Heavy duty 13 -way types: 4' /2 / 6 / 7 

842 /11 / 13 / 14 / 17 / 21 / 25/ 28 
34 / 42V. 14 £4.10. 2A £6.80. 
Car converter kit: Input 1 2V DC. Output 
6 / 71/2 / 9V DC 14 regulated E2.95. 

SWANLEY ELECTRONICS 
DEPT. WW, PO BOX 68, SWANLEY, KENT BR8 8T0 

Post 30p on orders under i2, otherwise free. Prices include VAT. (Overseas customers 
deduct 7% on items marked*, otherwise 1 1%). Official orders welcome 
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DEMA 
ELECTRONICS 
INTERNATIONAL 

ELECTRONIC COMPONENTS DISTRIBUTOR 
FOR INDUSTRY AND HOBBYIST 

MONTHLY SPECIALS 
TTL LINEARS 
7400 .09 or 6/.50 7483 .59 or 6/3.45 LM 309K .99 or 3/2.75 LM709 .19 or 3/.50 
7451 .09 or 6/50 74154 .89 or 6/5.20 LM555 .39 or 3/1.10 LM741 .19 or 3/.50 
7453 .11 or 6/.60 74165 .89 or 6/5.20 LM556 .69 or 3/1.90 LM3900 .29 or 3/.80 

MEMORIES . 

1101 256 -Bit Ram MOS 
5260 1024 -Bit Ram 
1702A 2048 -Bit Ram 
5203 2048 Bit U /Violet Proms 

99 
1.45 
6.95 
5.95 

LEDS 
MV5020 RED DOME 15 or 6 /80 
MV5020 GREEN DOME .20 or 6 /1.00 
MV5020 CLEAR DOME .20 or 6/1 DO 
MAN 1 RED SEG 270" .89 or 6 / 5.00 

CALCULATOR CHIPS 
CT5001 12 Digit 4 Func. 
CT5002 Batt Oper 5001 
CT5005 12 Dig 4 Func w /Mem. 

49 or 3/1.00 
59 or 3/1.25 
69 or 3/1.50 

CLOCK CHIPS 
5311 28 Pin BCD 6 Dig Mua 
5314 24 Pin 6 Dig Mux 
7001 4 or 6 Digit Alarm 

2.75 
3.25 
3.50 

TTL 7400 SERIES 
7400 £ 0.11 
7401 911 
7402 0.11 
7403 0.11 
7404 0.13 
7405 0.13 
7406 0.22 
7407 0.22 
7408 0.14 
7409 0.14 
7410 ' 0.11 
7411 0.16 
7413 0.26 
7416 0 22 
7417 0.22 
7420 0.11 
7426 0.23 
7430 0.12 
7432 0 22 
7437 0.25 
7438 0 25 

7440 60.11 
7441 0.60 
7442 0.55 
7443 0.55 
7444 0.60 
7445 0.75 
7446 0.85 
7447 0.75 
7448 0.65 
7450 0.12 
7451 0.13 
7453 0.13 
7454 014 
7460 0.11 
7470 0 24 
7472 021 
7473 0.25 
7474 0.25 
7475 0.37 
7476 0.26 
7483 0.69 

7485 £ 0.85 
7486 0.24 
7488 2.50 
7489 1.50 
7490 0.40 
7491 0.55 
7492 13.43 

7493 0.43 
7494 0.49 
7495 0.49 
7496 0.55 
74100 0.89 
74107 0.27 
74121 0.27 
74122 0.37 
74123 0.49 
74145 3 57 
74150 0.59 
74151 0.59 
74153 0.69 
74154 1.05 

74155 E 0.69 
74156 0.69 
74157 0.69 
74158 0.69 
74160 0.89 
74162 0.89 
74163 0.89 
74164 1.05 
74165 1.05 
74166 1.05 
74170 1.65 
74175 0.90 
74180 0.80 
74181 2.50 
74182 0.80 
74192 0.90 
74193 0.85 
74194 0.85 
74195 0.80 
74198 1.70 
74199 1.70 

SCHOTTKY 
74500 24 74504 .29 
74502 .29 74508 .35 
74503 .29 74510 .29 

74520 .29 
74522 .29 
74532 .39 

174S74 1 35 

LOW POWER SCHOTTKY 
74L500 .23 74L520 23 
74LS02 .23 74LS32 27 
74LS04 .25 74L540 .33 
741_508 .27 741642 1.35 
741_510 .23 74LS74 .39 

74LS90 1.35 
74LS93 1.35 
74LS95 2.50 
74L5107 39 
74LS164 1.80 

74L5193 1 75 
74L5197 1.65 

CMOS 4000 SERIES 
4000A E 0 19 4014 £ 1 10 
4001 019 4015 1.10 
4002 0.19 4016 0.55 
4006 0.90 4019 067 
4007 0.19 4020 1.15 
4008 130 4021 7.10 
4009 0.49 4023 019 
4010 049 4024 0 85 
4011 0 19 4025 0.19 
0073 0.39 4027 0.75 

4028 £0 96 
4030 1150 
4042 095 
4043 1 20 
4044 1 20 
4049 0.48 
4050 048 
4065 0.75 
4o6Á 0 23 
4069 0.23 

407t £0.23 
4072 0.25 
4073 0.25 
4075 0.25 
4078 0.25 
4081 0.25 
4082 0.29 
4528 0.85 
4585 1.25 

LINEARS 
LM300 TO99 E 045 340U T092 
301 V DIP 029 380 A DIP 
302 1099 0.45 381 A DIP 
304 T0100 0.50 546 V DIP 
305 1099 060 550 ADIP 
307 V OIP 038 555 V DIP 

1099 0.45 556 6 DIP 
308 A DIP 059 560 8 DIP 

0099 0.79 561 ' 8 DIP 
305K T03 145 562 If DIP 
310 T pk9 065 565 A DIP 
311 V DIP 0.90 566 V DIP 
320K TO 3 NEG 567 V DIP 

5.2, 12. 15 1.25 703 V DIP 
324 A DIP 1.07 709 A DIP 
339 A DIP 149 710 A DIP 
340K 103 2.10 711 A DIP 

12V 1 AMP 723 A DIP 

E125 739 ADIP E0.65 
80 741 V DIP 022 

1 05 747 A DIP 044 
0.51 748 V DIP 0.27 
0.55 5556 114561 V DIP 065 
0.45 5558 114581 V DIP 0.65 
0.75 ULN 2111 A DIP 065 
265 LM3900 A DIP 0.35 
2.55 75450 V DIP 0.45 
2.55 75451 V DIP 005 
1 25 75452 V DIP 0.45 
1 20 75453 V OtP 0.45 
1.25 75454 V DIP 0.45 
.28 75491 A pkg 0.65 

0.22 75492 A pk9 0.75 
0.25 ICL8038 Funct Gm 1.95 
0.30 Volt Contr Ouilletor. Sine. Sq 
0.38 5864 22 Pin pkg. 1.45 

V = Mini Dip A = 14L Dip B = 16L DIP 1099 8 -Pin 1 -ender TO100 10-Pin Header 
Data shears suppled on request. Add 20 ea. excepted M notes. 

MEMORIES w /DATA 
1101 256 Bit Ram Mos E 1 79 
1103 1024 Bit Ram Mos 2.25 
7489 182251 64 Bit Ram TTL 1.50 
8223 Programmable ROM 2.50 
5260 1024 Bit Rarn Low Power 1.95 
5261 1024 -Bit Ram L /Power 1,95 
5262 2048 -Bit Ram 4.95 
2102 1024 -Bit Status Ram 3.25, 
LEDS 
MV 5020 Jumbo Red or Clear E 0 15 
MAN I Red 7 SW..270' 
MAN 3A Red Seg..127 .35 
MAN 5 Green 7 5.9..270 1.75 
MAN 6 .6 Solid Sp. 2.50 
9 Digit Array Fairchild 37 

with clear magnifying lens 2.95 

CALCULATORSS CLOCKS it/DATA 
5001 ca Chip E 029 
5002 Ca Chip 1.19 
5005 CA Chip 1 49 
5311 Clock Chip 2.95 
5312 Clock Chip 2.95 
5313 Clock Chip 2.95 
5314 Clock Chip 345 
5316 Clock Chip 3.95 
Data only for any of above 0.50 
Refundable Against Purchase. 

1.30 TRANSISTORS 
2N 2219A TO5 E 0.37 
2N 2222 T018 0.15 
2N 2369 1018 0.10 
2N 2905A 105 0.38 
2N 3227 T018 0.32 

2N 4124 T092 0.10 
IN 4126 T092 0.10 
214 4401 T092 0.10 
2N 5225 TO92 0.10 
2N 5226 TO92 0.10 

DISCOUNTS: 
10% an orden wer E 10 
15% an orden w« E 25 

MIN 
ORDER 

E 2.5 

All Items New Branded 
Guaranteed 8y DEMA ELECTRONICS 

TERMS:. PRICES LISTED ARE BRITISH POUNDS & PENCE. 
SEND CHEQUE WITH ORDER. ACCESS CARD, 

9Mw191rw BANKAMERICARD, BARCLAY CARD ACCEPTED. 0 (Card # and expiration date requested). TERMS 
OFFERED TO SCHOOLS & INSTITUTIONS. 
POSTAL AND HANDLING CHARGES 
SHIPMENT VIA AIR MAIL 
under 4.99 add .45 £ 10 and over 
5.00 -9.99 add .35 No Charge 

DEMA ELECTRONICS INTERNATIONAL 
P.O. Box 407 San Ramon, Ca. 94583 USA 

Cable DEMAELINTL 
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81-PA 
TRANSISTORS 

BRAND NEW, FULLY GUARANTEED 
TYPE PRICE 
ACII7K 0.30 
ACI22 '*0.12 
AC125 *018 
AC126 *0.14 
AC127 *0.11 
ACI28 *011 
AC132 *0.15 
AC134 *0.15 
AC137 *0.15 
ACI41 *0.19 
AC14IK *0.80 
AC142 *0.19 
AC142K *0.26 
AC151 *0.16 
ACI53K *0.24 
ACI54 *0.20 
ACI55 *0.20 
AC156 *0.20 
AC157 *0.25 
AC165 *0.20 
ACI66 *0.20 
AC167 *0.20 
AC168 *0.25 
ACIB9 *0.15 
ACI76 ' *0.11 
AC176K *0.26 
ACI77 *0.25 
AC178 *0.29 
AC179 *0.29 
AC180 *0.20 
ACIROK *0.30 
AC181 *0.20 
ACI81K *0.30 
AC187 *0.22 
ACI87K 0.23 
ACI88 *0.19 
ACI88K 0.23 
ACYI7 *0.26 
ACYI8 *0.20 
ACYI9 *0.20 
ACY20 *0.20 
ACY2I *0.20 
ACY22 *0.17 
ACY27 *0.19 
ACY28 *0.19 
ACY29 *0.38 
ACY30 *0.29 
ACY3I *0.29 
ACY34 *0.21 
ACY35 *0.21 
ACY36 *0.29 
ACY40 *0.18 
ACY4I *0.19 
ACY44 *0.36 
ADI30 *0.39 
AD140 *0.49 
AD142 *0.55 
AD143 *0.49 
AD149 *0.45 
AD161 *0.36 
AD162 *0.36 
AD161 & 
ADI62(MP: 

*0.69 
ADT140 . *0.51 
AFll4 *0.22 
AFI 15 *0.22 
AFIl6 *0.22 
AFII7 *0.22 
AF118 *0.32' 
AF124 *0.28 
AF125 *0.28 
AFI26 *0.26 
AF127 *0.26 
AFI30 *0.31 
AF178 *0.51 
AF179 *0.51 
AF180 *0.51 
AF18I *0.51 
AF186 *0.51 
AF239 40.38 
AL102 *0.75 
AL103 *0.75 
ASY26 *0.26 
ASY27 *0.31 
ASY28 *0.26 
ASY29 *0.26 
ASY50 *0.26 
ASY51 *0.26 
ASY52 *0.26 
ASY54 *0.26 
ASY55 *0.26 
ASY56 *0.26 
ASY57 *0.26 
ASY58 *0.26 
ASY73 *0.26 
ASZ21 *0.41 
9C107 *0.08 
BC108 w.08 
BCIO9 *0.08 
9C113 0.10 
BCI14 0.16 
BC115 0.16. 
B C116 0.16 
BCII7 0.19 
BCI18 0.09 
BC! 19 *0.31 
BC120 *0.81 
BC125 0.12 
BC126 0.19 
BCI32 0.12 
BC/34 0.19 
BC135 0.12 
13036 *0.16 
BC137 *0.16 
BC139 *0.41 
BCI40 *0.31 
BC141 *0.31 
9C142 *0.31 
BC143 *0.31 
13C145 ' 0.46 
90147 0.09 
BC148 0.09 
BC149 0.09 
9CI50 0,19 
BC151 0.20 
BC152 0.18 
BCI53 0.29 
BC 154 0.20 
BCI57 0.11 
BC158 0.11 
BCIBB 0.11 
OCIOS 40.46 
BC161 *0.51 
BC167 010 
BC168 0.10 
BC169 0.10 

TYPE PRICE TYPE PRICE TYPE PRICE 
BC170 008 BF271 *0.31 2N030 *0.21 
BC171 009 6F272 *0.81 2NI131 *0.18 
BC172 O.M BF273 0.36 2NI132 *0.18 
BC173 0.69 BF274 0.36 2N1302 *0.15 
BCI74 0.15 RFW19 *0.61 2N1303 *0.13 
0C175 *0.22 BFX29 *0.25 2N1304 *0.18 
BC177 *016 BFX84 *0.19 2N1305 *0.18 
BC178 *0.16 13FX15 *0.25 2N1306 *0.21 
0C179 *0.16 BFX86 *0.22 2N1307 *031 
BC180 025 BFX87 *0.22 2N1306 *0.24 
BC181 025 00X88 *0.22 2N1309 *0.24 
BC182 0.09 9FY50 *0.13 2N1613 *0.16 
BC182L 0.09 BFY5I *0.13 2N1711 *0.16 
BCI83 0.09 BFY52 *0.13 2NI889 *0.32 
BC183L 009 0FY53 *0.13 2N1090 *0.46 
8C164 0.09 BSX19 *0.16 2N1893 *0.38 
BCI84L 0.08 BSX20 *0.16 2N2147 *0.73 
0C186 029 BSY25 *0.16 2N2148 *0.58 
BC187 *0.29 13SY26 *0.16 2N2192 *0.36 
BC207 0.11 BSY27 *0.16 2N2I93 *0.36 
8C208 0.11 BSY241 *0.16 2N2194 *0.36 
BC209 4.12 85Y29 *O.Ifi 2N2217 *0.22 
RC212 0.10 05Y38 *0.19 2512218 *0.18 
BC2I2L 0.10 RSY39 *0.19 2N2210A *0.18 
8C213 010 BSY40 *0.29 2N2219 *0.18 
BC2I3L 0.10 BSY4I *0.29 2N2220 *0.22 
BC214 0.10 85Y95 *0.13 2N2221 *0.18 
BC214L 0.10 8.SY95A *0.13 2N2222 *0.18 
BC225 0.26 RU105 1.90 2N2368 *0.18 
BC226 0.36 MAT100 *0.19 2N2369 *0.12 
BC251 0.10 MATIOI *020 2N2369A *0.12 
BC301 *0.28 MAT120 *0.19 2N2411 *0.23 
BC302 *0.25 MATI21 *0.20 2N2412 *0.25 
BC303 *0.31 MJE521 *056 2N2646 *0.34 
9C304 *0.31 M1E2955 *088 2102711 *0.21 
BC327 0.12 MJE3055 *057 2N2712 *0.21 
BC328 0.12 MJE3440 *0.51 2N27I4 *0.21 
9C337 0.12 MPF102 *0.28 2N2904 *0.14 
BC338 0.12 MPF104 *0.28 2N2904A *0.18 
13C440 031 MPFI05 *0.28 2N2905 *0.18 
9C480 *0.37 OC19 0.36 2N2905A *0.18 
BCY30 0.23 x20 0.80 2N2906 *0.12 
BCY3I *0.27 OC22 *0.47 2N2906A *0.14 
BCY32 0.11 0C23 *0.49 2N2907 *0.15 
BCY33 *0.22 0C244 *0.57 2702907A *0.16 
BCY34 *0.26 0C25 *0.39 2N2923 0.15 
BCY70 *0.15 ()C26 *0.39 2N2924 0.15 
BCY7I *0.20 0C29 *0.60 2N2925 0.13 
BCY72 0.15 x29 *0.60 2N29266 009 
BCZIO *0.20 OC35 0,45 2N2926Y 0.09 
BCZII 0.26 0C36 0.51 2N29260 0.08 
BCZI2 *0.26 0C41 *0.20 2N2926R 007 
9D115 *0.63 0C42 0.25 2N29269 0.07 
BD116 0.81 ()C44 0.16 2103010 *0.71 
BD121 *0.61 0C45 *0.13 2N3011 *0.15 
BD123 067 0070 0.10 2N3053 *0.15 
BDI24 *0.70 0071 0.10 2N3054 *0.40 
BD131 .0.36 0072 *0.15 2N3055 *0.40 
9DI32 *0.40 0074 0.15 2N3391 015 
BDI33 0.67 0075 *0,16 2N3391A 0.17 
BDI35 0.41 0076 0.16 2N3392 0.15 
BD136 0.41 OCT] 0,26 2N3393 0.15 
8D137 0.46 0081 0.16 2N3394 015 
13D138 0.51 0:81D 0.16 2143395 018 
BD139 0.56 0082 *0.16 243402 *0.21 
BD140 0.61 0082D *0.16 2743403 *0.21 
80155 *0.81 0083 0.20 2N3404 *0.29 
BDI75 *0.61 ()C139 0.20 2N3405 *0.45 
813176 *0.61 0C140 *0.20 243414 0.16 
BDI77 *0.67 0069 *0.26 2N3415 0.16 
BDI78 *067 0C170 0.26 2N3416 0.29 
8D179 *0.71 0C171 *0.26 2N3417 0.29 
8D180 *0.71 0C200 *0.26 2N3525 *0.77 
BD185 *0.67 0C201 *0.29 2N36I4 *069 
BD186 *0.67 04202 *0.29 2N3615 *0.76 
BDIR7 *0.71 0C203 0.26 2513616 *076 
BD168 *071 OC204 0.26 243646 *0.09 
BDI59 .0.77 OC20S .0.38 2N3702 0.09 
BD190 *0.77 0C309 0.41 2N3703 0.09 
BDI95 087 OCP71 0.44 2743704 0.08 
13D196 0.87 ORP11 2N3705 0.08 
BD197 *0.93 NSL4931 0.48 2'43706 0.08 
BD198 *0.92 ORP60 041 2N3707 0.08 
BDI99 *0.98 ORP61 041 2N3708 0.08 
8D200 *098 P20 051 2N3709 0.08 
BD205 *0.81 P346A 40.20 2N3710 0.09 
BD206 *0.81 P397 *0.43 2N37I1 0.09 
130207 *0998 S7140 *0.13 2513819 *0.29 
0D208 *098 ST141 0.18 2,13820 *0.51 
BDY20 1.02 TIP29 0.40 2N3821 0.36 
BFI15 *0.13 TIP30 0.45 2N'3923 *0.29 
BFII7 *0.46 TIP31A *0.32 2N3903 0.29 
13F118 *0.71 TIP32A 0.60 2703904 0.31 
8F119 *0.71 TIP41A *0.63 2N3905 0.29 
BF121 0.46 T1P42A *0.72 243906 028 
13F123 0.31 71S43 0.25 2N4055 0.12 
8F125 0.46 L1746 *0.20 244059 0.10 
8F127 0.51 Z7X107 007 2N4060 0.12 
BF152 036 ZTXI08 007 2744061 012 
8F153 0.46 ZTX109 0.07 2N4062 0.12 
BF154 0.46 Z7X300 0.07 2N4284 0.18 
8F155 *0.71 ZTX500 0.09 2744285 0.18 
8F156 *0.49 226414 1.11 2N4256 0.18 
13F157 *0.36 2G301 *0.19 2N4287 018 
BF158 0.56 26302 *0.19 2,14258 0.18 
13F159 0.61 20303 0.19 2N4289 0.18 
6F160 041 20304 0.25 2N4290 0.18 
BF162 0.41 20306 *0.41 2N4291 0.18 
8E163 041 26308 *036 2N4292 0.18 
13F164 041 2G309 *0.37 2N4293 0.18 
60165 0.41 2G339 *0.20 2515172 0.12 
BF167 *0.22 20339A 017 245194 0.56 
9F173 *0.13 20344 *0.19 245294 *0.56 
8F'176 036 2N404 *0.20 2N5296 0.56 
BFI77 *0.35 2N404A 0.29 2N5457 *0.32 
8F176 *0.31 2N524 *0.43 2N5458 *0.32 
BF179 0.31 2N527 *0.50 2515459 *0.41 
BFIOII *0.31 2N598 *0.43 2706121 *0.69 
13F181 *0.31 2N599 *).46 25301 0.51 
BFI82 *0.41 2N696 *0.10 25302A 043 
BF183 *041 2N697 0.11 25302 *0.43 
140184 *0.26 2N61)6 *0.20 25303 *0.56 
130165 *031 2N199 *0.36 25304 071 
BF187 *0.28 2N706 *0.08 25305 0.80 
0F190 0.41 2N706A 0.09 25306 0.80 
8F194 0.10 2.N'708 *41.11 25307 *0.80 
BF195 010 2N711 *0_31 25321 *0.57 
9F196 012 251717 0_16 25322 0.43 
8F197 0.12 2N718 *0.25 25322A 043 
0F'198 0.12 2N71RA *0L31 25,123 0.57 
BF199 0.12 254726 *0.29 25324 *071 
11E200 *0.46 2N727 *5.29 2S325 0.71 
8F222 *0.46 2N743 *0.20 25326 0.71 
8F257 *0.28 2N744 020 25327 *0.71 
008258 *0.36 2N914 0.15 25701 *0.43 
13E259 *0.46 2N916 *0.31 40361 .0.41 
BF270 *0.36 2N929 *0.21 40362 0.51 

Wireless World, July 1976 

A SEMICONDUCTORS 
*74 SERIES T.T.L. I.C's SUPER UNTESTED PAKS 

BI -PAK STILL LOW PRICE. FULL SPECIFICATION 
Pak So. Description Price GUARANTEED 
UI 120 Glass Sub -min G.P. Germ. diodes 0.60 

2 50 Mixed Germanium transistors AF RE 0,60 
3 75 Germ gold bonded submin like 0Á47 0.60 
4 30 Germ. t rancistors like 0081. ÁC128 *0.80 
5 NJ 200mA sub -min silicon dindes 0.60 

U6 30 Sil trans. NPN INe BSY95A. 2N708 0.60 
7 16 Sil. rest. 750mA up to 1000 . 0.60 
5 50 Sil. diodes DO -7 250mA like 0Á200 202 0,60 
9 20 Mixed voltages, 1 Watt Zener Diodes 0000 0.60 
10 20 BAY50 charge storage diodes DO.7 0.60 
II 20 PNP Sil. trans, 70.5 hke 2N 1132. 2512904. 0.60 
13 30 PNP -NPN Sil. trans 0C20Ó &2S104 0.60 
14 150 Mixed silicon and Germ diodes 0.60 
15 20 NPN Sil. trans TO -5 like 2N696 0.60 
Ifi 10 3Amp Sil. rest. stud up to 1(100 PIV *0.80 
17 30 Germ. PNP AF trans. TO.5 like M'Y 1722 0.60 
18 R 6Amp sil. rest. BYZ13 up to 600 PIV *0.60 
19 20 Silicon NPN trans. like BCZIR .... 9.60 
20 121.5 Amp NI rest. top hat up to 1000 PIV 0.60 
2) 30 AF Germ. trans. 2030(1 series & (1071 0.60 
23 25 MA DT's like MHz series PNP series 0.140 
24 204ìerm. I Amp reco 0,1M up in 300 PIV 0,448 
45 ' 5 30051HZ NPN sil trans 2N708. RSY27 *0.611 
26 30 East ,witching *l diodes like IN914 0.60 
29 101 Amp SCRs 10.5 up to 600 PIV 1.20 
32 25 Zener dindes 400mW D0.73 -33 volts mixed 0.60 
33 15 Plastic 1 Amp. sil. rest. 1N4000 series 0.60 
34 30 Sil. PNP trans. TO -5 8CY26, 25302,4 0.60 
35 25 Sil trans. PNP TO- 1825129(16 0.60 
36 20 Sil. NPN trans. TO -S BFY50,51 52 0.60 
37 30 Sil. trans. SO -2 PNP OC200. WS322 0.60 
38 30 Fast switch sil. trans NPN 4(1114 Hr 0.60 
39 30 RF. Germ. PNP trans. 2511301 5 T0 -5 *0.60 
40 10 Dual trans. 6lead TO -S 2,42060 0.60 
43 25 Sil. trans. plastic TO -I8 BC113 114 0.60 
44 20 Sil. trans. plastic TO -S BC115 ... 0000. 0.60 

7 3A SCR T066 up to 600 PIV 1.20 
20 Unijuncunn trans similar to T1S43 . :0.80 
10 TO220AB plastic lilacs 50V 6A 1.20 
9 NPN sil. power trans. like 2103055 1.20 

12 NPN sil plastic power 60W like 255294 120 

Type 
1 

Quantities 
25 100+ 

Type Quantities 
1 25 100+ 

7400 0.09 0.09 0.08 7486. 032 0.30 029 
7401 010 0.09 008 7489 2.90 2.80 2.70 
7402 0.11 0.10 0.09 7490 0.37 0.35 0.33 
7403 0.11 0.10 0.09 7491 0.60 0.58 0.56 
7404 0.13 0.12 0.11 7492 0.43 0:12 0.41 
7405 0.13 0,12 011 7493 043 0.42 0.41 
7406 035 0.24 0.23 7494 0.43 0.42 0.41 
7407 0.25 0.24 023 740.5 0.70 0.68 0.66 
7404 0.15 0.14 013 7496 0.68 066 0.64 
7409 0.13 0.14 013 74100 1.00 0.98 0.96 
7410 0.09 0.09 0.08 74104 0.40 0.38 0.36 
7411 0.23 022 0.21 74105 0.40 0.38 036 
7412 0.26 0.25 0.24 74107 0.36 0.34 0.32 
7413 0.26 0.26 0.25 74110 0S6 0.54 0S2 
7416 029 0.27 0.26 74111 0.83 0.81 079 
7417 0.28 0.27 0.26 74118 090 0.88 086 
7420 0.12 0.11 0.10 74119 1.23 1.20 1.13 
7422 0.28 027 026 74121 036 046 0.25 
7423 030 028 0.26 74122 0.30 0.48 0.46 
7425 030 0.28 0,26 74123 0.58 0.56 0.54 
7426 0.30 0.28 0.26 74141 060 0.58 056 
7427 0.30 0.28 0.26 74145 096 0.94 0.92 
7428 0.42 0.38 036 74150 1J30 1.25 1.20 
7430 0.12 0.11 0.10 74151 0.76 0.74 0.72 
7432 0.30 0.28 0.26 74153 0.95 0.93 0.91 
7433 0.39 0.37 0.35 74154 1.50 1.45 1.40 
7437 0.30 0.28 0.26 74155 0.80 0.78 0.76 
7438 0.30 0.28 026 74156 080 0.78 076 
7440 0.12 0.11 0.10 74157 095 0.93 091 
7441 064 0.62 0.60 741611 1.00 0.98 0.96 
7442 0.65 0,63 0.61 74161 1.00 090 096 
7443 1.10 1.05 1.00 74162 1.00 098 0.96 
7444 1.10 1.05 1.00 74163 1.00 0.98 0.96 
7445 0.95 0.80 0.85 74104 1.25 1.20 1.15 
7446 1.10 1.05 1.00 74165 1.25 1.20 1.15 
7447 0.87 0.65 0.63 74166 1.48 1.44 1.39 
7448 060 0.78 0.76 74174 1.00 0.95 0.90 
1450 0.12 0.11 0.10 74175 093 0.93 0.91 
7451 0.12 0.11 010 74176 1.16 1.11 1.06 
7453 0.12 0.11 0.10 74177 1.16 1.11 1.06 
7454 0.12 0.11 0.10 74(80 1.16 1.11 1.08 
7460 0.12 0.1I 010 74151 2.00 190 1.80 
7470 0.25 0.24 0.23 74182 0.90 0.88 0.86 
7472 0.22 0.21 0.20 74184 1.67 1.62 1.38 
7473 0.26 024 0.22 74190 1.30 L45 1.40 
7474 027 025 0.23 74191 1.50 1.45 1.40 
7475 0.48 0.46 0.44 74192 1.13 1.10 1.03 
7476 0.25 0.24 023 74193 1.13 1.10 1.05 
7490 0.50 0.48 0.46 74194 1.13 1.10 1.03 
7481 1.02 1.00 0.98 74195 060 0.78 076 
7452 0.83 0.81 0.79 74196 1.06 0.98 096 
7483 098 0.96 0.84 74197 1.00 098 0.96 
7464 0.90 0.08 086 74106 210 2.00 1.90 
7485 1.25 1.20 1.15 74199 1.95 1.90 1.85 

Devices may be mixed to qualify for quantity price (TTL 74 Series 
only). Data is available for the above series of IC's in booklet form. 
PRICE 33p. 
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Code Nos. mentioned above are given as a guide to the 
type of device in the pak. The devices themselves are 
normally unmarked. 

SPECIAL POWER OFFER 
R.C.A. 2N5295. NPN to 3 
PLASTIC POWER 
VCE 50V VCB 60v 

P 38w le 4A 

hFE 30 -120 

ONLY £1.50* for 10 

*INDICATOR 

LE.D. Displays 
DL707 Common anode, 0.3" 85p 

DL747 Jumbo common anode, 0.6" £1.70 

DL727 Double digit display, common anode. 0.5" 
£2.00 

LE.D.s 
Available in 0.125" and 0.2" dia. lenses 

Red 10p. Green 17p. Yellow 17p. 

Mounting clips 2p each 

3015F Minitron 7- segment filament £I.I I 

NIXI TUBE - ITT 5870S 
Character height 13.46mm 

SPECIAL OFFER 5 for £2.00 

VOLTAGE 
REGULATORS 

TO :3 Plastic Encapsulation 
*A.7805 1.12(1 

5V (equiv. to MVRSV) 
tiA,7812 LI30 

I2V (Equiv. to MVRI2V) 
uA,7815 L131 

15V (Equiv to MVR15V) 
uA.7618 

I8V (Equiv. to MVR18V1 

1.25 

1.25 

1.23 

1.25 

I D.LL. SOCKETS I 

I 25-100+ 
BPS), 8 pin type (low cost) 

0.14 0.12 0.10 
BPSI4 14 pin type (low cost 

0.15 0.13 0.11 
BPSIfi 16 pin type (low cost) 

0.16 0.14 0.12 
BPS24 24pin woe (I,n, rust) 

0.35 0.33 0.30 

* DIODES 
AAI 19 

AAI20 
AA129 
AA Y:10 
AAZ.I3 
13A100 
8AI 16 
B A126 
BA14R 
BAI54 
BAI55 
BA165 
BA173 
88104 
BY100 
BY101 
BY 105 
BYI14 
BY 124 
BYI26 
BY I27 
BY12R 
BY130 
B Y 133 

BY164 
BYX38 30 
BYZIO 
BYZI I 

BY7,12 
BYZ13 

0.08 
0.08 
0.08 
0.09 
0.10 
0.10 
0.21 
0.22 
0.15 
0.12 
0.13 
0.14 
0.13 
0.13 
0.16 
0.12 
0.18 
0.12 
0.12 
0.13 
016 
0.16 
0.17 
021 
0.31 
0.43 
0.36 
0.31 
0.31 
0.26 

BYZI6 
BYZI7 
BYZIB 
BYZI9 
COOS 
(0A91 Eq) 0.06 
CG651 
(OA70-0A79) 0.07 
OAS Short 
Leads 0.21 
OAIO 
0A47 
0A70 
0A79 
OAR I 

OAKS 
oA90 
OA91 
OA95 
OA2110 
OA2O2 
SDIO 
SDI9 
1N34 
IN34A 
IN914 
IN916 
1704148 
10021 
10951 

0.41 
0.36 
0.76 
0.28 

0.14 
007 
0.07 
0.07 
0.07 
0.181 

0.07 
0.07 
0.07 
007 
0.07 
0.06 
11.06 

007 
0.07 
0.06 
0.06 
0.06 
0.10 
0.07 

'THYRISTORS 
PIS 

10 
20 
3) 
50 

100 
150 
200 
4()0 
600 
8(1O 

0.01 0.6A IA 3A 5.1 5A 7,4 IGA 16A 30A 
/018/092 105 10861(16611)64 Talg 11.440 2048 1048 
0.13 0.15 
0.15 0.18 
0.19 0.22 
022 0.28 0.20 0.25 0.36 036 0.48 031 0.54 1.18 
025 0.30 0.23 0.25 0.46 0.48 0.51 0.57 0.38 1.43 
0.31 0.38 
0.38 044 025 0.30 0.30 0.50 0.37 0.62 062 1.63 - - 0.30 0.39 0.55 0.57 5.62 0.71 0.77 1.79 - - 0.39 0.48 0.69 0.69 0.78 0.99 0.90 - 0.55 0.61 0.51 0.81 9.92 1.22 1.39 4.07 

V.A.T. 
All prices EXCLUDE V.A.T., 

Please add 8% to all prices 
marked * Remainder add l2', % 

( 
LINEAR I.C's 

Iype 

72702 
72709 
72709P 
72710 
72741 
72741(' 
7274 !P 
72747 
72748P 
SL20IC 
S1.701C 
SL702(' 
TAA263 
TAA2q.3 

Quantities Ispe 
25 100+ 

046 0.44 0.42 TAA350A 
0.23 021 0.19 uA703(' 
0.19 018 017 uA709C 
0.32 0.31 0.28 uA71JC 
0.28 0.27 0.26 uA7I2C 
016 0.25 0.24 uA723C 
028 0.27 026 76003 
079 0.74 0.61 76023 
0.15 0.52 0.31 76660 
046 0.42 0.37 1.51380 
0.46 042 0.37 *N F.555 
0.46 042 0.37 NF:5,56 
0.74 0.65 0.56 TBA800 , 

0.93 0.88 0.83 ZN414 

Quantities 
25 100+ 

1.71 1.67 1.57 
026 0.24 0.22 
0.19 0.18 0.17 
0.32 0.31 0.28 
0.32 031 028 
045 0.43 040 
1.39 1.34 1.30 
1.39 1.34 1.30 
0.88 0.86 0.83 
0.93 090 OAS 
045 0.43 0.40 
OSO 0.86 0.83 
1.19 1.34 1.30 
1.11 - - 

SILICON RECTIFIERS ' 

30(101.4 7511mA IA I 55 3A IIIA :DIA 
PIV (007) (SOIE) Plastic (SO16) (5010) (5(1101 (T(148) 

.SII 0.05 0.06 N40111 0.05 007 
IIM) 0.05 0.07 ,14002 0.06 0.09 
200 0.06 0.09 N41103 007 012 
400 0.07 014 N4004 0.08 0.14 
FIM) 0.08 0.16 N4105 0.09 016 
NM) 0.11 5.18 N40(K 11.10 0.18 

1100 0.13 0.28 N4007 0.11 0.23 
1200 - 0.32 N4/q7 0.28 

I *TRIACS 

lase 1(M1V 200V 4187V 

2 Amp TO5 0.:11 0.51 0.71 
6 Amp TO6ífi 6.51 0.61 0.77 

In Amp TO4g 6.77 0.92 1.12 

0.14 *6.19 0.56 
0.16 *0.21 *0.69 
0.20 0.23 00.93 
0.29 0.35 1.25 
0.33 *0.42 1.00 
0.35 0.51 1.94 
0.44 0.60 2.31 
0.54 .0.69 *268 

DIACS 
BRIM 021 
1)32 0.23 
(These two diacs are 
recommended for use 
with Macs.) 

AVDEL BOND 

SOLVE THOSE 
STICKY PROBLEMS! 

CYANOACRYLATE C2 
ADHESIVE 

The wonder bond which works in seconds -- 
bonds plastic tubber. transistors. components 
permanently, immediately' 

OUR PRICE ONLY 70p* 
for 2gm phial 

UNTESTED 
AUDIO PACKS 

Comprising 5 1.C.s 
76003/76023 series 

ONLY £1 per PAK 
Complete with data 

FM STEREQ 
DECODER 

Comprising 51.C.s like 
MC1307 and SN78110 

ONLY £1.50 per PAK 
Complete with data 

BRIDGE RECTIFIERS 

2A/50vRMS 
2A r 100vRMS 
2Ai200vRMS 
2Ai400vRMS 
2A, 10(10vRMS 

0.35 
0.40 
0.45 
0.50 
0.60 

Pep 

Postage and packing 
add 25p. Overseas add 
extra for airmail. Mini- 

mum order £1 

PO BOX 6, WARE, HERTS 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, July 1976 

B/- 
OUR PRICE ONLY. 

105 

High quality modules for stereo, mono and 
other audio equipment. 

PUSH- BUTTON 

STEREO 

FM TUNER 
L 19.95 Fitted 

i 
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 MKS° Kit etc. Alternatively the PS12 cartl 
be used if no suitable supply is available, together with the 
Transformer T461. 
The S450 is supplied fully built, tested and aligned. The unit is 

easily installed using the simple instructions supplied. 

* FET Input Stage 
* VARI -CAP diode tuning 
* Switched AFC 
* Multi turn pre -sets 
* LED Stereo Indicator 

Typical Specification: 
Sensitivity 3µ volts 
Stereo separation 30db 
Supply required 20 -30v at 
90 Ma max. 

STEREO PRE -AMPLIFIER 

A top quality stereo pre -amplifier 
and tone control unit. The six 
push- button selector switch pro- 
vides a choice of inputs together 
with two really effective filters for 
high and low frequencies, plus tape 
output 
MK. 60 AUDIO KIT: Comprising 
2 x AL60's. 1 x SPM80. 1 x 
BTM80. 1 x PA100. 1 front panel 
and knobs. 1 Kit of parts to include 
on /off switch, neon indicator, 
stereo headphone sockets plus 
instruction booklet COMPLETE 
PRICE £27.55. 

TEAK 60 AUDIO KIT: 

Frequency H..,p,w,c + lie 

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 n 

35mm 

plus 62p 
postage. 

Comprising Teak veneered cabinet 
size 163/3"x111/2"x31/4", other 
parts include aluminium chassis, 
heatsink and front panel 
bracket plus back panel 
and appropriate sockets 
etc KIT PRICE £9.20/ 
plus 62p / SPECIFICATION: 

PA100 
OUR PRICE 

£13.50 / 

AUDIO 
AMPLIFIER MODULES 

/ 

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. 

VAT 
ADD 
121/2% 

AL10 
20-30 

The AL10, AL20 and AL30 units 
are similar in their appearance and 
in their general specification. 
However, careful selection of the 
plastic power devices has resulted 
in a range of output powers from 3 

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- 
tridge tape players in the home. 

postage Harmonic Distortion Po =3 watts f =1KHz 02.5% 
Load Impedance 8 -16ohm Size: 75mm x 63mm x 2bmm 

Frequency response ±3dB Po =2 watts 50Hz -25Hz 
Sensitivity for Rated 0/P - Vs =25v. RL =8ohm f =1KHz 75mV.RMS 

AL10 r AL20 r AL30 r 
3w R.M.S. £2.30 5w R.M.S. £2.6 5 10w R.M.S. £2.9 5 

AL GO 25 Watts (HMS) 
* Max Heat Sink temp 90C. * Frequency response 
20Hz to 100KHz * Distortion better than 0.1 at 1 KHz * 
Supply voltage 15 -50v * Thermal Feedback * Latest 
Design Improvements * Load - 3,4,8, or 16 ohms * 
Signal to noise ratio 80db * Overall size 63mm. 105mm. 
13mm- 
Esi«can/ designed to a strict specification Only th, 
finest components have been used and the latest 
solid -state circuitry incorporated in this powerful little 
arnphfier which should satisfy the most critical A F 

enthus u.rsi 3.95 

2.65 

POSTAGE & 
PACKING 
Postage & Packing add 
25p unless otherwise 
shown. Add extra for 
airmail. Min. £1.00 

STEREO 30 
COMPLETE AUDIO 
CHASSIS 
7 +7 WATTS 
R.M.S. 

P & P 45p 

£15. 
The Stereo 30 comprises a complete stereo 
pre -amplifier, power amplifiers and power supply. This, 
with only the addition of a transformer or overwind will 
produce a high quality audio unit suitable for use with a 

wide range of inputs i.e. high quality ceramic pick -up, 
stereo tuner, stereo tape deck etc. Simple to install. 
capable of producing really first class results. this unit is 

supplied with full instructions, black front panel knobs, 
main switch. fuse and fuse holder and universal 
mounting brackets enabling it to be installed in a record 
plinth. cabinets of your own construction or the cabinet 
available. Ideal for the beginner or the advanced 
constructor who requires Hi -Fi performance with a 

minimum of installation difficulty ('can be installed in 30 
mins). 

TRANSFORMER £2.45 plus 62p p &p 
TEAK CASE £3.65 plus 62p p & p 

HEW 

NEW PA12 Stereo 
Pre -Amplifier com- 
pletely redesigned 
f or use with AL10/ 
20/30 Amplifier 

Modules. Features include on /off volume. 
Balance, Bass and Treble controls. Complete 

with tape output. Frequency Response 20Hz -20KHz 
f -3dB). Bass and Treble range 
12dB. Input Impedence 1 meg ohm. 
Input Sensitivity 30OmV. Supply 
requirements 24V.5mA. Size 152mm 
x 84mm x 33mm. 6.50 

Stabilised Power Supply Type SPM80 
SPM80 is especially designed to power 2 of the AL60 Amplifiers, 
up to 15 watts (R.M.S.) per channel simultaneously. With the 
addition of the Mains Transformer BMT80, the unit will provide 
outputs of up to 1.5A at 35V. Size' 63mm. 105mm. 30mm 
Incorporating short circuit protection. 
Transformer BMT80 
£2 -60 + 62p postage £3.00 

P512 
Power supply for AL10/20/30, 
PA12, SA450 etc 

Input voltage 15 -20v A.0 Output voltage 22 -30v D C 

Output current 800 mA Max. Size 60mm x 43mm x 26mm. 

Transformer T533 L2.30 OUR PRICE £ 1 .20 

Bl-PA K 
P.O. BOX 6, WARE, HERTS. 
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DRILL CONTROLLER 
SPECIAL PRICES THIS MONTH LIST FREE 

SEND SAE '..41 Electronically changes 
speed from 

revs. ately 10 revs. to 
maximum. Full power at 

all spees by finger -bp control 
Kit includes all pans. case, 

everything and full instructions 
£2.55 including post & VAT 
Made up model £1.00 Extra 

- 

MULLARD UNILEX 4 410' 
A mains operated 4 + 4 stereo system. Rated one of the 
finest performers In the stereo field this would make a .fir , 
wonderful gift for almost any one In easy-to-assemble 
modular form and complete with a pair of Godmens speakers "A +" 
Mn should sell at about E30 but due to a special bulk buy . 
and as an incentive for you to buy this month we offer the 
system complete at only E14.00 Including VAT and postage 

- 

SWITCH TRIGGER MATS _ 
so thin is undetectable under carpel but will 
swtch on with slight pressure. For burglar _ 

a 
alarms, shop doors. etc - 

24m x 18in. E1.90, post & VAT 30p 13ín. 7 zos 
. 10th E1.50, post & VAT 25p 

N UM ICATOR TUBES 
For digital Instruments, counters, timers, clocks, etc. 0 iii vac. XNII Puce E1.25 each inc Post and VAT 

MAINS TRANSFORMERS 
All standard 230 -250 volt pnmanes E P 

1 v 1 amp (special) 1.78 
iv 5 amp .78 
6.3v 2 amp 1.25 
6.3e 3 amp 1.75 
91/ 1 amp .95 
9v 35 amp 2.50 
t 2V l'7, amp 1.50 
12v 1 amp 1.00 
6 5v -0.6 5v 1 amp 1.50 
18v 1 amp 1.50 
24v 2 amp 2.25 
24v 3 amp 3.80 
12.0.12v 50mA 1.20 
6.0-6v 50mA 1.20 
8.0 -8v 'h amp 1.50 
250Ú25v 2amps . 3.50 
25n 11/2 amps 1.95 
50. 2 amp & 6.3v 1 amp 4.50 
60Y 5 amp & 5v 1 amp 7.50 
27v .. 8 amp 4.50 
305 37 amp 22.00 
BOv tapped 75v & 70, 4 amp 5.50 
250v -60mA & 6.3v 1 5 amps 1.75 
275-0 275v at 90mA & 6.4v . 3 amps 2.25 
EHT Transformer 5000v r m (intermittent( 5.50 
Charger Transformers 
6v and d12v tamps 1.50 
6v and 12v 3 amps 2.25 
6v and 1 2v 5 amps 3.50 

Add P per El to cover postage use VAT 

?: t ̀. 
GPO PUSH -BUTTON DIALLING UNIT 
Will take the place of the normal rotating dial. has 10 numbered keys. se suitable 

o - ,r ts!'=- for other dgnal systems. A desk m untrng unit with rubber feet. this 
only E9 f ts+r:e intricate and expensive piece of apparatus. New and unused - our 

each including post and VAT. / RADIO STETHOSCOPE 
Fewest may to fault find. traces signal from 
penal to speaker. when signal stops you've 
found the fault. Use n on Radio, N, 
amplifier. anything. Complete kit comprises 
two special transistors and all pans 
including probe tuba and crystal earpiece. 
£2.95 twin stetho-eet instead of earpiece 
irto VAT & Poslage 

- - - -. 

TWIN OUTPUT POWER PACKS .,<;: These nave two separately R C smoothed outputs so can operata two battery arts radios on a stereo amp without cross mudulatron (they will of course operate 0 qI '}(k 
one radio /tape / cassetteicalcu4ror in fact any battery appliance and will 

S i4 

if save their cost In a few months) Specs.. Full wave rectification. double 
}fa insulated mains transformer - total enclosed m a hard P V C use - three 

core mains Ind -terminal output - when ordering please state output voltage 
41/2v. 6v. 71/2v. 9v. 12v or 24v. Price £3.95. Post and VAT included 

MAINS TRANSISTOR PACK 
Designed to operate transistor sets and amoldiers Adjustable 
output 6v., 9v., 12 volts for up to 500mA (class B working) 
Takes the place of arty of the following batteries. PPI. PP3. 
PP4 PP6, PP7, PP9 and others Kit comprises. main 
transformer rectifier, smoothing and load resistor condensers 
and instructions. Real snip at only E1.75 Including Post & 
VAT 

MOTORISED DISCO SWITCH 
with sixlr amp edat1changeover sachso 

total of switches are rated et 10 amp each sea total to le over 3 can 
be controlled and this would deem magnificent display. provide agni sp Y 
The motors are 50v, but are of such a low wattage only 2 
wens that they can be driven by a resistor or condenser 

uohaa [ dropper. 

OTTO BUT 12 SWITCH £3.65 POST &VAT PAID. 

MULLARDTHYRISTOR TRIGGER MODULE 
M d I f phase control rri it has two isolated s pro aces e uses or p a (in 
outputs. so one thynstor or two thyristor (in eaparate arms of bodge) 
p,ay be controlled by one module. The timing circuit Is synchronised to 

Ar// 
the pains frequency and control is by an external variable resistor or // 
horn a noltage or current source. Provision is made for teed -back where / / /// _ 
automate control rs required. Price £5.95. 

( . MULTI -SPEED MOTOR 
Six speeds are available 500. 850 and 1.100 

1 Shaft is /i8.000, wmtee and approximeelyD1in 
long Zed /2wrth 

the 
speed 

our 
be lusher 

controlled th the use of r Thyrisor 
controller V any powerf ul and useful motor, see 
approx. 2m. rile . 5th. big. Price £1.50 

j Including post &VAT. 
SPEED CONTROL SWITCH + 4 50P 

CAR TESTING OSCILLOSCOPE 
Enables the electrical performance of the entire ignition ignt 
metre to be observed whilst the engine Is running. It take 
into account working conditions inclutlmg compression end 
temperature, bold of which directly affect Me sparking y Wu9 
tiring voltage. Intermittent and /for delmete faults are Beady 
shown by changes In the image display. Made by E.E. these 

salftontained with carrying handle in a crackle finish are 
caee 

PRICE Et 2.50. Carnage è2 + Bp Complete wit. operating 
iuucnons less leads PLUS 15p POST & VAT 

THIS MONTH'S SNIP 
250 wan Transformer is a very versatile transformer which can be used for many our poses. Rated at 250 
`van it a very well built with ,ram. for upright mounting and Is varnish impregnated. Its primary is for 
230/240 volts 50 cycles. it has four secondaries each 10v very high current windings. Just a few of the 
circuits d can war are 10 -0-10v at up to 12 am s- 20 -0-20v at u to 6 amps single 10v at 25 am p p p g ' 
smote 20v at 12'1 amps, single 30v at 9 amps; single 40v at 6.5 amps The transformer can be used for 
Power cirouits (charging, etc.) or for amplifiers, there beina an earth screen between primary and 
secondaries. A transformer like this today would coat at least E15 from the makers. however. we are 
making a special offer at £3.50 A 28p, post El + 8p each Grab some while you can, our stock may not 
leaf long 

SPIT MOTOR WITH CARTER GEAR - 
BOX 
Probably one of the best spit motors made. Originally 
mended to be used in very high priced cookers however, 
this on be put to plenty of other uses, for instance your 
garden barbecue or to drive a colour di. fora dance or 
dsplay or to dove a cumber for sons polish g; In fact, there 
e no and to ns uses Normal metre operation. Special price 
awns May and June £2.75 including post & VAT. 

WINDSCREEN 
INFRA RED BINOCULARS 
Made for military purposes during and imm,eo,aufly after 
the last war to enable snipers, vehicle drivers etc. to see in 

the dark. The birroculars have to be fed from a high 
- ` voltage source (5KV approx.) and providing the objects 

u5Oai ' will x,w are .the rays of an infra red beam then the binoculars 
tube ; '_ enable these objects to be seen Each binocular eye tube "i. contains a complete optical lens system as well as the infra 

red cell, technical data on which is available. The 
bnoculars are unused. believed to be in good order In 
fact they were Ravin issued and are still in original cases. 

since they were made a long time ego they can hardly be called new Sold without guarantee Price 
E/8.s0 per set 

WIPER 9aa 
CONTROL / _ 

speed Vary speed al your vesper to and 
Cory All parts and insruc 
bons to make. £3.25 plus post ç r '' Yr' 
and VAT ,_ .5, _ SOUND TO LIGHT UNIT 

Another new kit this month is 
single Channel Sound to Light 
Unit, complete kit including 
plastic container, main compon. t, r 
ants include 5 amp thynstor. 

lus transformer, variable pot 
with on /off switch and theorem- !; 

- -1 
.q- 

I 

Or 

EXTRACTOR FAN 
cleans Me air at the rate of to.000 
Cleo feet pea hour. Suitable for 
kitchens, pm our Hobe f r 

raging quiet kfa moms, aim If so orie it 
can hardly be heard. Compact. 
5'h" casing comprises motor, fan 
blades sheet steel casing pull 
switch. m connector end fixing 
brackets £4.74 including post & 
VAT 
Monthly list available free; send 
long stamped envelope 

SMITHS CENTRAL HEATING CONTROLLER 
Push.bunon gives 10 variations as follows (1) continuous hot water and continuous central heating (21 
oenbnuouc hot water but central off at naght (3) continuous hot water but central heating on for 2 periods 

cal circuit d egram. 
PRICE ï5 95 POST & VAT PAID 

SMITHS 24-HR. TIMER HEART 
Neatly cite Aiilosiri i uc pleat i case This is a 24 hi 
,w,c on. twice off, clock switch which will repeat until 
rprogremmed Switch. tared at 15 amps. Limited 
supplies -£3.55 Including VAT & post 

during a day (q) nor wator and central loot on foul day nine Doty (5) tint water au 

Rp d but central hearin one for 2 ods duran the da 6 her water and central ay, g Y Den 9 Y ( I 
heating on Ion 2 periods during the clay mime only - then for summer time use with 
central heating off (7) hot water continuous (8) hot water day time only (9) hot 
water twice dally (10) everything o/f_ 

.n Dine coking unit with 24.hour movement and the switches and other pans necessary to select the 
desiredsprogramme of heating. Supplied complete with wiring diagram Originally sold we believe at over 
E15 - we offer these. while stocks last at £6.95 each including VAt & Postage 

28 R.P.M. GEARED MAINS MOTOR 
- This a substantial motor (1" stack inducuon type) guile 

powerful, 
for 

large enough to dew a totaling display 
or a tumbler for polishing stones etc Approximate overall 

e 4" a 3'A" x 2'h" these are ex -unused equipment. 
® rryingournormalex -equipmentguarantees. 
PRICE £2.95 POST & VAT PAID. 

PRESSURE SWITCH 
Containing a 15 amp change over 

turn operated by a diaphragm which In Wrn 15 

operated by air pressure through a small 
metal tube The operating pressure is 
adjustable but is set to ocerate in approx. 
1eurc of water These are quite low pressure 
dances and can in fact be 

for 
simply by blowing into 

the inlet tube Original use was for washing machine to turn 
off water when tube had reached correct level but no doubt 
has many other applications. £1.85 including post & VAT. 

DC HIGH CURRENT PANEL METERS 
3'he wound wide angle 240° movement 
meters, flush mounting fitted with external 
shunts made by Crompton Parkinson. brawl 

still m makers canons. These are a 

real bargain at E5.50 each including post & 

VAT Reasonable quantet. available in the 
following nag. 0 -10 amps. 0 -20 amps. 
030 amps. 0.40 amps. 0 -50 amps 

SHORTWAVE CRYSTAL SET 
Although this uses no battery it really ug gives a y 9.2x.3 results. You will -Kit 
an amazing assortment of stations over the 19, 25, 31.29 metre bands - Kit 
contains chassis front panel and all the pans. E1.50 - crystal earphones 55p 
including VAT & Postage GLAMORISE YOUR ROCKS 

The way to make rock samples, stamps etc really show 
themselyes off is to light them by means of our miniature UV 
tube THw a only Sw's so the electncity costs are negligible 

kit compnaes UV tube end its 2 mounting holders. 
conrrolchokeandsnrter 
Total price E3.75 POST to VAT PAID 

- -- 
`'9 

)) ` - 
( i' 

- ` " ' e 
- rri,r U m 

ONLY £1.50 FOR SEVEN 
ELECTRIC MOTORS 

7 powerful inn motors as used in racing tars and power models Output 
and types vary la use in hundreds of projects - Tools, toys, models, etc 
All brand new reversible and for 1'h -12v Dacca Wiring a VAT & g g inc. In 
POST PAID 

TELESCOPIC AERIALS 
for portable. car radio or 

transmitter Chrome plated- 
sections, extends from 7'h to six 

47in. 50p + 15p Post & VAT 
KNUCKLED MODEL FOR F.M 80p + 17p 

Post & VAT. 

LIGHT PIPE 
A mains operated travelling eight array 24ft long is us. 130 x'''r'` 

AY' '-'n miniature bulbs which flash in sequence to make bands of light t`. ~ 
move along the tube - The tube can be draped around a pa neuter 
darn or set and cannot fail to attract attention - complete kit b....». 
consss of - 245. of translucent tubing - 140 min. lamps - 8 1 116Hí 
yds multicore cable - motorised switch -- reps for quick t PIPI 7 oonrtectdns and lull wiring instructions.. "...a,i 
£15.00 FOR COMPLETE KIT POST & VAT PAID 

PP3 /PP9 BATTERY ELIMINATOR 
Made in Japan for Bush Radio This is very neat little 
transformer driven full wave unit orally enclosed with input 
mains and output leads. This power supply unit which was 
originally marketed by Bush at over E6 is offered as this 
months snip 
PRICE E2.00 INCLUDING POST & VAT 

SPEED CONTROLLED 9 V MOTOR 
This is a merci with a governor Ser operation intended for 
record players and ape recorders. These are reversible and 
electro magnetically and acoustically screened. Size epprox 
11/2" diameter by l" deep with good length spindle 
Japanese made. portable placement in a good many 
popular cassette and record players. 
PRICE 95p inc POST & VAT MULLARD AUDIO AMPLIFIERS 

All In module form. each ready built complete with hear sinks 

NEED A SPECIAL SWITCH 
Double Leaf Contact Very 

:- 2' slight presurecloses boni 
contacts 12p each Plastic pushrotl °l I suitable for operating lop each to for 68p. 

and connection tags. data suppled 
Model 11 53 500mw power 

v.-- 

r Vp t E1.10 including 
& 

a 'i l Model 1172 1 power output 
E1.35 including post & VAT 
Model EP9000 4 wan power. 

/a' output £2.40 including post & as VAT. ll; EP9001 twin channel or stereo 
pre -amp. £2.50 including post & 
VAT. 

INSTANT START FLUORESCENT 
LIGHTING BARGAINS 
Staneness control gear, complete with tube ends and tube clips for window lighting. signs fascias. etc 
4h. 40w £1.90; 5h 65w. £2.00; 5h 80w £2.20; 65. 80w. E2.45; and for pairs as follows -twin 
23 20w £2.55; twin 

£5.75. 
35. Esear two 

one 
40h. E3.25; twin re. 65w. 

and 
twin 

repeated 
BOw 

£3.95; twin Bh 125w E5.75. These are about ona half of makers current peaces and can't be repeated 
vetme stacks are cleared Please add 30p per peke to cover postage or carriage and 8% VAT. 

LIGHT OPERATED SWITCH FOR 
12 -24V BATTERY OPERATION 
This is completely encapsulated and so make weather -proof 
against all the elements It can. therefore. be put to many 
useful applicatwn. To name a few 1) Automatic switch for a 
mast head light on a boat 2) Automatic switch on for battery 
operafor or alarms in remora places Auto parking 
Tight la a vehicle. no doubt other applications would he 
land by our readers and we would be glad to hear about 
try,. 
Encapsulate unit measures approx. 1.6" a .9" x 1.5" deep 
The can be conveniently mounted through Me front panel of 

ondpn box orsrmiler 
PRICE E1.95 POST & VAT PAID 

Terms: When order under £5 
please add 40p to offset han- 
riling and packing charges. Cash 
with order except Institutions 
and Public Companies. 

J. BULL (ELECTRICAL) LTD. 
(Dept. W.W.), 103 TAMWORTH ROAD 

CROYDON CRO IXX 
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BENTLEY ACOUSTIC 
CORPORATION LTD. 

7A GLOUCESTER ROAD, LITTLEHAMPTON, SUSSEX. T.I. 8743 
ALL PRICES SHOWN INCLUDE V.A.T. AT 121/2 % 

OB2 0.40 61386 0.35 6L6GC 070 12AV6 5.40 30P4 1190 AZ1 0.9 EBC90 0.50 
OZ4 QSS 66A6 040 6L7(M) 0.60 12AX7 014 30P16 0.37 A231 099 EBC91 050 
A3 11.811 68C8 0.N 6E12 029 12AY7 I.N 30P18 930 AZ41 IN EBEN 0.40 

A5GT 0.55 68E8 0.40 6118 O60 12BA6 5.55 30PL1 1.00 836 0.75 EBF83 Q45 

A7GT 0.60 6BG6G 1.00 6L19 2N 128E6 0.55 30PL12 0.40 0719 0.39 EBFTL9 0.40 

B3GT 0.55 6B016 0.70 61-D12 040 12E047 0.55 3011.13 1.00 8729 0.79 EBI21 2.00 

C2 1.14 68.16 0.85 6LD20 090 12BY7 0.85 30PL14 129 01.53 200 EC52 1.00 

D5 0.75 60K7A 0.85 614761 0.70 12E1 3.50 30PL15 1.00 CL)3 1.75 EC53 1.00 

G6 1.119 6BQ5 034 6PL12 0.40 125GT 040 35A3 0.75 Cv6 0.60 EC54 1.00 

HSGT OJö 68Q7A 0.00 6P15 034 12I7GT 0.70 35C5 080 CV63 1.00 ECM 084 
IA 0.25 6BR7 1.09 6Q7G 0.50 12K5 1.50 35D5 090 CV988 0.25 ECM 0.84 

LD5 0.70 6BR8 1.25 6Q7GT 050 12K7GT 0.50 351.601 0.80 CYIC 1.00 EC92 0.55 

LN5 0.70 6057 1.70 6Q7M 0.65 12K8 0.75 35W9 0.55 CY31 070 ECC32 1.06 

N5GT 0.75 6BW6 1.00 6R7G 0.70 12Q7GT 0.50 3523 0.80 DI 0.50 ECC33 200 
R5 0.50 6BW7 085 6R7(M) 1.00 125A7GT 075 35Z4GT 0.70 D63 030 ECC35 2.06 

S4 0.40 68X6 0.29 6SA7 0.55 12SC7 0.50 3525GT 0.80 DAC32 090 ECC40 0.90 

S5 0.35 6BY7 036 6SC7GT 0.75 12SG7 0.55 42 1.50 OAFS! 035 ECC81 0.34 

T4 0.30 6BZ6 0.60 6SG7 0.50 12SH7 0.50 50E15 0.95 DAF% 0.60 ECC82 0.34 

U4 0.70 6C4 0.40 6S147 0.55 12517 0.60 5005 0.70 DC90 0.70 ECM 0.34 

U5 0.85 6C5G 0.60 6SI7 0.60 12SK7 0.60 50CD6G 120 DD4 0.80 ECC84 0.35 

2D21 0.55 6C6 045 6SK7GT 0.55 124d7GT 0.75 50EH5 0.85 DF33 0.75 ECC85 036 
2GK5 0.75 6C9 2.00 6SQ7 0.60 12SQ7 090 50L6GT 1.00 DF91 0.30 ECC86 1.25 

2X2 0.70 6C10 0.71 6U4GT 0.80 12SQ7(T 080 72 070 DF96 0.00 ECC88 0.51 

3A4 0.55 6CB6A 050 6U7G 0.55 12SR7 0.75 77 045 DH63 0.50 ECCIS9 0.80 

3B7 0.55 6C12 0.35 6V6G 0.30 14117 0.75 05A2 0.75 01476 0.50 ECCBM 0.79 

3176 0.40 6CD6G 1.61 6V6GT 0.55 1457 1.00 85A3 075 DH77 0.50 ECCBm 1.40 

3Q4 0.80 6CG8A 090 6X4 0.45 18 1.25 90AG 3.00 DH81 0.80 ECFB(1 0.50 

3Q5GT 0.70 6CL6 075 6X5GT 0.45 19AQ5 0.65 NCO 290 DK32 0.00 ECF82 050 
3S4 0.95 6CL8A 095 6Y6G 095 191366G 1.00 90CV 2.130 DK40 0.70 ECF86 090 
3V4 080 6CM7 1.00 6Y7G 1.25 1966 650 90C1 0.85 DK91 0.50 ECH2I 2.00 

4CB6 0.75 6CS6 0.45 7A7 1.00 19H1 4.00 108C1 040 DK92 1.00 ECH35 1.60 

5CG8 075 6CU5 0.941 7B6 0.80 19Y3 0.40 15062 1.00 DK96 0.70 ECH42 0.71 

5R4GY 1.10 6173 0.75 7B7 090 20D7 0.70 215SG OM DL63 0.70 ECH81 0.35 

5T4 IN 6DE7 090 7n6 2.00 20D4 250 301 1.20 134.82 090 ECHOS 0.50 

5U4G O.N 6DT6A 085 7E8 2.00 20F2 095 302 110 D192 045 ECH84 0.50 

5V4G 0.N 6EW6 085 7H7 090 201.1 120 303 120 DL94 090 ECI90 0.45 

5Y3GT 0.55 6E5 1.00 7R7 2.00 201,1 1.00 305 1.20 DL96 O.BO ECL82 0.40 

5Z3 1.14 6F1 0.80 7V7 2.00 20P3 1.00 807 1.10 DM70 080 EC193 0.79 

5Z40 0.48 6F6G 0.60 7Y4 0.80 20P4 0.84 956 0.50 DM71 1.75 EC194 0.65 

5Z4GT 0.55 6F12 0.50 7Z4 0.80 20P5 1.50 1625 2.50 DW4ß50 L15 EC195 0.70 

6,30E2 0.79 6F13 0.90 802 0.50 25A6G 070 1821 1.00 DY87/6 0.35 ECM 0.45 

6A8G 1.40 6FI4 0110 808 0.45 25L6G 0.70 5702 1.20 DY802 0.45 EF22 1.00 

6AC7 0.55 6F15 0.75 9BW6 090 25Y5 0.80 5763 1.05 FAOCC 2.50 EF40 0.78 

6AG5 0.35 6E18 060 9D7 0.70 25Z4G 0.50 6057 1.00 EOOCF 5.10 EF41 0.75 

6AG7 0.N 6F23 0.65 10C2 0.70 25Z5 0.75 6060 1.00 ENE 225 EF42 0.90 

6AH6 0.70 6F24 080 10D1 0.85 25Z6G 0.80 6067 1.00 E83F 1.00 EF73 1.75 

6AJ5 0.70 6F25 1.00 100E7 0.80 28D7 200 7193 0.00 F98CC 1.20 EF80 029 
6AJ8 0.35 6F26 0.38 IOFI 0.67 30A5 0.75 7475 1.20 E92CC 070 EF83 125 

6AK5 0.45 6F28 074 10F9 0.65 30C1 0.40 9002 055 F.180CC 090 EF65 0.36 

6AK6 0.70 6F32 070 10118 065 30C15 0.77 9006 0.45 E180F 1.15 EF86 0.45 

6AK8 040 6G6G 0.60 10L14 0.45 30CI7 0.77 A1834 1.00 E182CC 3.00 EFN 0.32 

6A15 0.17 6GH8A 0.80 101.D11 075 30C18 1.00 A2134 1.00 E188CC 250 EF91 0.50 

6AM6 030 6GK5 0.75 10PL12 0.45 30F5 070 A3042 aN E290F 5.00 EF92 0.50 

6AMBA 0.70 6GU7 0.90 10P13 0.80 30F1.1 1.07 AC2PEN IA E1148 0.00 EF93 0.40 

6AN8 0.70 6H6GT 030 10P14 2.50 30FL2 1.07 AC2PENDD FÁ50 0.40 EF94 0.40 

6AQ5 0.47 615GT 0.50 I0P18 0.43 30FL12 1.05 1.00 EÁ76 130 EF97 0.90 
6AQ8 0.43 616 0.35 12A6 0.65 30FL13 0.70 AC6/PEN 010 FABC80 Odo EF98 0.90 
CARS OJIO 6J7G 0.35 I2AC6 0.80 30FL14 1.00 AC/P4 1.50 EÁ1791 035 EF183 038 
6AS7 1.00 617M 0.65 12AD6 0.80 30L1 0.39 AC/PEN(7) EAF42 070 EF1M 0.36 

6A16 0.50 6JU8A 090 12AE6 0.80 30L15 0.75 120 0ÁF801 0.75 EFBM 1.75 

6.4U6 0.40 6K7G 0.35 12AT6 045 30L17 0.70 AC/THI 1.00 Eß34 0.30 EH90 0.45 

6AV6 050 6K8G 050 12AT7 034 30PoMR 0.98 AL60 1.20 EB91 0.17 EK90 0.40 

6AW8A 0.84 6K8GT 0.55 12AU6 0.50 3pP12 0.74 ARP3 003 EJ3C41 075 E132 0.N 
6AX4 075 6L1 250 .12A1J7 0.34, 30P I9: ATP4 050 EBC81 645 EL34 000 

F1_I5 3.00 

Ll_f7 3.00 
EIA1 0.57 
E181 0.65 
F193 0.70 
ELM 0.34 
E1.86 0.60 
E1.911 0.47 
EL95 0.67 
EL360 1.80 

EL506 1.20 
EM80 0.55 
EM81 0.60 
EM83 0.60 
EM84 0.45 
EM85 120 
EM87 1.10 

ET04633 230 
EY51 245 
EY81 045 
EY83 0.N 
EY84 120 
EY86/7 0.37 
EY88 0.55 
EY91 0.50 
EZi" 0.45 
EZA0 0.52 
F241 0.52 
EZ80 032 
E291 0.32 
EZ90 645 
FC4 1.14 
FW4/500 aSS 
F1VVg00 LN 
GY501 080 
0730 0.48 
GZ32 0.110 

GZ33 190 
GZ34 0.75 
GZ37 1.10 
HABCHI 0817 

HL13C O.N 
HUM 0.70 
HL23DD ON 
111.41 1.00 
MAID) LN 
19A2DD LN 
H14309 1.70 
HVR2 LOG 
HVR2A 1.60 
KT2 9J0 
KT8 3.N 
KT4I 119 
KT44 1.N 
KT63 5.N 
KT66 3.90 
K171 109 
KI81 2.M 
KIN 875 
KTW61 ISO 
KTW62 1.51) 

KTW63 120 
193 0.50 
LN152 0.45 
LN309 0.49 
M8162 1.00 
MHL4 1.00 
MILDO 0.99 
MKT4 120 
001112/14 LL5 
N308 098 
N339 1.25 
14379 0.50 
P61 CO 

PABC80 0.45 
PC86 0.62 
PC88 0.62 
PC95 0.70 
PC97 0.39 
PC900 0.40 
PCC84 0.39 
PCC05 0.47 
PCC88 0.61 
PCCN 0.49 
PCCI89 0.52 
PCC895 0.75 
PCC806 0.70 
PCF80 0.40 
PCF82 0.45 
PCF84 0.70 
PCF86 0.67 
FCF87 077 
PCF200 1.00 
PCF201 1.00 
PCF800 0.77 
PCF801 049 
PCF902 0.54 
PCF805 1.00 
PCF808 0.53 
PCF808 1.00 
PCH200 1.00 
PCL62 040 
PC183 0.49 
PCLM 5.46 
PCI96 154 
PC198 1.29 
PC1900 LIS 
PCI905/85 

LN 
PE744DD E05 
PEN25 1.00 
0E1445 LOS 
PFI445D0 130 
PEN46 0.N 
PEN453DD 

2J0 
PENA4 1.01 
PENDD/ 
4020 1.00 
PF1200 0.70 
PL33 0.50 
P136 000 
P191 0.49 
P191 A 0.53 
8192 0.37 
PLB.T 0.45 
P194 050 
P1302 ON 
PL501/500 

5.92 
1,1á05 I38 
PI300 1.0111 

P1509 ISS 
PI901 5.74 
PMM 075 
PY31 /39 
PY33/2 0.30 
PY80 9.N 
PY81 9.40 
PY82 0.40 

PY83 0.44, 
PY48 9.40 
PY301 630 
PY500 109 
PY50oA 1.14 
PY800 0.40 
PY801 040 
PLTO 0.50 
QP21 1.10 
QQV03/10 

2N 
Q875/20 1.00 
QS95/I0 I.N 
Q6150/15 1l0 
QV03/12 LN 
QV06/20 3.50 
RII 1.14 
R16 LOO 
617 1J/ 
R18 ISO 
R19 0.75 
R20 000 
R52 048 
RK34 1.00 
SP4 1.50 
SP13C 0.75 
TH/4B 1.00 
TH233 LIS 
TP2620 1.00 
TP22 1.00 
TP25 LOG 

UABC80 145 
UAF42 0.70 
UBC41 0.50 
UBC81 0.55 
UBF90 0.50 
UBF89 039 
119121 LOS 
UC92 030 
UCC84 0.80 
UCC85 045 
UCF80 090 
UCH2I 2.00 
UCH42 0.71 
UCHBI 0.45 
UCIffi 0.45 
UC193 0.57 
I7F41 0.70 
1.7042 0.80 
UM 0.40 
UFOS 0.50 
UF90 0.45 
ÚL41 070 
UI94 0.43 
UMN aN 
URIC 100 
UU5 1.15 
UU9 0.52 
UU12 0.32 
UY41 0.50 
UY42 050 
UY85 035 
UIO 1.00 
U12/14 1.15 
U16 I.N 
U17 I.N 

UI8/30 LSO 
U19 4.99 
U22 0.85 
U25 071 
U26 0.N 
U3I 030 
U33 1.75 
U35 1.75 
U37 2.00 
U45 1.20 
U47 0.71 
U49 0.60 
U50 0.55 
U52 0.60 
UA 0.70 
U78 0.45 
U81 0.80 
U153 040 
U191 050 
U192 0.40 
11193 0.40 
U251 1.14 
U281 5.75 
U282 0.70 
13291 030 
0301 055 
U329 1.011 

U339 0.541 

U38I 0.35 
U403 0.90 
U404 075 
U709 032 
U801 090 
04020 075 
VP2 us 
VP13C aN 
VP23 aN 
VP41 OJO 
VR100 030 
VT81A 0.75 
VUtU 1.00 
VU120 1.00 
VUIZOA 1.00 
VU133 1.00 
W76 030 
W81M 1.20 
W107 0.75 
W719 016 
W729 1.20 
XE3 0.60 
XFY12 0.00 
XI-115 0.00 
XSG15 1.20 
X41 1.00 
X61 1.60 
X65 I.N 
X66 1.00 
X70M 0.75 
X719 035 
Z145 0.67 
Z152 829 
2329 0.70 
Z719 0.20 
z729 Q45 
Z749 QM 
Z759 595 

Transistors AF125 !b 
and Diodes AF126 021 
1141124Á0.01 AF139 0.70 
IN4744A 0.16 AF178 070 
1144962 058 APIOS OSI 
2N404 021 A0786 084 
214986 0.61 AF239 044 
2N1756 0.58 ASY27 050 
2N2147 0.99 ASY28 028 
2N2297 026 ASY20 100 
2N2369 0. 

2N2613 0.45 
16 

BÁ115 
BAI02 

LLN N 
2N3053 028 BA1I8 1121 

2143121 290 BA129 5.14 
2143703 0.23 BA130 0.12 
2143709 023 0A153 018 
2143866 1.16 00610 033 
2143988 0.58 BCY12 058 
25323 0.58 13CY33 623 
AA119 0.18 BCY34 630 
M120 018 BCY38 028 
AA129 0.18 BCI07 014 
AAZ13 0.21 OCIOS 014 
ACI07 0.18 OCIOS 0.14 
AC113 0.30 BC113 LN 
ACII4 047 BCIlS 018 
ACI26 0.14 BC116 11.30 

AC127 0.20 BC118 0.26' 

AC128 0.23 BFI54 10.3S 

AC132 0.23 8E158 0.21 
AC154 0.36 BFISB OM 
AC156 0.23 8F163 023 
ACI57 0.30 13F173 5.44 
AC185 0.30 BFIN 0.35 
AC166 030 BF181 0.47 
AC167 0.69 8E185 0.47 
AC168 0.44 BFY50 610 
ACIN 018 BFY51 5.73 
ACI76 064 BFY52 LIS 
AC177 032 B7X34/400 
ACY17 0.30 631 

033 I00 BY 
ACY19 
ACY18 

023 BYI01 11.18 

ACY20 021 BY105 621 
ACY21 023 BYk14 6.21 
ACY22 018 BY126 9.18 
ACY30 021 BY127 6.21 
AD140 5.42 BYY23 1.18 
AD149 038 BYZIO 5.30 
A13I61 053 BYZIa 470 
AD162 053 BYZ12 0.341 
AF102 1.04 BYZ13 0.311 
AF106 0.58 BYZ15 3.113 
AFI14 030 CGV2E 923 
AFI1S 0.18 CGMH 023 
AFII7 023. FSY11A 029 
AF121 035 FSY4IA 0.20 
AF134 020 GD4 918 

GD5 0.32 
GD6 0.32 
G178 0.23 
GD9 023 
6011 0.23 
GDI2 0.23 
0014 038 
GD1S 0.47 
GD16 O33 
0E7113 1123 

GET118 6.23 
GEr119 0.30 
GEIS73 5.44 
GÉ9587 lSe 
0E41372 1.11 
6E1873 8.18 
GEI982 0.58 
0E71187 020 
0E1089 0.28 
GEfe90 0.26 
GET/96 O.26 

GEF897 0.26 
GEl8B8 4120 

GEX113 0.21 
GEX35 026 
GEX36 038 
0E7445 038 
GEXáS 11.87 

GT3 11.341 

MI 018 
MAT100 0.45 
MAT101 SSO 
MAT120 0.45 
OA9 0.14 
OA47 0.12 
0A70 0.18 
0A73 0.18 
OA79 011 
OA81 011 
OA85 0.11 
OA86 023 
OA90 0.14 
0A91 0.11 
OA95 0.11 
oA200 0.11 
OA202 0.12 
OC19 1.46 
0C22 044 
OC23 0.44 
OC24 044 
0C25 0.41 
0028 0.09 
OC20 573 
OC.36 0.50 
OC38 0.50 
OC41 058 
0C42 073 
0C43 1/71 

0C44 5.13 
OC40 LIS 
0016 018 
OCOS 131. 
OCIO 0.14 
OC71 0.13 
OC72 0.13 
0074 026 
0075 0.13' 
OC78 LAR 
0077 0.32 
OM 0.18 
0078D 0.18 
OC79 047 
OC81 0.13 
OC81D 0.13 
OC82 0.13 
OC82D 0.13 
0033 023 
OC64 028 
0C123 026 
0C140 1.11 

OC169 026 
t0C172 0.41 
017200 0.55 
OC201 0.53 
OC202 050 
0C203 015 
OC204 0.35 
OCi06 0.50 
OC206 1.05 
00812 0.47 
ORP12 0.61 
SFT237 0.50 
SM1036 0.58 
ST1276 038 
SX1/8 021 
U14A6 030 
XZ30 0.30 
Y541 021 
Y728 02t 

ALL 
PRICES 

INCLUDE 
Y.A.T. 

NOTHING 
EXTRA 

TO 

PAY 

MATCHED TRANSISTOR SETS 
LOIS (ACI13. AC154. *1157. AA120). 61p per pa. k 

1/008113 and 2/0011, Sop. 
I /0044 and 2/0045.50p. 
1 'OC82D and 2/OC82. 53p. Set of 3/OC83. 76p. 
I watt Zenners. 24v. 27v. 3v. 3.6v, 43v. 4.7v. 5Iv. 13 
ISv. 16v. 18v. 20v. 24v, 30v, 12p each. 

All goods are unused and subject to the manufacturers' guarantee 

Terms of bu mess. Cash or cheque with order. Despatch charges: - Orders below EIO in value. add 
25p for post nd packing. Orders over £10 post and packing free of charge. All orders cleared some day 
My parcel insured against 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. 

WEST HYDE 

LEDs 
-_ - _ 

and 1, 
NEONS" " 

Above: Red LED, R Threaded chrome LED, 0, S, PCG, PCE, PCH, PCI, 
PCF, PCC. PCB, PCA, PPA, PPG. LEDs in red, green on own or in 
threaded chromium housing, 5.5mm d. hole. S neon 5.5mm 4. O neon 
7mm d. Neons in PC housings 9.5mm d., 3 cap colours, dome, top-hat, 
square. PP 12.5mm d. 8" leads std., 30" extra cost; neon only. 110, 220 or 
500 volts. 

On L.. extruded PVC and anod. ali. Centre: heavy duty carrying handles. 
On R. anod. 6 chromium. Wide range (47 different) in PVC, nylon. 
chromium, anodised, flush, extruded and carrying. 

Pop-up 20,000 ohms /v., LT801, 17 ranges. Pocket LT101 low.cost, 12 
ranges, 1,000 ohms /v. TS141, 66 ranges, 20,000 ohms /v, incl. nylon case. 
115mm scale, 5 amps AC & DC, 2,500 v. AC, well damped, many accessories. 

L. to R. 2h" Bradrad, drills and deburrs. Y. "/l i" 11 diameters Bradrad. 
4 Conecuts, ' /." 12 ". Adel nibbling tool, square or round holes. 11 mm d. 
entry. Underneath: 2 reamers, '/e " /1 ". To make round holes with no 
Vibration. 

THE INSTRUMENT 

COMPONENTS 
Neon picas include P. 8 P. 

LEDs I 10 50 100 
Rad ILED 321 21P 196 17p lOp 
Green ILED 351 30p 25p 22p 2tp 
Red (Tweed) ILE D121 55p 50p 44p 41p 
Green (LED 151 65p 59p 52p 49p 

NEONS, 110 or 230V 
PCA /I S PP. 6" 
PCA /I 5. PP. 30" 
O 

N per 10 (neon only) 

500 1000 
14p 11p 
19p 16p 
39e 36p 
46p 42p 

1 10 100 500 1000 10000 
27.5p 19.36 18.26 17.1p lap 14.9p 
27.5p 21.56 20.4p 19.3p 18.2p 17.1p 
38.5p 31.9p 29.7p 23.6p 27.5p 25.7p 
336 25.3,, 23.1p 226 20.9p 19.8p 
756 66p 55p 48.46 46.1p 41.8p 

PRICES - 1 off inc. P 5. P but not VAT. 
Discounts for quantities 

MI n, mum order 02.00. 

HANDLES 
Chromium from 60P 
Extruded from 01.47 
Nylon from 71p 
PVC from 51p 
Pivoting £1.40 
Flush precision £4.13 
Very Heavy duty 

150 Kg £5.54 

TEST METERS 
LT101 £4.91 
LT801 £10.51 
T5141 £24.26 
141 /30A Shunt 04.82 
141 /Lux £20.79 
141 /Thermometer E18.48 
141/25KV £0.88 

GRADRAD, CONECUT. ADEL 
Gradrad 1' /'," or 36mm 014.30 
Bradrad 2,4" or 60mm 036.30 
Conecut No 1 E4.46 
Conecut No. 2 £7.25 
Conecut No. 3 010.82 
Conecut No 4 013.23 
Set 1, 2, 3 020.37 
Adel E7.57 
Reamer, small £6.49 
Reamer, large E7.59 
Reamer, pair E12.65 

KNOBS 
See Catalogue for Prices 

PANAVICE 
(Photo. L to RI 
301. base dus vice 
366. 165mm opening 
300. Screw base 
380. Vacuum base 
315, PC holder 
311 Bench clamp 
303, Vertical vice 

ORYX SOLDERING 
Solder pot 
Oryx 75 
Oryx 50 
SR? desolder 
SR3A *solder 
SR35 desolder 
Soldersuck 

0/5.02 
07.61 
£9.01 

E13.28 
£13.00 

£7.51 
Eß.35 

WEST HYDE 

Hundreds of knobs, collet or screw fixing. plastic or aluminium, fluted. 
textured, smooth, wing, pointer, insulated, slow -motion, digital, crank - 
handle, heavy -duty, wing, contemporary, dual, St diamond turned. Shafts 
from 3mm to 10mm. Dia. from 8mm to 58mm. 

A very good holding system. Four vices, 3 different bases, all interchange - 
£10.50 able. Many vice jaws to hr.ld PCs or available in steel, neoprene, nylon etc. 
013.50 Max. opening 6 ". Table mounting, Screw mount or Vacuum base. 

07.25 
06.95 
£5.05 
04.95 
01.50 

RESISTORS 
Price per pack of 

z5 100 
RCf 0 25W 25p 65p 
RCF 125W 3Op 79p 
RCF 5W 30p 79p 
RWW 25W 50p 01.30 
RWW 5W 60p £1.43 
RVW 2 5W lover 1;)1 

£5.00 017.00 
RVW 6W lover 1',)1 

05.00 017.00 
2 5 or 6W (under 1,)) 

£7.50 025.00 
Less for quantity 

OVER 250 DIFFERENT 
CASES IN STOCK -SIZE RANGE 

OVER 5000:1 IN VOLUME 

Send for cataloue 

WEST HYDE 
DEVELOPMENTS LIMITED 

Ryefeld Cres., Northwood Hills, Northwood, Mrdds., HA6 INN 
Telephone: Northwood 24941/26732/27051 

Tuen 923231 West Hyde Nthwd. 

WW -078 FOR FURTHER DETAILS 

Solder pots incl. neOns, temp. controlled irons, Oryx 75 silicone leads, solid 
state control with dial in handle. Orya 50 thermostat in handle, °msoldering 
tools, all with PTFE nozzle. On riant. solder suck at minin.um cost. 

. (STO 

Type OM) Min .) Ma, .! Type (WI 
RCF .12 10 1 M RODA ,5 
RCf 

u 
M.' 407 2M2 M. 2.5 

RCF .5 4137 2M2 RVW 6. 
R/ .25 OR1 10 

Carlson him resistors tRCFI Toge =her with w, ewound resistors )RW WI rn low values 
ana 

s 
un4 (RVW) available in packs of 25 100 1.000 10 000 only : 

, e 125 off priced as 100 off plus 25 off 

M,n tl 
OR1 
ORS 
ORS 

Max ,] 
10 

BK 
10K 

CASE SPECIALISTS 
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New to the UK from PRONTO 
Battery operated LCD read out 
CALENDAR CLOCK KIT -crystal accuracy- 
Bold Digits -runs on two Penlight Cells. 

Now is the time for the hobbyist to move into Advanced 
Technology with Pronto! 
PRONTO MODEL 301 - The first completely portable liquid 
crystal display, digital CALENDAR CLOCK KIT offered in the 
United Kingdom. 
Battery operation - two small alkaline cells give a minimum 
life of 12 months. 

*Superb accuracy through crystal control - of 3 minutes a year 
Wide angle display with '/digits 
Push Buttons give choice of 3 display modes - hours minutes 

on 12 hour display with flashing colon, or seconds, or date. 
`PRONTO 301 comes complete with easy to follow 

instructions AT£29- 50including V.A.T. You save 
Pounds off the recommended retail price of a 
comparable made up clock. 

TERMS: Cash with order - make cheque and /or postal order 
payable to PRONTO ELECTRONIC SYSTEMS LIMITED. 
(P 8.1P - U.K. £0.45 Overseas £1.50) 

10=59 
PRONTO Fluorescent Display 
Alarm Clock KIT 

Wake up to the electronic age with the 
new PRONTO 304 Alarm Clock 
'Large Bright Green Display 
Alarm with 10 minute 'snooze' feature 
'AM /PM indication and simple setting 
'Automatic brightness control on digits 
governed by room lighting 

mllmÍll 
II I 

11111 

Ingenious gravity alarm - time setting 
mode switch 

'Full assembly instructions 

AT £15 -50 including V,A -T. 
With all PRONTO products - enquiries 
from the Trade, as well as the Hobbyist, 
are welcome, and you can also buy 
individual components! 
PRONTO CONSTRUCTOR'S CLUB 
When you buy your first Pronto kit 
you're automatically a Member of the 
PRONTO CONSTRUCTOR'S CLUB. It 
will not only keep you in the picture on 
new ideas and kits ... but gives you 
FREE a £2 Voucher against the purchase 
of your next kit! 
Isn't it time you joined the Club? 

Please send me - ce -ry 

CPRONTO 301 KIT /S 
AT £29.50 EACH (Plus P & P) 

Li 
PRONTO 304 KIT /S 
AT £15.50 EACH (Plus P & P) 

My cheque /P.O. for 

. 

is enclosed 

NAME 

ADDRESS 

Pronto Electronic Systems Ltd. 
645/647 High Rd., Seven Kings, 
Essex IG3 8RA. 01 -599 3041 

The SECOND -USER 
Computer Specialists 
Peripherals and Systems for Data Processing 
Systems, Equipment and Components 

Mini -- Computer 
Exchange 

POPE SK Processor with Teletype & Reader Punch Control Modules 

PD 81 8K & 16K Processors with Teletype Control Module 

POP11 /20 20K Processor with Dual DECtape & Control 64K Disc 
Drive & Control Programmable Real Time Clock 64 ch Line Printer 

NOVA 840 24K Processor with 128K Nova Disc. Visual Display Unit, 
Reel Time Clock. Paper Tape Reader, ASR 33 Teletype 

HONEYWELL 1250 84K Processor with 2 e 64Kc /s 7 -track Tape 

Units. 950 Ipm 120pp Line Prnter, Card Reader. 2 e 18 4meg Disk 

Drives 

PERIPHERALS: DEC DF32 Disk Drive & Control DEC TU80 Dual 
Cassette Drive & Control DEC RT02 Single Line Alphanumeric Display 
and Control. ASR33, ASR35 & K5033 Teletypes 

MAGNETIC TAPES. 
Manufacturer's surplus stocks 
just received. Brand new in 
original sealed packs. 1/2" x 

2,400 ft. £4 per reel, 3/4" x 

2,400 ft. £4.50 per reel. P &P 
extra. 

Add a VAT to ail 
prices shown. 
Cardage extra - 
detaits on request. 

Paper Tape Punches and Readers 

TELETYPE BRPE 110 cps Synchronous Puni ri 

5 r 6 chair chaiiiiia seat contained mains-operated unit 
CO415451109 of punch und base motor and tape 
supply spool Price E145.00 Sound reducing 
cabinet available at E25.00. 
FACIT 4060 rack -mounting heavy-duty punch 5 ' 8 
channel maximum operating speed 150 cps 
Complete with supply and take-up spools tape 
low o and large built -i chad box 
E595.00. Control unn also available 

TALLY P.120 panelimounted perforator Asynchronous operation up 
to 120 cps Integral tape supply and take-up spools Price £1 50.00. 
TALLY 420 Rack -mounting perforator Asynchronous operation up to 
60 cps Integral supply and take -up spools Complete with Model 5088 
transistorised drive package E495.00 
WELMEC LOW -SPEED PUNCH. Magnetically dcven up to 17 cos 
Ideal for data logging Large chad box E45.00. 
FACIT 4001 Rack-mounting high -speed reader A very high quality 
and wnh dielectric reading and capstan dove Reading speed up to 500 
cps lo' 1000 cps using separate spoolerl Can be stopped between two 
consecutive characters £650.00. 
TALLY 6150A READER. 150 rps Fast r 

e 

wind Suitable for 
rack -mounting Complete with supply and take-up spools E200.00. 
TALLY 424 rack -mounting starwheel reader Bidirectional operasen up 
(o 600 cps Complete with supply and take up spools. Price £125.00. 
WELMEC R82 solenoid Operated mechanical reader Low -cost 
low speed reader for speeds up to 17 cps Compact free -standing unit 
E45.00. 
DATA DYNAMICS Punched Card-to-Paper Tape Converter Paper 
tape hand editing units E12.50 (P&P 50p). Paper tape hand splicers 
E16.50 (P &P 508) 
IBM 1130 SYSTEM BK Processor. Paper tape reorder and punch Card 
read punch Automatic typewriter console 
IBM I/O WRITERS Model 73 Golfball Input/Output typewriters. BCD 

Coded. £295.00. 
IBM 7330 TAPE DECKS. "Stopped -down units'. (r e no electronics) 
contesting of complete deck with 7 -track read /write head. drive and 

motors and control panel. Reed /write speed 36" /sec 556 
bpi 
vacuum 

low and high speed rewind 
MD8 KEY -TO -TAPE ENCODERS. 9 -track encoders. IBM coded 
Price £450.00. 

New Economy 80 Column 
Hand Punch 

Completely redesigned with many important 
new features - send for brochure 

from £69.50 

Keyboards 
16-ón Japusu Keyleere. 610.911 NEW SURPLUS, MHeetleelly operated reel relay 
swilcaes mounted on PCB 9 while keys 4 Slack 2 yellow I red. Dimensions 3'.- x 3 

Price 53.50 (PPP 35p1. 

4 BANK HONEYWELL ALPHANUMERIC KEYBOARD - BRAND NEW 

Mounted on printed circuit board (non-coded) 53 character keys + 1 n 
instruction keys and 2 space bars Layout can be re-arranged as 

required Ideal for prototypes and special applications Hall -etteri 
swn ires Power requirement + 5V 420 mA Price E20.00 (P &P El) 
REED -SWITCH 4 -BANK ALPHANUMERIC KEYBOARD mounter 
on printed circuit board with ASCII coded output. 43 character keys + 

shift keys and 12 instructional keys Ideal tar data displays. computer 
programming. etc (a) Ex- equipment. housed in metal case E30.00 + 
1300 P &P, (b) Brand new. mounted on PC board only E30.00 + 
ì1 00 P&P 
MINIATURE MATRIX PROGRAMME BOARDS. X -Y matrix board 
wnh 3mm orating BRAND NEW by Ghielmeth of Switzerland 20x30 
positions (41/2" o 31/21 E15.00; 12,10 (21/4" x 2' /e ") E6.00; 3x10 
(11/4" x 7 ") £A.00. P &P 40p (rode pins available to special order 
from 40p each 
SANDERS 720 DATA DISPLAY SYSTEM. 6 ASCII -coded visual 
display units linked via control unit to communications buffer Suitable 
for use with IBM 360/370 and many other processors. 

COMPUTER SALES & SERVICES (EQUIPMENT) LIMITED 
49/53 Pancras Road, London NW1 2QB. Tel. 01 -278 5571 
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RST VALVE MAIL ORDER CO. 
159 Fallsbrook Rd, Streatham, London, S W 16 6E 

Tel : 01 -677 2424 Telex : 946 708. 
VALVES ECH35 I. 

ECH42 06 
A731 1.01 ECH81 S. 

AZ4I 0.70 ECH83 11.60 

CBL31 1.40 ECH64 Id1 
CI33 I.00 scum la 
CY31 1.6 EC102 0.4 
DAF91 0.4 ECL86 0.00 

DAF96 0.6 ECI1,800 
DCC90 Id6 150 
DF91 04 EF37A 130 

DF96 ON EF39 125 

DK9I OA EF41 0.76 

DK92 1.01 EE55 .1.00 
DK96 0.76 EF80 0.36 

DL92 0.51 EF85 0.45 

DL94 0.4 EFe6 050 

DL96 056 EF89 0.36 

DM70 0.76 EF91 04 
DY78/7 0.4 EF92 0.50 

DY802 0.17 EF98 010 
FABC80 EF183 0.4 

0.a EF184 0.40 

EAF42 0.1E EH90 0.60 

EAF801 EL33 100 
0.15 EL34 0.70 
lm EL37 14 
0.16 EUI 0.6 
ap EL42 1.6 
0.4 E164 0.6 
0.4 EL9I 26 
0.Y EL95 _0.6 
7.6 È1g0 1.75 

1-11 
0 

EM80 0.65 
04 EM81_ 0.00 

0.30 Êy'51 045 

Q EY86 050 

04 F740 0.80 

045 F:74I 0.75 

EBC33 
E13C41 
EBC81 
EBRO 
EBF83 
EBF11B 
EBt31 
ECC40 
ECCO' 
ECC82 
ECC83 
ECC85 

- ECC38 
ECF80 
ECF82 

EZ80 0>0 
ELM 031 
E290 04 
69501 0.6 
6230 06 
GZ32 1.16 
GZ34 1.15 
H63 06 
HID41 DD 

0./0 
HN309 Id0 
KT61 3.40 
KT66 140 
KT81 (7C5) 

100 
K788 3.6 
KTW61 1.60 

KTW62 1.60 

N78 510 
0A2 045 
OB2 045 
024 0.6 
PC86 0.66 
PC88 065 
PC900 Q55 
PCC84 0.45 
PCC89 0.66 
PCC189 0.6 
PCF80 0.4 
PCF66 0.6 
PCF801 0.6 
PCF802 0.55 
PCF805 0.90 

PCF806 0.60 
PCF808 1.00 

PCL62 045 
PC1.83 0.70 
PC104 0.50 
PCIJì5 060 
PC166 350 
PD500 1 50 

PEN45DD 
0.75 

PFL200 0.70 
PL36 0.03 
PL38 1.75 

PI-81 0.55 
PL82 0.50 
PL83 0.50 
PL84 050 
PI500' 0.05 
PL50/ 0.6 
PL508 050 
P1509 7.55 

PL801 I00 

PL802 200 
PY32 0.63 
PY33 0.63 
PY81/800 

0.58 
PY82 045 
PY83 0.50 
PY500 1.10 

PY901 055 
SP41 3.00 
SP61 0.65 

T41 1.50 

1125 100 
U26 0.65 
u19í 015 
U404 0.75 
1.1101 1.16 
7iARC80 

0.40 
1;AF42 0.15 
7173C41 0.6 
UBF80 0.50 
UBF89 0.50 
U('C85 0.50 
UCH42 04 
UCH81 050 
UCL82 0.4 

UCLA 0.10 
UF41 075' 
UFllg 0.50 
UU1 16 
ULM 051 
UY41 0.6 
UY85 0.45 
VP4B 125 
VR75/30 

0.56 
VR105/30 

14 
VR150/30 

045 
YR3 1 
IRS 0.50 
155 040 
IT4 0.4 
354 050 
3V4 0.15 
SR4GY 1.6 
5114G 1.00 

5V40 0.65 
SY3GT 0.6 
5Z4G 0.95 
6/3012 0.91 
6AIS 030 

fiAQS 0.50 

64576 I.00 
6AT6 0.4 
6AU6 040 
6AV5 0.50 
68A6 0.31 
66E6 0.45 
6BH6 0.75 
6676 0.75 
6161374 0.6 
6BR7 1.20 

6BW6 16 
6A-V7 I00 
6C4 140 

6DC6G 1.4 
6CH6 220 
6E5GT 1.50 
6F23 0.90 

675G 0.45 
615GT 0.55 
6.176 I' 045 
6K6GT 0.10 
6K7GT 035 
6K8GT 0.50 
6025 300 
6Q7GT 0.43 
6507 0.50 
6SJ7GT 010 
65L7GT 0.55 
6947UT 055 
6U4GT 0.75 
6U5G 1.50 
6V6GT 0.10 
6X4 045 
6X5GT/G 

055 
7B6 0.6 
787 0.10 

7C5 200 
7C6 100 
7H7 0.00 
7R7 1 
757 2.25 
7Y4 0.4 
I2AC6 0.4 
12AD6 0.6 
12AE6 0.15 
12AT6 0.45 
12A17 0.45 
12AU6 0.50 
12AU7 0.31 
I2AX7 0.31 
12BA6 5.561 

120E6 0.10 
1213197 060 

30015 I OÓ 
30C17 IDO 

30CI8 0.90 

3005 1.00 
30FL1 1.00 

30FLI4 1.00 

30L15 095 
30L17 0.95 
30P12 IDO 

:I0P19 195 
30PLI 0.95 
30PL13 1.10 

30PL14 1.10 

35L60T 0.60 
35W4 0.60 
35Z3 0.80 
35Z4GT 0.70 
5605 070 
50CD6G 1.20 

80 075 
807 IDO 

6680 3.60 
6146 3.01 
6I4M 160 
61460 429 

11BFS 
21301 4.00 
30P1 4.50 
3DPIA 400 
3E01 0.00 
3FP7 2.00 
3GP1 5.00 
SBPI 6.00 
5CP1 500 
8813 15.00 
CV429 2750 
007.5 1200 
VCR136 10.00 
VCR139A 

000 

TRANSISTORS& ICs 4 2N696 
2N467 

0.15 
0.16 

AAI19 0-07 79 033 t)('42 0.4 2N706 012 
AA713 0.12 01- I50 0.36 0C44 O.a 2N706A 0.12 

AAZ15 0.10 B1-I81 0.35 0(.'45 0.20 2N1131 025 
AC107 051 130194 010 0071 0.25 2N1132 024 
AC126 025 BF195 013 0C'72 0.6 2N1302 018 
AC127 0.25 13F197 0.15 0076 030 2N1303 0.18 

AC128 OIS BF200 0.;12 0077 054 2N1304 0.211 

ACI76 025 13FS61 0.25 0081 629 2N1305 0.22 

AC187 021 8E698 0.25 OCe1D an 2N1306 0.26 
ACI88 020 132WI0 OSI 'OC81Z 0.45 2NI307 021 
ACY21 0.35 BFX29 0.26 0083 O6 2N1308 0.21 

ACY39 0.10 BFX88 024 0(140 0.14 2N1309 0.30 

AD140 050 0FY50 021 OCI70 0.30 2NI613 0.21 

AD149 0.75 13F551 0.20, 0C171 0.30 2N1614 0.45 

ADI61 044 6FY52 0.20 0(200 1.4 2N2I47 1.25 

AD162 0.44 130100 0.4 0C201 1.50 '2N2160 0.76- 

AFI 15 025 BY100 0.21 (C202 I50 12N2369A 016 
AFI16 625 13Y126 114 0C203 1.25 2N2646 0.50 

AF117 0.24 6Y127 012 OCP71 1.20 '2N2904 0.20 

AF186 0.4 132X61 senes ORPI2 0.4 2N2904A 025 
AF239 044 020 055 2N2905 132 
ASY27 0.4 BZY88 senes TIC44 029 2N2905A 0.25 

ASY28 125 I 0.10, I T1C226D 1.50 2N2906 120 
BA102 0.25 CRS145 0.45 111209 0.6 2N626 0.12 

BA115 0.10 CR51.40 0.6 ZTX107 012 2N3053 010 
BC107 0.14 CR53.05 0.4 ZTX108 0.10 2N3055 0.6 
BA105 013 CR53-40 0.6 ZTX300 0.13 2N3525 0.91 

BC109 014 MJE390 0.47 ZTX301 0.14 2N3614 16 
BC113 0.15 MJE37O 010 ZTX302 0.16 2N3615 0.6 
BCI17 021 0.62 ZTX304 0.24 2N3702 0.11 

BC143 010 M1F.2955 1.27 ZTX51p 0.13 2N3703 012 
BC147 610 M1E3055 0.71 ZTX501 0.15 2N3704 0.11 
8C148 0.1! MPF102 0.4 I.TX503 0.19 2N370.5 O16 

BC1696 0.15 MPF103 036 7.TX531 025 2N3706 8.I1 

BC182 0.12 MPFI04 035 ZTX550 0.11, 2N3707 013 
BC182L 012 MPF105 0.36 1N914 0.06 2N3708 007 
BC 184L 113 N KT404 1.6 1N4001 0.6 2N3709 0.10 
BCY32 0.6 0A5 022 1N4002 0.07 2N3710 011 

BCY33 0.36 OA10 0.4 IN4003 0.6 2N3711 011 
BCY34 045 I 

OA79 0.10 IN4004 0.6 2N3819 0.31 

BCY70 0.16 DABI all 1744005 0.10 2743820 150 
BCY71 0.72 0491 0.01 IN4006 012 2N3823 0.50 

BCY72 0.15 0A200 06 1744007 0.12 2N3903 015 
BC211 065 0A202 0.6 I744009 0.6 2N3904 0.20 

BD121 1.00 (CI6 100 1744148 0.6 2N3995 025 
013124 06 10'20 2.00 15131 013 2N39116 0.25 

BD131 0.42 0C23 1.25 15921 0.01 2744058 O.IS 

BD132 0.50 (C'25 0.4 152033 0.20 2N4059 0.10 

8E115 0.20 0026 0.75 IS2051A 020 2N4060 0.13 

0F167 025 (C35 0.75 IS2100A 0.20 2N4061 0.13 

0F173 0.26 11(:36 050 153010 a25 2N4062 0.14 

2N4289 
3N141 0.81 

40360 0.40 
40361' 0.45 
40362 040 
40430 0.85 
SN7400 0.16 
SN741 0.16 
SN7401 0.16 
SN7402 .0 .16 

SN7463 0.16 
SN7404 026 
SN7405 022 
SN7466 062 
5N7407 042' 
SN7408 026 
SN7409 026 
SN7410 0.16 
SN741I 025, 
SN7412 0.30 
SN7413 0.36 
SN7416 0.36 
SN7417 0.36 
SN7420 016 
SN7422 0.25 
SN7423 0.37 
SN7425 0.37 
SN7427 037 

i SN7428 0.4 
SN7430 016 
SN7432 0.37 
SN7433 037 

I 
SN7437 037 1 5N743 0.37 
SN7440 0.22 
5N7411AN 

0.02 
SN7442 0.79 
SN7450 0.16 
SN7451 0.16 
5N7453 016 
5N7454 0.16 
5N7460 0.16 
SN7470 0.36 
S197472 030 

. SN7473 0.41 

SN7474 0.42 
5N7475 0.59 

0.30 7 SN 7476 0.45 
51,47480 0.6C 

SN7482 0.67 
SN7483 I.IC 
SN7484 I.00 
SN7486 0.47 
SN7490 0.55 
SN7491AN 

1.00 
0.70 
0.70 
0.00 
0.80 
0/.96 

3.67 
I.OfiI. 

0.45. 
0.54, 
0.6 
0.6' 
I61. 
0.50. 
070 

09. 
4 

1.6 
75 

00 
00 
00 
00 
6 

2.22 
.51 
t0 

26 
6 
00 

SN7492 
SN7493 
SN7494 
SN7495 
SN7496 
SN7497 
SN74100 
SN74107 
57174110 
SN74111 
SN74118 
SN74119 
SN74121 
SN74122 
SN74123 
SN74141 
SN74145 
SN74150 
SN74151 
51974154 
SN74155 
51974156 
SN74157 
SN74170 
51974174 
SN74175 
5/974176 
SN74190 
SN74191 
SN74192 
57474193 
51974194 
SN74195 
SN74196 
SN74197 
5%74198 
SN74199 

CO 

17 

52 

OIL 1 4 pin 15p 
SOCKETS 16 pin 17p 

INDUSTRIAL VALVES 
H3GT 
6'4 
835A 
B63A 
N21 
N21B 
N23B 
N23CR 
X2A 
X28 

2A3 
2ASI5 
2C26A 
2C34 
2C39A 
2C43 
2D2I 
2D21W 
2E26 
2131 
2133 
2150 
2J54 
2156A 
2K25 
2K26 
21(28 
21(45 
2X2A 

3A/I07A 
3A/108A 
34010815 
3A./I098 
3A.(I10A 
3A/11013 
3A/146J 
3A/167M 
3AS 
38/240M 
38/241M 
3824 
3828 
3B29 
3C22 
3C23 
3C24/24G 
3C45 
3CX 100A5 
3E29 
31/121E 
31/160E 
31170E 
3Q 150E 
3Q 195E 
3S4 
3V/3400 
3V/390A 
3V/390B 

4-125A 
4-250A 
4 400A 
4832 
4C35 
4CX2508 
4E27 
4150 
4.152 
4J52A 
4153 
4 X1504 
4X150D 
4X2508 

58/25 I M 
58/252M 
58.'254M 

58/255M 
58/256M 
58/257M 
5C22 
5D21 
5R4GY 
5U4GB 
5Z3 
5Z4G 

6AF4A 
64 K5 
6AMS 
6AM6 
6AN5 
6AN8 
6AR5 
6AS6 
6AU4GTA 
6AUSGT 
6AU6 
6AV5GTA 
6AW8A 
6AX5GT 
6B4G 
6BA8A 
6BK4 
6BK7A 
6BL7GTA 
6E096 
6807 
6BS7 
6BX7GT 
6BZ6 
6CB6 
6CH6 
6CL6 
6CW4 
6DK6 
6DQ6B 
6E48 
6F33 
6H6(metal) 
6K7GT 
6U8A 
6V6GT 

11E3 ueu 
12497 
1284A 
1213974 
12E1 
12E14 
13E1 
2807 
29C I 

53KU 
7581 
75C1 
8341 
85A1 
85A2 
90AG 
90AV 
90C1 
90CG 
90CV 
95A I 

00TH 
5082 
5083 

32 
5003 
5004 

250TH 
328 
324 

705A 
715A 
715B 
723A/8 
725A 

801 
803 
805 
807 
808 
811 
81IA 
8I2A 
813 

828 
8298 
830B 
1360 
866 
866A 
866E 
872A 
8ß1R 
891R 

954 
955 
956 
957 

1625 

2050 
2050W 
2051 

4003A 
4212E or H 
4242A 
43I3C 
4328A 
4687 
6544 
5545 

5642 
5644 
5651 
5670 
5672 
5676 
5687 
5696' 
5702 
5718 
5719 
5725/ 

6AS6W 
5726/ 

6AL5W 
5727/ 

2D21W 
5749 
5750 
5751 
5802 
5814 
5823 
5840 
5963 
5965 
6005/ 

6AQ5W 
6021 
6057 
6058 
6059 

6060 
6061 
6062 
6063 
6064 
6065 
6067 
6072 
6073 
6074 
6080 
6097C 
6130 
6136 
6189 
6197 
6201 
6202 
6203 
6205 
6360 
6442 
6463 
6550 
6807 
6923 
6939 

7193 
7203 
7360 
7586 

8013 
8025A 

9001 
9002 
9003 
9004 
9005 
9006 

13201A 

A1834 
42087 
A2134 
A2293 
A2426 
A2521 
A2900 
ACT6 
ACT9 

BIC IE 
BS90 
135156 
BT5 
BT35 
BT45 
BT79 
BT83 

CIK 
CV5 
CV25 
CV26 
CV28 
CV3I 
CV32 

CV43 
CV73 
CV 4 
CV 5 
CVI18 
CV 21 
CV 24 
cv128 

CV 131 
CV 132 
CV 133 
CV 135 
CV 136 
CV 137 
C4138 
CV140 
CV 144 
CV 160 
CV173 
CV 187 
CV188 
CV190 
CV220 
CV 261 
CV 273 
CV 284 
CV286 
CV287 
CV31S 
CV 329 
CV337 
CV342 
CV345 
CV354 
CV359 
CV 360 
CV 371 
CV 372 
CV378 
CV391 
C V 395 
CV 397 
CV428 
CV434 
CV447 
CV449 
CV466 
CV469 
CV488 
CV491 
CV 492 
CV 493 
CV7I7 
C V 808 
C41072 
C1/1076 
CV 1092 
CV 1219 
CV 1343 
CV 1475 
CV 1476 
CV 1477 
CV 1478 
CV 1794 
CV 1480 
CV 1481 
CV 1482 
CV 1787 
CV 1832 
CV 1833 
CV 1835 
CV 1994 
CV2000 
CV2131 
CV2154 
CV2155 
C42160 
CV2179 
CV2235 
C V 2237 
CV2238 
CV2253 
CV2289 
CV2520 
CV 2522 
C V 2721 
CV2901 
CV3523 
CV192'1 

C V 3986 
CV3988 
CV3991 
CV3998 
CV4001 
CV4002 
CV4003 
CV4004 
CV4005 
CV4006 
C44007 
C44008- 
CV4009 
CV4010 
CV4011 
CV4012 
CV4013 
CV4014 
CV4015 
CV4016 
CV401 7 

C V40I O 

C44019 
CV4020 
CV4022 
CV4023 
CV4024 
CV4025 
C04028 
CV4033 
CV4035 
CV4036 
CV4039 
C V4040 
CV 4056 
CV4059 
CV4060 
CV4062 
CV4063 
C04064 
CV4079 
C04501 
C44502 
C44503 
CVa504 
CV450' 
CV4508 
CV' 5060 
CV6004 
CV 6006 
CV6045 

DA30 
DA41 
0442 
DA 100 
DET 22 

E55L 
E80CC 
E8OFC 
F.SOF 
E80L 
E80T 
88ICC 
E81L 
ER2CC 
E83CC 
E83F 
MCC 
E9OCC 
E9OL 
E91H 
E92CC 
E I 80CC 
EA50 
EA52 
EA76 
ECC35 
EC F804 
FF50 

EF54 
EF55 
EF804 
EFP60 
E L9I 
EN30 
EN31 
EN32 
EN91 
ESU74 
ESU 76 
ESU 77 

F6057 
06060 
F6061 
F6063 
0X219 
0X225 
0X227 

GI'37IK 
G120/IB 
G 150,2B 
G180/24 
G240/2D 
0400/1K 
GN4 
GT IC 
GTR 120W 
GTR I 50MS 
GU 18 
0020/21 
GU50 
GXUI 
11166 
KT67 
KT88 

M8079 
648080 
M8081 
648082 
M8083 
48091 
M8096 
M8097 
148098 
M8100 
M8136 
MR 137 
M8140 
M8141 
M8142 
M8144 
548149 
M8157 
618161 
M8162 
M8163 
M8167 
48179 
648190 
48196 
M8204 
M8212 
M8214 
M8223 
M8224 
M8225 
M8232 
M8237 
M8245 
4E1400 
MEI401 

0A2 
0A3 
0440 
082 
083 

OD3 
0G3 
024 

,OZ4A 

PTI5 

A2400 
A2403 
A2404 
A2406 
A2407 
83/300 
B3-5-750 
r4- 1100 
41 
45 
V02-6 

QQV0.3.10 
QQV03-20 
(?QV03-20A 

g 
VO4-15 
V06-40 
V06- 40A 

S70/20 
S75/20 
S75/40 

QS75/60 
QS83/3 
QQS9NI0 
QS95/10 
QS105/45 

S 150/40 
6150@5 
5150/80 
51200 
SI202 
S1203 
SI205 
U37 
403-12 
0047 

rYVOS-25 
V 
Y3- 125A 
Y4-250A 

4-400A 

06-20 

RIO 
R17 
R18 

SI 1E12 
S130 
S130P 
STV 280/40 
STV280/80 
SU41 
SU42 

TD03 10 
TT15 
TT2I 
TTR3I MR 
TZ40 

U17 
U19 
U27 

V LS631 

Z300T 
Z759 
Z803U 

VAT 
VALVES & PLASTIC 

TRANSISTORS 121/2% 
INTEGRATED 

CIRCUITS 8% AND 
METAL CAN 

TRANSISTORS 8% 

THIS MONTH'S 
OSCILLOSCOPE TUBES 

TYPE DG 7 -5, VCR 139A, CV 1 526 
Price £8.00 P &P 50p add VAT 8% 

SPECIAL OFFER. 
Terms of Business: Mon. to Fn. Open for callers 9 a.m. to 5 p.m. Closed Set. Express postage 15p for 1st valve; 2p each additional valve. Express postage: 15p 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. 

PROXIMITY SENSOR 
TYPE EP45 

ANIMAL VEGETABLE OR MINERAL 

A new type of dieieclnc detector which ts not 
/mned to metals. Will detect movement of 
most materials at considerable distances 
Variable sensitivity will detect humans and 
animals easily up to six feet away and provides 
a T T L. compatible output pulse of adjustable 
exdth Will count up to 5000 objects per 
minute 

Applicalions include security devices. process control and counting. automattc alarm 
and hazard warning systems. vehicle security. detection of humans and animals. etc. 
Power supply requirements 1215 volts at 30mA 

PHYSICAL & ELECTRONIC LABORATORIES LTD. 
MANUFACTURERS OF PRECISION ELECTRONIC EQUIPMENT 

28 Athenaeum Road, Whetstone, London N20 9A E. Tel. 01 -445 7683 

EQUIPMENT DESIGNED BY 
MR. J. L. LINSLEY HOOD 

AUDIO OSCILLATOR 
Simple design. Very low distortion ..10hz 
to 100Khz. 

£14 (Kit) £18 (Made) + tax 8% 

RCM 
Famous 75 Watt + Tax 
HI -FI AMPLIFIER £64 í2v2% 
Distortion is below normal measurement 
Available in pack form or made up 

P.LL F.M. STEREO TUNER 
Kit £40 (Tax 121/24í41 Also In pack form 111 

also supply REG P S V 0 -60v. 0.1A E 1 7 30 Tax 8% F M SIG /GEN Wobbulator 
1:12, T H D Analyser 6:18 50, M VM r í 1 5 25 

Detailed leaflets available Send f cap s.a e 

TELERADIO ELECTRONICS 
(Annual holidays July 12 -25) 

325 FORE STREET, EDMONTON, LONDON N.9. 01 -807 3719 
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Collect wireless world Circards. 
And build a valuable dossier on 
circuit design. 

Circards is a unique and comprehensive 
system, launched by Wireless World, to 
provide professional engineers and 
enthusiasts with valuable and 
up -to- the -minute data on circuit design - 
data not available from any other single 
source. 

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

The double -sided format enables the 
Circard to be filed in standard boxes for easy 
reference. And the plastic wallet provided 
keeps the cards well protected. 

Circard sets (10 cards) come in wallets and 
cost £2.00. A subscription for 10 consecutive 
sets costs £18. 

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

Subjects already covered by Circards 
1. Basic active filters. 2. Switching circuits 
comparators and schmitts. 
3. Waveform generators. 4. AC measurements. 
5. Audio circuits: preamplifiers, mixers, filters and 
tone controls. 
6. Constant current circuits. 7. Power amplifiers. 
8. Astables. 9. Opto- electronics. 
10. Micropower circuits. 11. Basic logic gates. 
12. Wideband amplifiers. 13. Alarm circuits. 
14. Digital counters. 15. Pulse modulators. 
16. Current differencing amplifiers - signal 
processing. 
17. Current differencing amplifiers - generation. 
18. Current differencing amplifiers- 
measurement and detection. 
19. Monostable circuits. 20. Transistor pairs. 

21. Voltage to frequency converters. 
22. Amplitude modulators. 23. Reference circuits. 
24. Voltage regulators 
25. RC oscillators - I. 26. RC oscillators - II. 
27. Linear C.M.O.S. -I. 
28. Linear C.M.O.S. -II. 
29. Analogue multipliers 
30. Non -linear functions 

To: General Sales Dept., IPC Business Press Ltd., Room 11 

Dorset House, Stamford Street, London SEI 9LU 
Please send me set no(s) @ £2.00 each * 

@ £18.00 f* 
I wish to subscribe, starting with no 

I enclose cheque /money order for £ 
*Tick as required /Cheques to be made payable to IPC Business Press 
Ltd. 

Name 

Address 

Company registered in England. Registerea address, Dorset House 
Stamford Street, SEl 9LU, England. Registered Number 677128 

1i 
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TYPE TAD TYPE SA TYPE SR TYPE SU TYPE SE SASSE 
ALPS INSTRUMENT CO. PANEL METERS are available in production quantities at extremely competitive prices. The meters are of high quality and attractive appearance. 

FOR YOUR NEW INSTRUMENTS SPECIFY ALPS METERS, PROTOTYPES AT SHORT NOTICE 
Our range includes 240' in instruments and TRUE VU METERS, Personalised Scales and Special movements manufactured to customers' requirements For one off prices see the May WW. 

High quality 
competitively 
priced Knobs 
in production 
quantities only. 
Min. order 
1000 Pcs of 
any one of 
266 types' 

NDI MOTORS 
We can now offer a range of 
Mini and Micro Motors with 
or without gear heads for 
AC and DC operation. 

MOTORISED ZOOM 
LENSES-FOR TV & CCN 

USE 

DC pulse driven Turntable 
Units of especially high 
performance. 

ENVIRONMENTAL 
TEST EQUIPMENT 
A Standard Range offering 
the following facilities: 
High temperatures to 500° C 
Low temperatures to -75° C 
Humidity Cycling 
Thermal Shock 
Vibration 
Pressure Cycling 
Sand and Dust exposure 
Corrosive Gas exposure 
Explosion Test 
UNIVERSAL AVOMETERS. Ranges DC Volts 2.5, 10. 50. 100, 1000 
(10Kí) /vi. DC current 1mA, 2.5mA. 10mA. 50mA. t00mA. 500mA. IA 
AC Volts. 10, 100. 1000 (I K11/v). Resistance. 100KÚ ¡mid scab 1K). 1M 
(mes 10K), 10M Imes 100K Fitted as usual with AVO reverse movement 
button end cutout. E29 50 Inc P &P & VAT) (Good condition with test 
certificate all normal ranges). 

METAL OXIDE RESISTORS. TR4 or MR4 toi as evadable E3.70 per 100 
TR5 or MR5 toi as available £2.50 per 100 Most standard vols m stock 
TR6 & TR8 also in stock 

COWL GILL MOTORS. Used but good condition E19. 50 ea (inc P &P & 
VATI 

DESSYN SYSTEMS. 24v Transmitters and receivers in aircraft type 
instruments in stock E6 50 per pair Inc P &P & VAT). 

SPECIALIST STOCKISTS OF SYNCHROS, TEST EQUIPMENT, METERS AND CONNECTORS 

erne and eieeIrenie al/es 
E >r.nir..i -áS3 

24 HIGH ST., LYDD, KENT TN29 9AJ. Tel. Lydd 20252 (STD 0679) VAT No. 
201 -1296 -23. TELEX 965265 

LEMANIA AIRCREW 
CHRONOGRAPHS 

Stainless steel case with screw back. luminous 
hands and markings One-fifth sec sweep hand 
by press to start stop and return to zero button, 
15 -lewel movement. Many of these watches are 
as new but all have been completely overhauled 
and checked for accuracy Fitted strap White face 
E15.50_ Black face E19.75 me. P &P 

GS WATCHES 
All with brushed stainless steel mse with screw 
back and black faces. Manufactured by TIMOR. 
ETERNA, LEMANIA. VERTEX RECORD. CYMA. 
etc . to a standard specification. Completely 
overhauled. Fined strap E9.05 Inc. P&P) We 
also have limited quantities of these watches by 
BUREN. HAMILTON and IWC et E15.30 inc 
P &P SMITHS GS watch with sweep second hand 
E9.25 inc P &P & VAT All watches available 
for inspection against tmittane.. 

LEMANIA STOPWATCHES 
Fitted with one red and one black sweep hands independently controlled 
enabling elapsed periods forming part of the main period to be measured 
separately without stopping the measurement of the main time period. Many 
as new Cleaned and checked. E15 Inca P &P & VAT 

1/10 SEC. STOPWATCHES. Overhauled E5.50. 1/100 SEC. 
STOPWATCHES. 0.6 sec (5.50 (Inc P &P & VATI 

OVER 300,000 RF AND MULTIWAY 
CONNECTORS IN STOCK 

REED SWITCH INSERTS 
Overall length 1 85m IlBodn length I 1 in I Diameter 0 t 4in to switch up to 
500mA or 250VDC Gold clad contacts 74p per doz. E4.15 per 100 E29.65 
per 1.000 All carriage paid U. K 

Operating Coils for 12v supply to accept up to four standard reeds E2.50 
per doz E12.90 per 100. All carriage paid U K. 
Heavy duty type. (Body length tin) Diameter O 22w to switch up to IA at 
up to 250vAC. Gold clad contacts E1.45 per doe E5.95 per 100 
£52.00 per 1000. Clhe geowr Heavy Duty type E2.50 per doe. All 
carriage paid U K 

Magnets for HD reeds £1.50 per doz A few coils available for HD reeds 

RE- EQUIPPING? 
When replacing your obsolete or BER 
multimeters, whether for 

RESEARCH LABORATORY 

UNIVERSITY 

SCHOOL OR COLLEGE 

SERVICE FACILITY 

HOSPITAL OR 

HAM SHACK 

YX -360TR 
Comparable with high grade meters in perfor- 
mance Universally accepted as a most versatile 
standard tester and used extensively by electrical 
and radio engineers Accurately checks transistor 
circuits on the low DC voltage ranges for their 
high internal resistance. 
Apart from its function as e wide range circuit 
tester, the SANWA model YX -3501R also serves 
as a simplified semi -conductor checker Provided 
with LI and LV scales. the meter tests the 
Characteristics of practically all types by 
mmroonductors diodes, thermistors, etc. 

Measurement rengr .e iIabl.: 
DCV 100mV. 0 5, 2 5. 1C 50 250. 1KV 12010V ii /V). (25KV with HV 
Probe) 
ACV 10. 50. 250. 1 KV (8K 0/V) 
DCA 50 dA, 2 5mA. 25mÁ 0.25A (250mV 100mV for 50 i.e.). 
tf Range st, x10, z1 K. x10K. Maximum 2K. 20K72.M, 20M. Mid -scale 20, 
200. 20K, 200K. 
de . -10- +22 (for 10V AC 
hFE 0- 1000 
[CEO 0- 150.íA (.1 KO) O - 15mA Ix100) 0 - 15OmA (x101 

- 

Accuracy: 
3% f s. d. for DC ranges. 4% i sad for AC ranges. ' 3% of scale length 

for t) ranges ' 3% of scale length for hFE 5% of scale length for ICED. 
Meter E15.07. Meter with case £24.35 
Sie. and weight 100 x 1 50 57mm and 420g 

FOLLOW THE COURSE MANY THOUSANDS IN BRITAIN HAVE ALREADY TAKEN AND ORDER 

SUPER DUALITY sarua MULTITESTERS 

FROM QUALITY ELECTRONICS LTD. 

Full catalogue and prices on request 

N-401 
The N-401 MULTITESTER has two outstanding 
advantages Firstly. a taut -band meter movement 
of 5..A is introduced. In sensmvity it is close to 
that of a galvanometer Secondly an original 
automatic cutout device provides exceptional 
protection against overload 

SPECIFICATIONS: 
Ranges Available 
DCV l I 01604 1 6481640160400800 
1 6kV Input impedance 200k):V for 40V & 
below. 16MQ for 160V. 4OMU for 1 6kV. 20M0 
for 400V & BOOV 
DCA I' 1 

8..A 40..A 400..A. 1 6mA 4mA 16mA 
40mA 160mA 1 6A 16A Voltage drop 400mV 
1500mV for 1 GOmA) 
ACV 4V 8V 16V 40V 160V 400V 1 6kV Input 
impedance SkUrV for 16V & above at 50Hz 
ACA 1 6A 16A Voltage drop 400mV 
rl Range al x10 x100 OS ,10k Maximum MO 
50k0 500k0 5 50m0 
Aoeunry: Within 2% f. sad for DC ranges 
Within 311. f.sad for AC ranges 
Within 2'.. of scale length for it ranges 
Frequency wren Within - 1 d8 - 50Hz- 250kHz 
(4V & 8V AC) 5OHz -5kHz (other ranges). 
Sis snit Weight 252 x 191 s 107,1m & 1.95 Kg. 
Meter £42.97. (C). 

SP -10D 
A small pocket instrument of robust construction 
with meter 

e 

protechon. rugged 
shockproof plastic rear case. low ohms range 
minimum 0 2t). 200 midscaie 

SPECIFICATIONS: 
Measurement rangea: 
DCV 0 25. 10, 50, 250. 500, 1000140/V) 
DCmA 0 25 25, 500(250mV drop) 
ACV 10, 50. 250. 500, 1000 (4k0 'VI 
:) Range - et. x10. x /kit 

Midscale .- 20. 200, 10k 
Maxmum -- 500. 5k, 1M 
Battery - 1 5Vx 1 

dB --20- +22 +20- +36 
M:) 0.1 -50 -1 Using external 
.F 0 0001- 0 02 0 01 -0 3 r power 

K.30. THD 
The Model 5.30 THO has thermal Scales 
provided which directly read temperature. Along 
with a thermometer probe attached, the meter 
checks temperature of from -50 C up to 200'C 
t The midget bead thermrstor is used as its 

thermal element accelerates temperatures 
response, and Irme lag is minimized compared 
with conventional thermometers 

2 By simply replacing the probe with usual test 
leads. the meter performs as a circuit tester. 

3 As a circuit tester. the 18- position rotary 
system range selector switch and individual 
tadles cover practically all measurement 
requirements 

4 The collapsible stand angles the meter to 
facilitate use of the meter 

T.cMkel Deb 
DC vairs 0 25-1000V in 6 ranges (10k 0/V) 
AC Vohs 10- 100V in 5 ranges (5h O /V) 
DC milliamperes 0.25 -25Oma in 4 ranges. 
DC ohms Rot- R x 1000 it 4 ranges (mat 2 c) & max t Omg íìl. 
Decibels -20- +62 db. 
Temperature -50 C -tOO'C & Le 200'C -50 -200'F S 30 -400'F 
Accuracy: DC ' 3% AC +4% 
Size: 144 e 96 45mm Weight 590g 
Meter E25.1 7. Meter available with case E31.48. 

HIGH VOLTAGE PROBE AVAILABLE 

Sanwa 
electronic test instruments 

Accuracy: 

Within - 2 5'r',. fs lore DCV & DCmA 
Within 3 5% Is for ACV & dB 
Within 3'/i, of arc for i) 
Size and W.IgM 140H x 95W z 44D mm 310g 
Meter E15.15 (A) 
Meer with case E21.87 

e re manufactured by one of the oldest and most respected compendia in 

J epen and supplied in the United Kingrbm and Eire by 

Quality Electronics Ltd. 

FULL SERVICING AND SPARES SERVICE 
NOW IN OPERATION AT LYDD. KENT 

Published prices include P &P & VAT 

QUANTITY DISCOUNTS AVAILABLE TO TRADE. PROFESSIONAL 

AND OEM USERS' For details contact Ann Reynolds 

QUALITY ELECTRONICS LTD. 
Established 1956 

24 High Street, Lydd, Kent TN29 9AJ. Tel. Lydd (0679) 20252 

(opposite the Guildhall) Telex. 965265 (A /B Servolydd) 
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TTLs by TEXAS 

7400 13p 7485 120p 
74H00 20p 7486 30p 
7401 14p 7489 270p 
.7402 14p 7490 40p 
7403 16p 7491 76p 
7404 16p 7492 45p 
74H04 22p 7493 40p 
7405 16p 7494 75p 
7406 38p 7495 65p 
7407 36p 7496 78p 
7408 16p 7497 270p 
7409 20p 74100 108p 
7410 13p 74104 45p 
74H10 20p 74105 45p 
7411 22p 74107 30p 
7412 23p 74110 40p 
7413 32p 74118 84p 
7414 60p 74121 30p 
7416 33p 74122 46p 
7417 30p 74123 68p 
7420 14p 74126 70p 
7421 40p 74132 70p 
7422 18p 74136 75p 
7423 34p 74141 65p 
7425 30p 74145 70p 
7427 37p 74148 160p 
7428 36p 74150 125p 
7430 14p 74151 72p 
7432 25p 74153 85p 
7437 25p 74154 150p 
7438 27p 74155 76p 
7440 14p 74156 78p 
7441 65p 74160 99p 
7442 60p 74161 99p 
7443 140p 74162 99p 
7444 140p 74163 99p 
7445 90p 74164 120p 
7446 Sop 74166 126p 
7447 75p 74174 120p 
7448 70p 74175 85p 
7450 15p 74176 120p 
7451 16p 74177 100p 
7453 16p 74180 100p 
7454 16p 74181 298p 
7460 15p 74182 82p 
7470 27p 74185 135p 
7472 25p 74190 144p 
7473 30p 74191 144p 
7474 30p 74192 120p 
7475 45p 74193 120p 
7476 30p 74194 108p 
7480 50p 74195 75p 
7481 95p 74196 100p 
7482 70p 74197 100p 
7483 74198 198p 
7484 95p 74199 180p 

MEMORIES 
26028 1024 bi RAM 
2513(UC) Character Generator 
2513(LC) Character Generator 

C-MOS LCs 
CD4000AE 16p 
CD4001AE 16p 
CD4002AE 16p 
CD4006AE 104p 
CD4007AE 16p 
CD4009AE 67p 
CD4011AE 16p 
CD4012AE 16p 
CD4013AE 55p 
CD4015AE 90p 
CD4016AE 50p 
CD4017AE 120p 
CD4018AE 175p 
CD4019AE 52p 
CD4020AE 250p 
CD4022AE 170p 
CD4023AE 19p 
CD4024AE 120p 
CD4025AE 19p 
CD4026AE 196p 
CD4027AE 75p 
CD4028AE 140p 
CD4029AE 175p 
CD4030AE 55p 
CD4042AE 137p 
CD4043AE 202p 
CD4046AE 140p 
CD4047AE 154p 
C04049AE 63p 
CD4050AE 52p 
CD4054AE 196p 
CD4055AE 196p 
C04056AE 135p 
CD4060AE 229p 
CD4089AE 37p 
CD4071AE 27p 
CD4072AE 27p 
CD4081AE 19p 
CD4082AE 27p 
CD4510AE 130p 
C04511AE 200p 
CD4516AE 112o 
CD4518AE 100p 
CD45284E 120p 

TEXAS 75 
SERIES 

75107 160p 
75450 120p 
75451 72p 
75452 72p 
75453 72p 
75454 72p 

TEXAS DTLs 
930 36p 
936 40p 
946 40p 
955 6op 
962 36p 
963 40o 

LOW PROFILE DIL SOCKETS 

8 pin 13p, 14 pin 14p, 16 pi 
40 pin 75p, 28 pin 60p 

£2.50 
E8.50 
E8.50 

BY TEXAU - 
n 15p, 24 pin SOp. 

OP. AMPS 
11458 Dual Op Amp Int Comp 8 pin DIL 

301A Err. Comp 8 pin OIL 

' 3130 COSMOS/EH-Polar MosFet 8 pin DIL 
13900 Quad. Op. Amp. 14 pm DIL 

5367 FET Op. Amp TO -99 
709 Est Come 8/14 pin OIL 

741 Int Comp. 8/14 pin DIL 
747 Dual 741 14 pin DIL 
748 Eat Comp 8/14 pm OIL 
776 Programmable Op Amp TO -5 

70p 
36p 

100p 
70p 

275p 
30p 
22p 
70p 
36p 

140p 

UNEAR I.C.s 
*CA3028A Dift Casrade Amp. 
ICA3046 5 Transistor Array 
*CA3048 Quad Low Noise Amp. 

D115 Cascade Amp 
FM IF System 
FM Stereo Multi Dec 
VCO Fun. Gen 
VCO Fun Gen 
2W Audio Amp 
Stereo Preamp 
Rhythm Generator 
FM Stereo Dec 
Lim /Det Aud Preamp 
Multiplier 
Bal Mod /Demod 
1/4W Audio Amp 
Electronic Attenuator 
Audio Pwr driver 
Timer 
Dual 555 
PLL with AM Demod 
PLL with VCO 
PLL 
PLL Fun Gen 
PLL Tone Dec 
Dual 567 
DM Comparator 
Video Amp 
Pwr Aud Amp with int HS 
Pwr Aud Amp with all HS 
Pwr Aud Amp with nit HS 
Pwr Aud Amp with inl HS 
Aud Amp for TV 
FM IF Amp -Limiter /Dot 
Audio Amp 
5W Audio Amp 
7W Audio Amp 
2W Audio Amp 
20W Audio Amp 
Prop Timer 'Counter 
TRF Radio Receiver 

*CA3089E 
CA3090A0 
ICL8068BC 
ICL8038CC 

*LM380 
*LM381 
*M2S2 
*MCI 310P 
*MC1351P 

MC1495 
*MC1496L 
*MFC4000B 

MFC6040 
NE540L 
NE555 
5E556 
NE561 
NE562 
NE565 
NE566 
5E567 
2567 
SN72710 

*5572733 
*SN760035 
*S5760135 
*SN76023N 
,1SN76033N 
*TAA621A 
*TAA6618 
TSA641B 
*TBA800 
*TBABtO 
*TBA820 
*TDA2020 

XR2240 / 
*ZN414 

705 
14 pin DIL 
16 pm DIL 
105 
16 pm DIL 
16 pm DIL 
14 pin DIL 
14 pin DIL 
14 pm DIL 
14 pin DIL 
16 pin OIL 
14 pm DIL 
14 pin DIL 
14 pin OIL 
14 pm DIL 
PCB 
PCB 
1099 

8 pin DIL 
14 pin DIL 
16 pm OIL 
16 pin DIL 
14 pm DIL 

8 pin DIL 
8 pin DIL 

16 pin OIL 
14 pin DIL 
14 pm DIL 

QIL 
OIL 
OIL 
OIL 
OIL 
OIL 
QIL 
16 pin DIL 
10.18 

Basic data sheets on above at 10p each +S.A.E. 

OPTO- ELECTRONICS 
Phototransistors 
OCP70 30p 
OCP71 120p 
2N5777 40p 
LEDS 0.2" 
TIL209 Red 14p Red 
TIL211 Green 30p Green 
TIL32 Infrared 75p Yellow 

95p 
60p 

200p 
62p 

200p 
400p 
550p 
340p 

95p 
160p 
BOOp 
175p 

97p 
300p 
í00p 

70p 
140p 
140p 
40p 

100p 
325p 
325p 
200p 
150p 
200p 
370p 

50p 
120p 
245p 
140p 
140p 
245p 
225p 
120p 
250p 

90p 
100p 

80p 
325p 
370p 
110p 

L.D.Rs. 
ORP12 
ORP60 
ORP61 

60p 
75p 
75p 

16p 
28p 
30p 

SEVEN SEGMENT DISPLAYS 
3015E Mlnitron 0 3 In 

DL704 Corn Cathode 0.3 in 
DL707 Cor. Anode 0.3 in 
DL747 Cor. Anode 0.6 in. 

160p 
140p 
140p 
225p 

OPTOISOLATORS ' 

Phototransistor. TIL 112 (IL 12) 
Phòtodarlington. ILCA -55 

6 pin DIL 140p 
6 pin DIL 250p 

VOLTAGE REGULATORS - FIXED - PLASTIC 
1 Amp Positive 

5V 7805 140p 
12V 7812 140p 
15V 7815 140p 
18V 7818 140p 
24V 7824 140p 
L11A309K 1 Amp 5V T03 

1 Amp Negative 
5V 7905 

12V 7912 
15V 7915 
18V 7918 
24V 7924 

200p 
200p 
200p 

20200p 0p 
140p 

IIIUAL VOLTAGE REGULATOR 
1468 1 15V 100mA 16 pin DIL 300p. 
(Adjustable by resistors from ± 8V min. to ± 20V 
max.) 

VARIABLE VOLTAGE REGULATOR 
723 2V to 37V 150mA 14 pin DIL 45p 
LM305H 4.5V to 30V 20mA T05 120p 
Basic Data Sheets on Vol. Regs. at 1 Op each + SAE. 

DRIVERS 
75491 Quad. Segment Driver 14 pin DIL 78p 
75492 Hen Digit Driver 14 pin DL 90p 

SCR - THYRISTORS 6IÁ /70ov Stud 14op 
C106D 

T05 40p 4A /400V 
T05 42p *MCR101 
T05 45p 0.5A/15V 
TO5 70p 2N3525 
Stud 49p 5A /400V 
Stud 75p 254444 
T05 +HS 84p 8A /600V 
T05 +HS 90p *2N5060 
Plastic 130p 0.8A /30V 
Plastic 160p *2N5062 
Plastic 160p 0.8A/ 100V TO -92 
Plastic 180p *2N5064 
Plastic 220p 0.8A/ 200V.T0 -92 

1A 50V 
1A100V 
1A400V 
1A600V 
3A100V 
3A400V 
7A100V 
7A400V 
8A 50V 

12A400V 
16A100V 
16A400V 
16A600V 

Plastic 59p 

TO -92 25p 

TO-66 95p 

Plastic 185p 

TO-92 34p 

37p 

40p. 

AC125 
AC126 
AC127 
ACI 28 
AC141 
AC142 
AC176 
AC187 
AC187K 
ACI 88 
AC188K 
AD149 
AD 161 
AD162 
AF114 
AF115 
AF116 
AF117 
AF139 
AF239 
BC107 
BC108 
BC109 
BC 109C 

BC117 
*BC147 
*BC148 
*BC149C 
*BC157 
BC158 
*8C159 
*BC169C 

BC177 
BC178 
8C179 

*8C182 
*BCt83 
BC184 

BC187 
9C212 
*BC2t3 
*8C2 t 4 

8C478 
BCY70 
BCY71 
80124 
80131 
80132 

*BD135 
*08136 
*80139 
*130140 

BF115 
BF167 
BF170 
BF173 
BF177 
BF178 
8F179 
BF180 
BF184 

*BF194 
9F195 
*BF196 
*BF197 

10200 
BF257 
BF258 

8FR39 
*BFR40 
*BFR 79 
*8FR80 
BFR88 

BFX30 
8FX84 
BFX85 
BFX86 
BFX87 
BFX88 
BFY50 
BFY51 
8FY52 

16p 
14p 
14p 
12p 
lap 
lap 
11p 
15p 
25p 
14p 
25p 
49p 
36p 
36p 
18p 
18p 
top 
18p 
93p 
48p 

9p 
9p 

10p 
12p 
22p 

7p 
7p 
Bp 

11p 
10p 
tlp 
12p 
tap 
17p 
18p 
10p 
10p 
11p 
30p 
tip 
lop 
14p 
30p 
18p 
22p 
90p 
36p 
40p 
43p 
43p 
63p 
70p 
22p 
23p 
23p 
25p 
26p 
28p 
33p 
33p 
22p 
top 

9p 
14p 
15p 
32p 
32p 
36p 
3 
30p 
30p 
30p 
30p 
30p 
Sop 
30p 

30p 
30p 
lep 
1sp 
16p 

TRANSI 

*BU105 
BU 108 

r1MJE340 
MJ2955 
MJE2955 
MJE3055 

MPS6534 
*MPSA06 
*/JPSA12 
*MPSA56 
*MPSUO6 
*h1P$U56 

OC2B 
0C35 
OC36 

*OC71 
*TIP29A 
*TIP29C 
TIP30A 

*TIP30C 
TIP31 A 
TIP31C 
TIP32A 
TIP32C 
TIP33A 
TIP33C 
TIP34A 
TIP34C 
TIP35A 
TIP35C 
TIP36A 
TIP36C 
TIP41A 
TIP41 B 

TIP41C 
TIP42A 
T1P428 
TIP42C 
TIP2955 

71593 
2TX108 

*2TX300 
*ZTX500 
*2rxso2 

214457A 
214697 
274698 
214706 
25708 
25918 
214930 
2/41131 
257132 
251304 
251305 
251306 
251307 
251308 
251309 
2141613 
2141711 
2141893 
2142219 
252222 
252369 
252484 
2142904 
2142905 
252906 

*2N2926R 
*2529268 
. 2529260 
252926Y 

*2529260 
2143053 
253054 
253055 
BRV39 
BSX19 

_85X20 
253439 
2143442 

140p 
2 

4Sp 
100p 

22p 
30p 
Sop 
32p 
62p 
78p 
70p 

lop 
20p 
40p 
55p 
48p 
60p 
52p 
52p 
58p 

/10 
115p 
160p 
225p 

2770p 
340p 

70p 
70p 

76p 
82p 
70p 

10p 
13p 
15p 
18p 

190p 
18p 

18p 
lop 

18p 
18p 
36p 
36p 
40p 
40p 
4op 
40p 

25p 
30p 

20p 
14p 

22p 
22p 
24p 

7p 
7p 
Sp 
9p 
9p 

18p 
50p 
50p 
40p 
213p 
20p, 
67p 

140p 

STORS 

0253702 12p 
@53703 12p 
*2143704 12p 
*253705 12p 
*253706 lip 
*253707 12p 
*253708 12P 
*253709 12p 
2143773 340p 
2143866 90p 

*253903 18p 
*253904 lap 
*253905 18p 
*2143906 16p 
*254058 15p 
*254059 10p 
*2144060 13p 
*254123 22p 
.2144124 22p 
*2144125 22p 
*2144126 22p 
0754289 20p 
254347 130p 
254348 160p 

*254401 27p 
*2144403 27p 
*255089 27p 

255296 Bop 
*255401 Sop 

256107 lop 
2146247 190p 

(Comp to 253055 
40360 40p 
40361 43p 
40362 45p 
40364 120p 
40409 Shp 
40410 
40411 226p 
40594 Slp 
40595 Sip 

FET, 

*BF244 
*MPF 102 
MPF103 
MAPF104 
*MPF 105 

253819 
*253820 

2143823 
*2145457 
*2145458 
*2145459 

MOSFETs 

35128 
35140 
35141 
35187 
314202 
40603 
40673 

WTa 

*TIS43 
2142160 
252646 

*254871 

PUJT 

25p 
34p 
34p 
34p 
34p 
22p 
63p 
67p 
34p 
34p 

85p 
85p 
85p 

180p 
120p 
58p 
58p 

34p 
95p 

34p 

*7116027 48p 

DIODES 
SIONAL 
0A47 7p 
0A70 9p 
0A8 15p 
0A85 15p 
0A90 7p 
OW 7p 
0A95 7p 
041200 8p 
0A202 lOp 
114914 4p 
15916 9p 
1144148 4p 

RECTIFIER 
*87100 25p 
*BY126 12p 
*87127 15p 

1144001 5p 
154002 5p 
1144004 6p 
1144005 6p 
1144007 7p 

2ENER 
2 7V to 33V 
400mW 9p 
*1W lip 

TUNNEL 
AEY11 70p 

VARICAP 
*88105 26p 

NOISE 
*25J 110p 

BRIDGE 
RECTIFIERS 

2511100V 20p lA 50V 20p lA 100V 22p tA 200V 24p 
*1A400V 25p 
1A 600V 30p 
*25 50V 3Op 
*25 100V 35p 
*2A 200V 40p 
*2A4000 45p 
4o 100v 130p 

GA 50V 65p 
6A 100V 72p 

64 200V 78p 
6A 400V 84p 

TRIACS 
Amp Van 

3 400 12Op 
6 400 150p 
6 500 180p 

10 400 185p 
IO 500 195p 
15 400 210p 
15 500 250p 
40430 99p 
40486 99p 
40669 911p 
DIAC 
BR100 30p 

TELETEXT DECODER 

Complete Semiconductor kit for the above "WW' 
Project available (includes all I.C.s, Ts, etc for U.C., L.0 
and P.S. unit). 

£61.00 inc'V.A.T. and P &P 

Please send S.A.E. for details. 

VAT RATES: All items at 8% EXCEPT where marked ' 
which are at 121/2 %. 

Nulty mended devices by Texas, RCA 
Motorola, National, Mullord, etc. 

Minimum Order I .' 

MP 20p 
Please add VAT to total 

Mail Order Only TECHNOMATIC LTD. 
Govt., Colleges, etc., orders accepted. 54 SANDHURST ROAD. LONDON, NW9 

Tel. 01 -104 4333 

WI /7Sons RELAYS 
POST OFFICE TYPE 3000 AND 600 BUILT TO YOUR 
OWN SPECIFICATIONS AND REQUIREMENTS. THE 
BEST KNOWN OF ALL RELAYS WITH A LARGE 
VARIETY OF CONTACT ARRANGEMENTS. KNOWN 
THROUGHOUT THE WORLD. COMPLETE BANKS OF 
CONTACTS MADE TO ORDER AND COMPONENT 
PARTS SUPPLIED. HIGHEST QUALITY AT COMPETI- 
TIVE PRICES WITH A QUICK DELIVERY SERVICE. 
QUOTATIONS ST RETURN HOME AND OVERSEAS. 
WI ME SPECIALISTS IN EXPORT ORDERS. 

JACK - IN AND STRIP MOUNTINGS to house BPO type 3000 Relays and associated components 
used in IWO 2000 and 4000 type telephone eochengeaquipments and industrial control systems. The 
mountings are drilled to accept BPO type 3000 Relays or any other type of equipment using limner 
drawings. supplied complete with test jecks. prices on request. 
Single and Double pole High Speed Relays available. venous resistances. Uniseleetors. Line 
Transformers Multi -point plugs. P 0 type Bobbin resistors and complete Relay Selector Units sled 
evadable at competitive prices 
HIGH SEED COUNTERS E1.711 sash 
31/51 x lin 10 counts per second with 4 figures The following D C 
voltages are svulable 8 v . 12 v . 24 v . 50 v . or 110 v Auxiliary contacts, 

really open. 405, extra Five Digit Counters BPO type 150A 500 ohm. 35m8 operating current (3 
each 
BRIDGE MEOOERS 1.000 volts range 0 -100 megohms.,nlimry with resistance boo E55 each 
TUNING FORKS 125 He for 45' 50 band teleprinter speeds L2.50 each 
MINIATURE DIGITAL INDICATOR 1s inch digits. illuminated by 28 volt 
midget flanged lamps. weight 3 ors reading 0 to 9 with dehimal points E2.50 each 

L. WILKINSON (CROYDON) LTD., LONOLEY HOUSE 
LONOLEY ROAD. CROYDON. CRO 3LH Phony 01.654 0238 - Gram.: WILCO CROYDON 

All prices shown are carriage paid U K only but subject to VAT at the standard rate 

WW -088 FOR FURTHER DETAILS 

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

Quick disconnect microphone connectors 
Amphenol (Tuchel) miniature connectors with 
coupling nut. 

Hirschmann Banana plugs and test probes 
XLR compatible in -line attenuators and 
reversers. 

Low cost slider faders by Ruf. 

Future Film Developments Ltd. 
90 Wardour Street 
London W1V 3LE 
01 -437 1892/3 

WW - 028 FOR FURTHER DETAILS 
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(Dept. WW4), SIM MON DS ROAD A WINCHEAP, CANTERBURY, KENT MID 
M Tel:(0227) 52436 

CASED TRANSFORMERS TRANSFORMERS -Housed in smart -résin coirad stiBrases 
wort 3 core power cable and outlet socket 
fused primary winding. isolation types are 
f eed with 3.pin outlet sockets and are 
vlea ele wnh 

Auto. 
volt 

types 
240 volt output 

(Please ttsty) Ack IYp 
to 

ar0 VA with 
2 -pm Oat style sockets up to 500 VA. 3.pm 
sockets from 750 to 3000 VA See Auto 
and isolation sections for prices Plugs 

.s 

extra. 

30 VOLTS See catalogue for 

PRIMARY 200ß404 full range 

SECONDARY 12. IS 20, 24, 30Y 
AMPS Rd, RE ppq' 

Ile E E 

05 52 2.17 061 

50 VOLTS lti 
catalogue for 

PRIMARY 2Q0ß400 ran 

SECONDARY 19. 25. 33. 40. 300 

Pet 
Pod 

M. FIR MPS 
I 103 3.67 076' 
2 104 5.57 005 

SAFETY ISOLATING seecatalogve to, mu range 

Prim 120/240V. Sec. 120/240V. Centre Tap with screen 
PRICE 
Plus 

PRICE 2 Ping 1 PRICE 
VA REF Cased Earth Open Post 

MIATTS) No L L 1 1 

60 149 9.46 0 98 5.02 - 
0 72 

200 151 12 87 0 98 9.07 0.97 
250 151 14 47 0 98 10 81 1 18 60 VOLTS See catalogue 

IO, 
lull range 

MIMMI 200/240V 
24.30.40. u. Ica 

Rel. Mu PW 
AMPS No E E 

05 124 - 2.72 0.72 

1 

126 

2 127 5.63 O85 

AUTO TRANSFORMERS see 4404'4114 4404'4114 for 
full range 

PRICE 
VA Rel PRICE Plugs PRICE 

1Wen5l No. Cased 2 E 3 pin Open Post 

1500 93- 124 37 0.95 20 13 OA 

SEwNQMr 

MINIATURE & EQUIPMENT se. cataloguefor 
Primary 240V with Screen lull range 

WILTS MEUAMPS Kr PRIG Pod 

Sec I Mc. 2 Set. I Sec 2 Ne E E 

3 -03 - 200 - 238 1.75 0.34 

0-0 041 500 500 234 1.75 034 
0.6 0-6 1000 IMO 212 2.33 0.46 

90 -9 - 100 - 13 1.75 0.34 

09 09 330 330 235 1.75 0.31 

100 
200 
600P 

BRIDGE RECTIFIERS 
ONE AMP Price FOUR AMP Price 

50 P.1 V. 0.25 100 P.I.V. 0.60 
P I.V. 0.30 200 P.I.V. 055 
P.I.V. 0.35 400 P.I.V. Oae 

I.V. 0.40 600 P.I.V. 1.10 

TWO AMP Price SIX AMP Pats 
50 PTV. 0.40 50 P.M 0.70 

100 P.I.V. 0.45 100 P.I.V. (175 
200P1.V. 0.50 200P.IV. ON 
400 P.I.V. 0.55 400PJ.V_ 095 

12 and 24 VOLTS PRIMARY See catalogue for 
200 -240 Volte full range 

AMPS REF MICE Peel 

IVY 24f Na. E I 
0.3 0 1 242 156 0.34 

0.5 0.25 111 1.60 0.46 

I 

2 

05 
221 2 64 2.64 Oci 

4 2 18 3.17' 062 
5 3 70 4,06 472 
8 4 5.65 Q85 

' - -- ..AY25k VAT xrfces - . 

SPECIAL OFFER/ 
2 KVA ISOLATORS 

fullyimpregneted& screened 

2 primary windings 110V ejch 
2secondary windings 115V each 

(2 matching transformers) 

£29.50 plus carr.& VAT. 

- 

* PLEASE ADO 8% VAT ON ALL 
TRANSFORMERS 6 METERS 

Zee AND 4" See aaloguefor 

full 
range 

PANEL METERS 
,s, SIZE 60mm WIae x 45mm Nip A" SIZE I Ioae VMe X Me Nat 

x 40ern Deep. x 431ee Deep. 

NII Mars are caeplele with deleciars Modern wide vises 25's VAT. Price. 
r' U30 
Pool 100 Pece 4" 54 10 Peel IOp. Lamps 60p per tel Plus R', VAT 

NEW CATALOGUE 25p - 

tr 
113 

Remarkable Value! 
WW 

TELETEXT 
DECODER 

Our kit contains a I the printed circuit boards and components necessary o 

build the complete decoder. The power supply and video switching circuit y 

are normally installed within the television cabinet and the main decoding 
control and memory circuitry in a separate cabinet positioned on top of the 
television. PRICES ARE AS FOLLOWS 
Set of 5 PCBs (incl. PSu & Video Switching) £16.00 +VAT = £18.00 
Component Kit (incl. PCBs) £96.02 +VAT = £104.10 
Add-on Unit for Lower Case: PCB only £2.00 +VAT = £2.25 
Component Kit (incl. PCB) £12.65 +VAT = £13.75 
Cabinet £12.00 +VAT = £13.50 
READY BUILT AND TESTED £148.00 +VAT = £162.55 

for Lower Case add £15.00 +VAT = £16.40 
Post & Packing PCBs are post free but add (7 for component kit and 50p for cabinet 
COMPONENTS ALSO AVAILABLE SEPARATELY e.g. 2513, £8.50; 2602 -B, 

£2.50; + B% + 20p P & P - SAE for full price list 

VHF DIGITAL 
FREQUENCY METER 

New 200MHz, 7 digit, O.F.M. 
for direct readings up to the 
mobile radio VHF 'High Band'. 
Will operate on mains or 1 2V 

1 supply, making it ideal for use 
with mobile equipment. 
Price only £121 + £1 carriage + 
VAT (currently 8 %). 

Write for illustrated leaflet 
CATRONICS LTD. (Dept. 627) 

atronics 39 Pound Street, 
Carshalton, Surrey 
Tel: 01 -669 6700 

WW-627 FOR FURTHER DETAILS 

E LECT R OT I M E 
SPECIALISTS IN ELECTRONIC TIMEKEEPING 

LCD MODEL TLC4 

CONTINUOUS 
READOUT 
UTILISING 

LED MODEL TLE5 

_- 

FEATURES. 
HOURS 

it MINUTES 
* SECONDS ' 

* DAY Of WEEK 

_ 

£29.50 "'r ,AT 
käd w , 

` 

GOLD OR 
RHODIUM PLATED 

ELECTRONIC DIGITAL ALARM CLOCK 
MODEL EC3 

----- m 

I 
-r 

!T 

e I C. ' _ 

\ * LARGE 4 DIGIT DISPLAY * 24 HOUR ALARM * AM /PM INDICATOR * BRIGHTNESS CONTROL * FLASHING SECONDS INDICATOR * ATTRACTIVE WHITE CASE. * 5 MINUTE REPEATING SNOOZE 
ALARM 

COMPLETE BUILT CLOCK PRICE £14 Inc VAT 

LIQUID CRYSTAL 
DISPLAY 

L- _.. -'. 
-. 

WITH BACKLIGHT 
FOR NIGHT 
READING A 

FEATURES- 
* HOURS 
* MINUTES 
* SECONDS ' 

* DATE 

-u ...R a 

RHODIUM £39.95 
GOLD £41 .50 nc VAI 

THE "MISTRAL" I DIGITAL CLOCK 

J trs - 

% 

i J 

LIN ' 

wa 

* PLEASANT GREEN DISPLAY * PULSATING COLON 
* 12/24 HOUR READOUT * PUSH BUTTON SETTING 
* FULLY ELECTRONIC * BUILDING TIME 1 HOUR 

COMPLETE KIT PRICE £11.07 ,n, VA'" 

BUILT CLOCK PRICE £14.95 

We are proud to announce the opening of our new showroom in which you 
will find one of the Largest Ranges of Digital Electronic Clocks and Watches 
available in the UK so why not call in and see us? 

ELECTROTIME, DEPT. 3/7, 11 SHEPLcY'S YARD 
CHESTERFIELD, DERBYSHIRE. TEL. (0246) 35804 

PLEASE SUPPLY 
I ENCLOSE CHEQUE /POSTAL ORDER 

NAME . 

ADDRESS 
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GIt's the cat's whiskeys! 

it 
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. 

£2.50 from bookshops or £2.80 inclusive direct from 
Wireless World, Room 11, General Sales Dept., 
IPC Business Press Ltd., Dorset House, 
Stamford Street, London SE1 9LU. 

29,30 June 
and t July 

1976 
Catalogues and Tickets for Seminars 

available from: 

University of Leeds Department of 
Electrical and Electronic Engineering 

STEREO IC DECODER 
HIGH PERFORMANCE PHASE LOCKED LOOP 

(as in 'W.W.' July '72) 

MOTOROLA MC1310P EX STOCK 
DELIVERY 
SPECIFICATION 

Separation 40dB 50Hz-15kHz Distortion. 0 3% 
I P lever. 560mV rms O!P level. 485mV rms per channel 
Input impedance 5okO Power requirements. 8 -14V at 16mA 

Will drive up to 75mA stereo 'on- lamp or LED 

KIT COMPRISES FIBREGLASS PCB 
(Roller tinned), Resistors, I C . Capacitors, ONLY MOR PAY 

MORE. 
Preset Potm & Comprehensive Instructions £3.98 post free 
LIGHT EMITTING DIODE RED 29p 
Suitable as stereo on indicator for above GREEN 59p 

MC1310P only £2.15 plus p.p. 10p 
NOTE 
As the supplier of the first MC1310P decoder kit of which we have sold literally 
thousands. our customers can benefit from our wide experience 

V.A.T. 
Please add V.A.T. to all prices 

FI -COMP ELECTRONICS 
PORTWOOD INDUSTRIAL ESTATE, CHURCH GRESLEY 

BURTON -ON- TRENT, STAFFS. DE11 9PT 

CARTRIDGE TAPE TRANSPORTS 

Currently used 

in our own B.G.M. 
50 Background 
Music System 

For further information write or telephone : 

FITCH TAPE MECHANISMS 
7a Balham Grove London SW12 01 -673 1362 

Overseas Agents required 

WW - 085 FOR FURTHER DETAILS 
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SERVICE TRADING CO 

I 

R E LAYS 
1 2 3 4 

52 4 --B 2 c/o 75 
58 5 --9 6 c/o sip 

185 8. -12 6 M 75p 
130 9 -18 2 c roH075p 
430 9. -24 2 c -o 76p 
430 15 -24 4 cro 75p' 
600 10 -20 6M tip' 

(1) Coil ohms; (2) Working 
Price HD =Heavy Duty. All 

SIEMENS PLESSEY. etc. 
MINIATURE RELAYS 

1 2 3 4 

700 12 -24 [ c o top 
700 .I6 -24 4 c o SSp' 

1250 18 --36 2 c 75p' 
2500 36 -45 6 M 75p' 
2500 31 --43 2 c /oHD 

75p 
15k 85 --1t0 6 M 75p 
5800 33. -72 2 c/o 76p' 
d.c. volts. 13) COnta is: (4) 
Post Paid. (eincludinp Sete) 

OPEN TYPE RELAYS 
6 VOLT D.C. 1 make con 45p. Post 15p 

9 VOLT D.C. RELAY 
3 c o 5 amp contacts 70 ohm coil 85p. Post 15p 

9/12 VOLT D.C. RELAY 
3 c o 5 amp contacts 120 ohm acatable as single hole fixing or P C 
fixing. suns type required 66p. Post 150 

24 VOLT D.C. 
2 HD c o 700 ohm cod 85p. Post 15p 

4 c o 300 ohm cal 95o. Post 15o 

100 VOLT AC i' 75p. 3 c'o 85p. Pn., 15i, 

ENCLOSED TYPE RELAYS 
6 VOLT DC 3 t o 85p. Post isp 
24V DC 3 r o 85p. Post 20p Base 15p 

24 VOLT A.C. M t g ITT 3 h d c o contacts 85p. 
Post 20p Base 15p extra 

55 VOLT A.C. 
3 heavy duly c o contacts Price 8Sp. Post 20p Base 1 sp 

230 VOLT A.C. RELAY 
240V A.C. heavy duty 3 c o contacts. 
Price 65p. Post 20p Octal base 15p extra 

220/240 VOLT AC RELAY 
3 c/o 5 amp cont Sealed M I g ISKRA £1.35. Post 20p 
Base 15p e.t.a 

ARROW 230/240V AC 2 c o 15 amp contacts 
Pr), , . . . . . .0 i . C110. Post 20p 

CLARE- ELLIOTType RP 7641 G8 
1.rn,nn,n rol.ry b /5 ohm coil 24 cOlt DC 2c o 80p P P 

MANY OTHERS FROM STOCK, PHONE FOR DETAILS 

LATCHING RELAY 
Twin latching relay llipllop 2c o each relay 
Mains contacts 115 volts A C or 50 volt D C 

'operation or 740 volts A C with 2 5K resistor 65p. 
Post 2Up 

PRECISION CENTRIGUGAL 
BLOWERS 
Mlg by Smiths Industries Miniature model Series 
SF .200 Sire 9501m e gFmen 82mm Aperture 
38mm x 31 mm 11 c t m £2.76. Post 50p 
Mfg by Airflow Developments Ltd 
Precision made continuously rated smooth ru niny 230 240v A C 

motor 80c t en As Illustrated but with round aperture 1.8.50. Post 75p 

Mfg by Woods 
Extremely powerful 220 250v A C 0 3 amp 2 700 r p m continuously 
rated Capacitor start Cast construction Aperture 66mm x 50mm 0 A 

200mm £12.00. Post I t 00 
Mfg by Parvalux Type SD388 220v A C 50 Hr o 55wnrp Continuously 
rated 2800rpm IlOclm Brand new Fraction of makers puce £10.00. 
Post t 1 00 

230 VOLT FAN ASSEMBLY 
Continuously rated removable aluminium 
blades Price £1.25. Post 50p. 

VAT 12'/2% 

C/O MICRO SWITCH 
VERY SPECIAL OFFER Mfg by C E M 3 amp 
250 volt 10 amp 125 volt 50 for E3. Post 36 
100 for ES. Post 50p 1 000 toe £45. Post pod 
DOUBLE POLE C. O or 2 make 2 break moto switch 10 amp 250 v A C 
With detachable toiler assembly 10 for 1.2.60. Post 50p Mn I, order 101 

MINIATURE ROLLER 
M switrt, OMRON type V 15 1l 

Min under 101 
£2.00 post 

230 -250 VOLT A.C. SOLENOID 
Similar in appearance to illustration 
Approsenately 1; lb pull Size ul feet 1 ó" 
1,1- Price £1.00. Post 25p 

SOLENOID HEAVY DUTY MODEL 
230 250v A C App. 101b pull. 4" long e 2 Ys" wide x 3" 
lntlh £2.50. Post 50p 

24 VOLT DC SOLENOIDS 
u NIT uni.iiiuuyl 1 heavy duty SO /0101,1 approx 25 Or p, 

at I in. travel. 2 solenoids of approx. 1 lb. pull at j tin. navel. 
6 solenoids of approx. 4 oz. pull at } in. travel. Plus 1 24V D.C_. 

flea, ..,,ty 1 make relay Price £2.50. Post L 1 00 
ABSOLUTE BARGAIN. 

240 V A.C. SOLENOID OPERATED 
FLUID VALVE 

)3 rig ,. , iss 
E2.25. P,ist SOp NE W ntg,nal packing V 

600 WATT DIMMER SWITCH 
Easily fitted. Fully guaranteed by makers WIII 
control up to 600 watts of all lighting except fluor 
estent at mains voltage. Complete with simple 
nlstrucronS £3.15. Post 25p 
1000 wan model 
2000 wan model 

VARIABLE VOLTAGE TRANSFORMERS 
Carriage extra INPUT 230 v. A.C. 50/60 

OUTPUT VARIABLE 0/258v. A.C. 

BRAND NEW. An types. 
200W (1 Amp) £10.00 
0.5 KVA (Max. 2'/2 Amp) £11.50 
1 KVA (Max. 5 Amp) £16.50 
2 KVA (Max. 10 Amp) £30.00 
3 KVA (Max. 15 Amp) £33.00 
4 KVA (Max. 20 Amp) £60.00 

(max. 37.5 Amp) .... £102.50 

LT TRANSFORMERS 
.. -1 r, 12 volt t, 10 amp £6.16 Post 70p 
0 10 17 18 volt er 10 amp 06.70 Post e 1 00 
0 6. 12 volt o 20 amp £10.90 Post L 1 00 
0 12 24 volt n 10 atoo. £9.60 Post et 00 
0 4, 6 24 32 volt n 12 amp £10.30 Post ).1 00 
0 6. 12. 17, 18. 20 volt to 20 amp. E11.80 Post s 1 00 
Other types to order at short nonce Phone your enquiries 

AUTO TRANSFORMERS 
Step up step down ',1 1 Is 200 220 240 
At 75 watt £3.00 Post 40p. 150 watt £4.30 Post 50p 300 
watt £6.20. Post 60p. 500 watt £9.20 Post 75p 1000 watt 
£13.50 Post 90p 

RING TRANSFORMERS 
Form. Nona, Ve'sable Educational 

These multi. purpose Auto Transformers with large centre 
aperture e 

a 
n Sn used as a Double wound current 

Transformer Auto Transformer H T or L ToTransformer 
by srmpry hand wrndrng the requited number of turns 
through the tenta opening 
E g Using the RT 100 V A Model the output could be wound to give 8V 
Lnl 121/2 Amp 4V @ 25 Amp or 2V @ 50 Amp etc Price 
PT 100VA 3 18 turns per volt £5.00. Post 15p 
RT 2KVA 1 5 turns per vole [21.00. P,,.t $ 1 50 
RT 3KVA 1 5 turns per volt 128.00. P.,.t t 'ill 

STROBE! STROBE! STROBE! 
' HY -LIGHT STROBE Mk. IV 

Latest type Xenon whiny light tube Solid state timing and triggering * orcun 230,240 volt A C operation Speed adjustable 1,20 t p s 

Designed for large rooms halls. etc Light output greater than many 
go called 4 Joule) strobes Price £15.40. Post 75p 
Specially des.gned case and reflector for Hy Light £1.25. Post L1 CO * XENON FLASH GUN TUBES Lti 
Range of Xenon tubes avail able rit 

, clock SAE for lull detail - ,ti * * * * * * * * * * * * * * * * ** lilt ** 
ULTRA VIOLET BLACK LIGHT * FLUORESCENT TUBES * 411.40 wan £6.00 (callers only) [ft. 20 wan E4 60. Post 60p If 
(For use ,ri a c., o. ^:n Wings, MINI 12in. 8 wan 1.1.75. Post * 25p gin. 6 wars £1.40. Post 25p Complete ballast unit and * 
Welders for amer 9" or 12" tube £1.70. Post 30p (9" * measures appro.. appo 1 

* 

e 

6 

SQUAD LIGHT 
A new concepteon en light 
(omrol Four channels each 
t apable of handling 750 watts of spotlights floodlights 
dozens of small mains lamps Seven programs all speed conuoneo 

$ flash modularon effectively poorly 14 ditterent displays 
Makes sound -to -Sight obsolete Completely elect really and 
,us han,(ally nn,se tree erii e may £58.00 

- -- 
WHY PAY MORE ?! 
MULTI RANGE METER A C volts 2 5 SOLI D C 
volts 2 5- 5001Sens,levity 2000E V DC 5 ACI DC 
current 0 1 10 100 mA Ohm; range Sturdy I 

compact movmy coil instrument with 21 ranges 
dimensions 120e POs 44mm Weight 0 32 kg 
SERVICE TRADING CO Price £5.00. Ince reads 
and battery Post 50p (Total price ,nt VA I 

Post £5.94). 

TRIAC 
Raytheon Tag syntme.,eal Toat Type TAG 250 SOO,. 10 amp toll 
p, v Glass ,ass,vated plasta Ina, Swiss precision pit.,:,(, lin i,rn,l nn, 

Sonata,. ( 18p. 

INSULATED TERMINALS 
Incorporating 4mm socket 
Available on black red white yellow blue 
and green 18p each Post Pad 

EARED MOTORS 
100 R.P.M. 115 lbs. ins.!! 

115 Ib ins 110 ,,on 5OHz 2 8 amp single phase split 
capacitor motor Immense power Continuously rated 
Totally enclosed Fan cooled In -line gearbox length 
250mm Dra t 35mm Spindle Dra 15 5mm Length 
145mm eeegmpment tested £12.00. Post L 1 50 
Suitable transformer 230 240 volt £8.00. Post 75p 

15 R.P.M. 
l ype SC/48 15 r p te BO Ib ms Input 100 120 vole A C Length Intl 
gearbox 270mm. Melons 135mm Width 150mm Shalt drive 16men 
Weight 8 5 Kilos BRAND NEW Price £10.00, cari L 1 00 
Suitable transformer for use on 720 240 volt A C £3.85. Post 50p 

60 R.P.M. REVERSIBLE 
220 240 volt A C Small powerful continuously rated motor Mfg 
BERGER (Germany) See 80mm e 65mm e 65mm Spindle doe 
6n.m Length t 5mm Weight 775 grams £6.50. Post Son 

BODINE TYPE N.C.I. 
GEARED MOTOR 
(Type 1) 71 r.p.m. torque 10 lb In 
Reversible 1 70th h p cycle -38 amp 
(Type 2) 28 r.p.m. torque 20 lb in . 

Reversible 1 80th h p 50 Cycle .28 amp. The above two 
precision made U S A. motors are offered in as new 
condition. Input voltage of motor 115v A.C. Supplted corn 
plete with transformer for 230/240v A.C. input. 
Price either type £6.25. Post 75p or less transformer [3.75. Post 
65p 

(Type 3) 71 r.p.m. 230 Volt A.C. 
Continuously rated Non reversible £8.50 Post 75p 

6/9 VOLT D.C. GOVERNED 
40mm e 40mm Spindle lOmm Dia 2 mm £1.00 Post Paul I wu !n, 
01.55 Post Pod 

24 R.P.M. 
230 volt A C Continuously rated Mfg Mycalex Ex -equip Fully tested 
£3.56 Post 75p 

1 R.P.M. 
230/240 VOLT A.C. SYNCHRONOUS!! 
Ex- equipment Thoroughly tested and guaranteed ONLY £1.50 Post 
20p. 

20 r.p.m. GEARED MOTOR 
230/240 volt 20 r p m motor £1 .00. Post 20p 

REVERSIBLE MOTOR 230V A.C. 
General Electric 230. A C 1 600 tom U 25 ani) Gomplele war, 

t , 

vrbraron mounting bracket and capactor 0 A sere 1 t Omm x 95mn, 
Spndie 5 16" <Ira 2Cmm long Ee- equipment tested £3.00. Post 50p 

METERS NEW 
90mm Diameter 
Typa. 65CS D C M/C 2 5 10. 20. 50 amp £2.75. Post 20p 100 
amp £3.25. Post 20p 
Type: 8272 A C M /1 t 20. 50 amp £2.50 Post 20p 0.300 Volt 
AC M'I £2.75 and 300 Volt A C R / M C £3.00 Post 30p 

ROTARY VACUUM AIR COMPRESSOR AND PUMP 
Carbon vane oit less t00 115V A C 12 
n p motor 50 60 cycle 2875 3450 r p m 
20" vacuum 1 25 c f m 10 p s t )approx 
figures) New unused surplus stock. with elect 

Iton data Fraction of maker s price 
[1ï.Ó0. Post t 1 00 Suitable transformer 
£3.50. Post 50p 

TIME SWITCH 
Horstmann Type V Mk II Time Switch 200/ 250 volt 
A C Two on two off every 24 hours at any manually 
preset time 30 amp contacts 36.hour spring reserve 
in case of power fatture Day omitting device Fined in 
heavy high impact case with glass observation 
window Built to highest Electricity Board seer 
mdrvrdually tested Price £7.75. Post 50p Total an 
VAT Eft 9II 

A.C. MAINS 
TIMER UNIT 

nigle pule switch , h,th in he preset for 
any period up to 12 hrs - ahead to switch 
on for arty length of "woe 'rom 10 mtns to 6 
hrs then switch off An addd,pnal 60 min audible timer rs al . 

Ror ncorporated Ideal for Tape Recorders Lights hts. Electric Blankets 
etc Arndt-two satin copper finish Size 135 m 130 mm 
60 no PI I. £2.25. Posi 40p ,Total inn VAT P. Post 2.87.) n 

á//es 

INSULATION TESTERS (NEW) 
Test to I.E.E. Spec. Rugged metal con- 
struction, suitable for bench or field 
work constant speed clutch. Size L. 8 m.. 
W. 4 in., H. 6 in., weight 6 lb. 
500 VOLTS 500 mi'IInr.- 
Post 8011 

1000 VOLTS 1000 megohms 
Post 80P 

£40.00 

£46.00 

VAT VAT AT 8% 
MUST BE ADDED 

TO ALL ORDERS 

FOR THE TOTAL VALUE OF GOODS INCLUDING 

POSTAGE UNLESS OTHERWISE STATED 

POWER 
RHEOSTATS 

ew ceramic construction, vitreous 
enamel embedded winding, heavy duty 

Crush assembly, continuously rated. 
25 WATT 10 15 100 150 250 500 lk 1 5k ohi,, 
£1.70. Post top 50 WATT 1. 5. 10. 25. 50. 100. 500. 1k ohm 
£2.10. Post 25p 100 WATT 

1 10,25 50/t00/ 250'500/1k, t 5k 2 5k/5k ohm, 13.30. 
Post 35p 

Black SilverSkirted knob calibrated in Nos. i -9. I 

in. dia brass bush. Ideal for above Rheostats, 22p ea. 

PROGRAMME TIMERS 
230 Volt AC Operation 15 or 20 r p m 
Each cam operates 

a 

m c'e ic witch !deal 
Ins lighting effects displays' etc Ex equ,o 
tested Similar to Push-anon 

e, <AM 

ALL MAIL ORDERS, ALSO CALLERS AT 

57 BRIDGMAN ROAD, CHISWICK, 
LONDON, W4 5BB. Phone: 01 -995 1560 

Closed Saturdays. 

SERVICE TRADING CO. 
SHOWROOMS NOW OPEN 

AMPLE PARKING 

PERSONAL CALLERS ONLY 

9 LITTLE NEWPORT STREET, 
LONDON, WC2H 7JJ. 

Tel.: 0f- 437 3576 
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ELECTRONIC BROKERS 
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 of secondhand test 
equipment in Europe as well 

as a selected range of new 
products. These are on display 
at our London showrooms 
where customers can examine 
the equipment of their choice 
and see it working, 

jltCtll 

TELEPHONE 
TEST EQUIPMENT 

SIEMENS 
Level Mater 3D 332 0 3.1200KHz E250 
Level Meter 3D 335 10KHz -17M Hz E300 
Level Oscillator 3W29 0 3.120OKHa £250 
Level Oscillator 3W518 E300 
Career Frequency Sweep measuring set up Type Rel 
32 M710 Cm 15MHr) Comprising Level Oscillator 
Rel 3W 516 Level Meter Rel 3D 335 Sweep 
Anachment Rel 3W 933 Tracing Receiver Rel 3D 
346 Used for measurement on carrier telephone 
equipment for coaxial systems le g V960. V1200 & 
V2700) and w,debnd radio relay systems (e g 
FM600. FM900 FM11001 P.O.A. 
WANDEL & GOLTERMAN 
Level Transmitter TFPE 42 10KHz -14MHt £375 
Level Meter TFPM 43 10KHe14MHz E375 
Wandel & Golterman VZM 2 Distortion measuring set 
for phase end amplitude mod For multichannel FM 
Radio Systems up to 12MHe base bands £350 

SWEEP GENERATORS 
HEWLETT PACKARD 
Sweep Oscillator 692D 2.400: Sweeps from start 
to stop- Ireq SPECIAL OFFER E300 
Sweep Oscillator 693B 4 -8GH: 

SPECIAL OFFER E325 
Sweep Oscillator 693D 4 -8GHe E325 
JERROLD 
Sweep Signal Generator 9008 Central Fregs 
500KHe.1200MHz Sweep widths narrow as 1010He to 
400MHz wide 50ohms o/ p impedance E400 
M.E.S.L. 

Swept Sgnal Source rAH883 7.t1 5G Hr E480.00 

Electronic Brokers Ltd . 

have fully equipped 
workshops on the premises to 
test and report on the majority 
of equipment we sell, 

FUTURE 
ADDITIONS 

The following equipment Is becoming 
available to us Hi the near future. should 
you require pyres etc.. please contact 
us and then we will reserve your 
specific requirements. 

HEWLETT PACKARD 
334A Dwlortnn Analyaer 
5245L Electronic Counter 
626A Sipral Generator 
85528 Spectrum Analyser - IF Section 
8616A Signal Generator 
1411 Sped. Anal. Display 
211A Cryeul Morwmrad Sig. Gen. 
355D Aalerwutor 
69206 Meter Calibrator 
53266 Univ. Tien / Counter '13.V M 
435A Power Meow 
17078 
MARCONI INSTS. 
TF 10666/6 FM Signet Ganargor 
FLUKE 
8100A Digital McNimater 
81008 Oigitet Mu/omater 
8300A Diptel Voltmeter 
3325 Voltage Calibrator 
3414 D.V.M. Calibaeor 
TEKTRONIX 
434 
465 100MHz D.T. Scope 
465/05/07 TV Scapa 
475 200MHz D.T. Scope 
422 15MHe D Scope 
549 Stomps Scapa 
1£40 Spectrum Analyser Plug in 

SIGNAL SOURCES 
ADVANCE 

H F Square Wave Generator SG21 
1U KHe100MHz Max o p 2V E35.00 

GENERAL RADIO 
Unit Oscillator 1209C Freq 250- 920MHz Accuracy 
1% Dolt 0.2% 0 /pin to 50ohms- 150mW supplied 
with Power Supply Type 1201 . -0018 as 
Illustrated £215.00 
Unit Oscillator 1218A 900.2000MHe Power output 
of 200mW across band E140.00 
HEWLETT PACKARD 
F M AM Sgnal Generator 202H F M AM CW & 
pulse coverage 54 to 216 MHz R F o/p 0 10 /.0 2V 
50ohms Impedance E450 
V H F Signal Generator 608E 10.480MHz (5 band( 
Accuracy x0 5% Grp O 11íV -1 V (variable) 50ohms 
Int A M 400 & 1000H: Ext A M 20He20KHz 
Superb condition £895 
S H F Sgnal Generator 618C 7 8.7 6GHz x 1'x. 
5Oohms E550.00 
U H F Sgnal Generator 616A 1 8.4 2GH: E475.00 
MARCONI INSTS. 
FM /AM Signal Generator TF 995A/35 Ministry 
type No CT402 1 SMHz220MHa R F o'p 
2yV.200mV Internal & External Mod Facilities. V 
good condition E385 
FM /AM Signal Generator TF 995A/5 1 5- 22OMHz 
in 5 bands. 0 IpV.200nW F M up to n 120KHe from 
50Hz-15KHe A M up to 50% from 100HZ-10KHa 
o'p (1) 2pV -200mV (21 with terminating unit 
1yV100mV Int mod freqs 400Hz, 1KHz & 1 5KHz 
Distortion (1) on internal F M. c25He. (2) on imetn.l 
A. M. 8% at 30% nod.. ES00 to 0450.00_ 
A M Sgnal Generator TF801 D/1 Freq range 
10.470MHz Ft F output 0 l1V Piston attenuator 
50ohms Impedance Modulation lot A M 1 KHz Ext 
A M 30 Hz.20KHa Low spurious F M & drift 
V S W R 1 2 or less E400 -E800 
A M Sgnal Generator TF801D /IS Military Version 
10.485MHz £450 -E800 

R C Oscillator TF1370A 10Hz 10MHe Square Wave 
up to 100KHe High Outputs up to 31 6V E285 
Phase /A M Signal Generator TF 2003 
0 4.12MHz E150 
A M Sgnal Generator TF 801B 35 12 485MHz 

luV1V E195.00, 
R C Oscillator TF1101 Frequency range 
20HZ'200KHa Output Direct into 600120.20V 
venablo Anenuator 0 -6dB in 10dB steps Impedance 
60011 Distortion Via 1KHx Filter less than 0 1'íl. 
Olrect or era Attenuator Less than 0 5%. 50Hz -2OKHz 
Less than 1% 20Hz.200KHz Superb condition El 75 
UHF & SHE Sgnal Generator TF 1056 
1600.4000MHz O luV -445mV 50ohms Impe- 
dance £295.00 
FM /AM :oval Generator TF937 1 CT320 
35KHz. 18.3MHz As seen condition £80.00. 
Portable Receiver Tester TF8883 Freq 
70KHa'70MHa Xtal check 500KHz & 5MH7 Output 
Phase M Signal Generator TF2003 
0 4.1 2MH: £150.00 
V H F Mohrle Radio Test Set, TF1064B SM ' £300 
Sgnal Generator TF144H 4 Late models in superb 
condition E500 to E650. 
AuM'F Generator TF9958: 5 (Brand n 

used) 
M ew - 

E750 
MUIRHEAD 
L F Decade Oscillator D880A 2 phase 
001H:11 2KHz £295.00 
Decade Oscillator D890A 1 Hz -11 2KHz £335.00 
RADIOMETER 
Stereo signal gene,ain, SMGI C r,ylove Or request 
Superb condoler. E400 

AM FM Generator Type MS27G E315 
WAYNE KERR 
Video Oscillator 0 222 7KHe.8M Hr 

E75 00 
Vdeos oOscillator 0 22D 10 KHz.10MHz E150.00' 

OSCILLOSCOPES 

DISPLAYS 

Type 3100 DC to 35 MHz E410 
C D U 150 P.O.A. 
HEWLETT PACKARD 
Oscilloscope 140A c 1415A time domain 
reflectometer For testing of cables connectors 
strrplrnes & transmission lines E750 
Sampling Scope 1858 DC.3 5 GHz E395.00 
Oscilloscope 175A DC.50MHe Main Frame E150.00 
Plug-Ins available from £25.E55.00 

'50MHz single channel 1 751 A Time Mark Gen 1 783 
Aux Plug.ln 1780A Display Scanner 1782A Sweep 
Delay Gen 17818 Dual Trace Vert Amp 1750A 
Delay Gen 1781A 

HAMEG 
Transistorised compact single beam portable scope 
bandwidth of 8MHz. Compensated Y - attenuator 12 
ranges 50mV /cm to 30V /cm Timebase sweep range 
of 10Hz to 500kHa and can be triggered Iron +Ve or 
-Ve externally or internally. Y input can be AC or DC 
coupled Display area 6cm x 4cre Rise time 44ns. 
Dimensions 203mm x 160mm x 240mm. WI. 5K8 
BRAND NEW. Type No. HM207 Elf.00 
MARCONI 
T V Scope TF 2200A 1 c w TV DM plug r TM 
6457A DC -30MHz E190 
Portable Scope TF2203 15MHz Bandwidth DC 

coupled 50mV cm sensitivity E125.00 
SOLARTRON 
Portable Scope DC 6MHz Double Beam CT436 E95 
Cl) 1014 3 DC -5MHz E90 
Poneble Scope CD 1400 DC- 15M Hz Plug ins available 
CX 1441 1443, 1444. 1448. . E100 
Wide Stand Gineral Purpose Scope CD 3-1212 (Mm. 
ape. CT484). Plug no CX1251 & CX1252 (collection 
only) .. C1411.60 
Portable transistorised CD 1642 Dual trace DC - I.B.M. 
15MHz 10mV /cm. Senotivny triggering to 25MHz Ex Computers 
Screen 10 x 6cm E1í6 overload protection (220V input) On INPUT & 
HEATHKIT OUTPUT Load regulation of 19C or benar Low ripple 
1012 p Scope Single Beam 50MV /cm AC coupled. Fast response time 
B/W 4.5MHe 5" Tube Assembled Refurbished 90 6V -6A 
Day Warranty. Our price £48.50 3V -8A 
RORAND 3V -4A 
25MHz Scope R 050 c/w 5C Plug m E200 3V-16A 
25MHz Scope R 050A c/w 5C Plug in £225 Regulated only 
TEKTRONIX 48V-2 7A. -7 25V 4 8A £9.60 
Sampling Scope 661 c/w plug .C.R. 
453 DC -50MHa Solid state S portable Ef 0 Ex Computer (108.132V Input) Type 007-6004501 
TV Wave Form Monitor Type 525 E175 Mod. 0. 240V -20A E35 
545c /wC A Plug -in E275 Type 31 5 -051 6424 B. 32 -36V -4 HA £20 

i i 
Segmented Multiple Cold Cathode Gasfilied Indicator 
Tube Type ZM1500/12 made by Mullard - unused. 
12 Decades Character height 7.6mm. Striking voltage 
160. Ideal for Display Applications requiring a large 
No of digns to be displayed. e g Desk Top Calculators 
Overall width 88 2mm Overall height 26mm. 

.. f.3.75+ P&P 30p +VAT 8% 

Numeric Tube 
B 5853 09 
Digit 1 4` 
height. Brand 
New E1.00. 
Also Alpha 
Numero Nixie 
Tube B. 7971 
Displays alphabe & 09 numerals .. ISp 
SELF SCAN 
Panel Display Model SSO 1000.0030 Direct Visual. 
Presentation of Alpha- Numeric Data Each panel is a 

sell -contained package. providing 16 to 18 display 
positions. each of which may be instructed by a 6 -bit 
coded signal to display one of 64 pre-programmed 
characters as a 5 x 7 dot -matrix, formed by specal 
gas- discharge units. Each character is 0.4 inches mgh 
providing a bright image, visible over a wide viewing 
angle Full applications data is available giving all 
necessary rniormation Price E60 

POWER SUPPLIES 
users. hip y stabilised salons: i 

E14 
E17 

£9.60 
£26 

ELECTRONIC 
Amemberof ADD8 %VATTOALL PRICES the EB group 

WW -091 FOR FURTHER DETAILS 
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the test equipment people 

Type 315 -- 05026540 12V -- 15A C32 
Type 315- 0505928G 12V --25A E40 

ELECTRONIC 

BROKERS 

TEST 

EQUIPMENT 

CATALOGUE 

TTn most compr atalogue of its kind 
ever compiled in the UK. 

c 

Send 50p townies printing, postage, etc. 
(Overseas customers £1) and a catalogue will 
be sent by return. 
Electronic Broken Ltd. will then keep the 
catalogue updated by forwarding revision 
sheets fine of charge. 

MULTIMETERS 
AVO 
Avometer Test Sel Nu 1 (Panclrmatic Version of Model 
g) E44 
Avometer Model 8% hame spec. as Model 8) E40 
Avometer Model 7 Egg 
All above refurbished. calibrated and guaranteed test 
leads. NEW, for above Models E4 
Ever Ready cases E6.50 
Muluminor Mk 4 c carrying rase & leads £17.50 
EVERSHED a VIONOLES 
250V Megger f 18 

RUSSIA 
AC Clamp Volt -ammeter U 91 Brand New £13.75 
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 
Megohmmeter Type M4100/3 Brand New E37 
Nominal o/p Voltage (open co ) 500V High 
measurements Range (at 500V) 500MÚ (Mid Scale 

5M()) Low measurements Range 1000K0 Portable 
(Jibs 1 and Hand operated c w carrying case SEE 
ALSO INSIDE SACK PAGE. 

VOLTMETERS 
ADVANCE 
DMerential Voltmeter M500 w AC / DC Converter 
M501 P.O.A. 
A.C. Millivoltmeter /73 E40 
HEWLETT PACKARD 
DC Vacuum Tube Voltmeter 412A 1 MV.1000V 1.,. 
Accuracy Ca,, also be used as Ohmeter & 

Ammeter E75 
VTVM 400D ImV to 300V FSD 12 ranges IOH, to 
.4MHZ 2, accuracy Input Impedence I0Mohms £85 
VTVM 400L Logarithmic version of 400D Reads RMS 
value of sine wave Log voltage scale 0 3 to 1 & O 8 to 
3. Linear dB scale Input Impedance 10Mohms E90 
Vacuum Tube Voltmeter 4108 Frey Range 
20H2- 700MHe AC1.600V 16 ranged DC 1V -1KV 
ohmeter 0 2 ohms to 500Mohms 17 ranges) Accuracy 
e 3V E66.00 
Vacuum Tube Voltmeter 400H Freq Range 
IOHz -4MHz Volts 1 OerV.300V F S. (12 ranges) 
Accuracy . 1l- (50Hz- 500KHz) e 2,e, 120Hz -I MHzi 

P.O A. 

AV Voltmeter 400E Solid state AC vclts 1 reV i 

FS (12 ranges) Frey 10Hc.10MHa Accurai , - 

P O A 

R M S Voltmeter 3400A r 285 
AC Volrniere, 400F P. 0 A. 

MARCONI 
Sens.nve Valve Voltmeter TF 1100 1000-300V AC 

Freq 
co 

verage 10Hz-10MHz Meter has dB scale 
laclny E85 
Valve Voltmeter TF 1041B General Spec 0.300V Ac 

0 -1 KV DC Resistance up to 500Mohms £60/ E95 
Voltmeter No 3 CT 208 TF 958 AC 100mV -150V 
multiplier extends AC range to 1 5KV DC 
50mV -100V Freq Range 20Hz- 100MHz E55.00 
Valve Voltmeter TF2600. AC 25mV -300V (7 ranges) 
DC 10mV -1000V (8 ranges) Ohms O 2 to 59M (7 

ranges) 20Hz to 1500MHz Brand new condition 

PHILIPS 
L F Milevolrmeter GM 6012 12 ranges -1 mV -300V 
dB scale on m 

e 1 

er Accuracy 2Hz 5" 
5Ha- 100KHa 2 5v.1O0KH1.1 MHz 0 5'r. Amph!- 
carion available 50-70 EB5.00 
H F Mrllivoltmeter GM 6014 Measuring Ranges 

1 mV300mV in 6 ranges Accuracy at 30KHz 3'w of 
F50 = Amplitude Char I KHe-30KHa llar within 

5'k E55.00 
DC M,crovolrmeter GM6020 10.'V -1 KV Current 

I OpA -10.A Accuracy 5's. (F501 "t L'.r... 
AU other ranges Recorder o p larihly 165 PO 

On these pages you will 
find Just the briefest selection 
from the vast range whicn 
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. 
WORLD WIDE EXPORT. 

Enquiries and tenders 
welcome from any part of the 
world. 
HOW TO REACH US .. . 

We are easy to reach, no 
matter where you live. 
Minutes away from Kings 
Cross or St. Pancras main -line 
stations, and a bus ride from 
Euston; only lust over half an 
hour from Heathrow Airport. 
Parking is easy too. 

SIGN ELECTRONICS 
A F Voltmeter AM324 E60 
SOLARTRON 
OC Digital Voltmeter LM1420 2 25.V-1Kv in 6 

ranges 005 %. DC accuracy . £239.00 
D.V.M. Type LM1420.28e DC. True R.M S. & mean 
A.C. sensing Accurate measurement irrespective of 
harmonic distortion accuracy - 0.25% Freq. 
40He -20KHz ... _ . .. 5350 
A C Converter LM1219 30mV -300V mean reading 
Freq range. 10He.1OKHe P.O.. 
FLUKE 
Differential Voltmeter 821A. For calibration. testing. 
stability ineasurementa of regulated power supplies. DC 

Voltmeter calibration. 20.01% absolute accuracy 
infinite rout resistance at null over entire 0 -500V 
range standard cell reference. Pblaiity swish. In -line 
readout with automatic lighted decimal No :arc 
controls Usable as conventional V TV M (3`K 

FSD) £186 

STROBOSCOPES & 
TACHOMETERS 
STROBOSCOPIC 
TACHOMETER 

Two units in one 
STROBOSCOPIC FLASH RATE -- 200 to 6.000 
flashes per minute 
TACHOMETER 
SPEED FATE -- As 
above ACCURACY 

31i, better 
FLASH DURATION 
- Apprpx 10 to 
25 sec HIGH 
IMPACT CASE 
WEIGH' - 27 oz 

22 Vol, 

£49.50 BRAND NEW 

"TOUCHLESS" 
RETRO- REFLECTIVE. 

o 
4 

TACHOMETER 

Reads RPM from as far as 
24 in. away) Four ranges 
0-1.000, 3.00C.. 10.000 
30.000 RPM Battery 
powered Mirror Scale 
Accuracy 11/2% of lull 
scale Posh- button reading 

411 
£89.50 
Carrying Case C12 50 
extra. Send for lull Mere- (' 
BRANC NEW 

'+ 
ADVANCE 
Reccrde (..iilr.+' i, £15.00 
AVO 
'salve Tester CT160 For nesting el receiving & low' 

Mutual conduclance Em,ss,oe 
,tenon & anode curent can be measured. 

E60.00 

BROKERS LTD 
Carriage and packing 
charge extra on all items 
unless otherwise stated. 

Please note: All instruments offered are 
secondhand and tested and guaranteed 12 
months unless otherwise stated. 

AC i DC Breakdown & Ionisation Tester 
RM215-L /1 P.O.A. 
AIRMEC /RACAL 
Wave Analyser 248A. 5.300MHz E1984300 
Weve Analyser 853. 30KHz- 30MHz. Sensitivity 1 uV 

to IV up to 20 MHz. 4uV to 4V up to 30MHz £61.00 
Wave Analyser 248. Freq Range SMHz- 
300MHz 2110 
AIRMEC 
Modulation Meter 210 . .. E76 to E100 
AMPEX 
F M / Direct Recorder/ Reproducer SP 300 4 

Channels. Speed 114. 3 %. 71/2. 15 ips Frog response. 

Instrumentation. 50Hz -4011z at 15 rps Audio 
50u, -18KH, 81 15 rps SPelal coffer ES50 
BECKMAN 
Transfer Oscillator 7580H DC -15GHz with counter 
7.5MHz -15GHz without counter Sensitivity 100mV 
IR.M S.) SPECIAL OFFER £250 
S ELL 
Gausemeter Type 120. complete with Probes P.O.A. 
S iK 
Deviation Bridge 1505 
B.P.L. 
Component Comparator CZ457 5 P. 0.A 
B URNDEPT 
Battery Charger BE370 £30.00 
COSSOR 
Battery Charger CC.99 £16.00 
DECCA 
Prover Supply for Nase Source MW 61 

EDDYSTONE 
Recover Type 7705 Freq 500.100MHz P.O.A. 
TELONIC 
Band Paws Filter TBA 140.60.5CC1 5 Section. TNC to 
INC connectors 84" tubular 60Mhe bandwidth 
140Mhz centre freq. Brand new E20 
TEKTRONIX 
Probe type P6006 with UHF plug fined) £12.80 
PYE 
Thermocouple test set 7556 . .. E46 
GENERAL RADIO 
Immmance Bridge 1607A Immaculate Condition in 
Wooden Transit Case. £1000 
Unit Null Detector 1212A 20Hz -SMHZ Log Response 
with 120dB satale .O.A. 
HEWLETT PACKARD 
Distortion Analyser 331A 2210 
Digital Recorder 560A £110 
Digital Recorder 5610 E140 
HEWLETT PACKARD 
Directional detector 787D 1.9-4 1Ghz E80 
Directional detector 7880 3 7-8.3Ghe E96 
MARCONI INSTE. 
Atlenuaror TF 1073A/2S Ets 
Out of Limits Indicator TF 2404/2M1 Checks 
readings tram electronic counters and other digital 
costs Local and remote visual and electrical mdreetion 
suitable for use by unskilled personnel and with A.T E 

P.O.A. 
Blank at Sync. Mixer TF 2908 E90 
Ouantuation Distortion Tester TF 2343 P.O.A. 
R F. Power Meter TF 1152 /1 E75 
-0" Meter TF. 329G £200 

MARCONI 
Probe kit TM8I 20/ 1 %1 for use with valve voltmeter 
TF2600 Brand new £30 
RHODE & SCHWARTZ 
Stereo Coder MSCBN 4192 2 P.O.A. 
Polyscop Swob II £1450 
Ahenuator type DPR Z -60 ohms BN 18042 P.O.A. 
U.H.F. Millivoltmeter Type URV £175 
Frequency Indicator FKM -BN 47051 P 0 A 
SIGN ELECTRONICS 
D F M Type DM344A E115 
TELONIC 
Sweep Generata SM 2000 c /w Plug Ins E -3M S-6 & 

S4M .. P.O.A. 
WAYNE KERR 
Cu,renr Ratio Transformer T102C 

Add Sop Post E Packing. plus VAT 
(8 %) to all above prices 

WW -092 FOR FURTHER DETAILS 
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LOW PRICE °'c 
ARRANGEMENTS pIN 
TRADEMIRS 

Wireless World, July 1976 

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. 

International Radio and Television 
Exhibition - FIRATO - Amsterdam, 
August 27 -29 1976. Two nights at the 
first -class American Hotel. Fully inclusive 
price £89.00 

Western Electronic Show and Convention 
-WESCON - Los Angeles - September 
14 -17, 1976. 10 nights at the de luxe 
Downtown Hilton Hotel. Fully inclusive 
price - £399.00. 

International Exhibition of Data Processing, 
Communication and Office Organisation - 
SICOB Paris, September 23 - October 1 

1976. Two nights at the de luxe Meridien 
Hotel. Fully inclusive price £86.50, extra 
nights as required. 

Hifi International Exhibition and Festival - 
Dusseldorf - September 24 -29, 1976. 2 
nights at the first class Quality Inn Hotel. - 
Ratingen (8 km from the Fair Ground). 
Fully inclusive price - £99.90. C] 

Please send details of the tours indicated above. 

NAME COMPANY 

International Industrial Electronics Trade 
Fair- FAIREX- Amsterdam, October 18- 
20 1976. Two nights at the first -class 
American Hotel. Fully inclusive price 
£89.00 

International Trade Fair for Production in 
the Electronics Industry - ELECTRONICA - 
Munich, November 25- December 1, 1976. 
Two nights at the first class Hotel Der 
Konigshof. Fully inclusive price £118.00, 
extra nights as required. 

ADDRESS Telephone 
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TRANSI PACI( 
NO BREAK POWER 

SUPPLIES 
NEW 2000 SERIES - FOURTH 

GENERATION 
1 KVA TO 200KVA 

24 HOURS WORLDWIDE SERVICE 
2 YEARS' GUARANTEE AVAILABLE 

BRITISH MADE 
VISIT US AT HASTINGS AND SEE OUR 

STATIC INVERTER CENTRE 

TYPICAL TRANSIPACK 
NO -BREAK POWER SUPPLY 
AS DELIVERED TO C. E. G. B. 

TYPICAL 
TRANSIPACK U. P. S. 
FOR COMPUTER 
APPLICATIONS 

INDUSTRIAL 
INSTRUMEN 
LIMITED 
TRA$JIPACIe 

TS 
Sales and Laboratories 
STANLEY ROAD 
BROMLEY BR2 9JF 
KENT. ENGLAND 
Telephone: 01-460 9861/5 
Telegrams: TRANSIPACK. BROMLEY 
Telex: 896071 

Factory 
THEAKLEN DRIVE 
PONSWOOD INDUSTRIAL ESTATE 
HASTINGS. SUSSEX. ENGLAND 
Telephone: Hastings 427344 

WW -1181 FOR FURTHER DETAILS 
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TELETYPE 35R0 ASCII CODE 
HEAVY DUTY CONTINUOUS OPERATION with 24OVOIt Power Supply and Paper Feed. 
Ci mr nits, Diagrams. Information supplied with all purchases. 

A MUST AT E50 each 
To all purchasers of the Teletype 35R0 we offer a Re- Buildable Electronic Keyboard In addition to the 
conventional keyboard layout there are 21 separate push- button function switches. Circuits of the internal 
logic and core system are provided Power requirements obtainable from P supplied with 35RO 
Price E10 ONLY 

MARCONI TF1094 SPECTRUM ANALYSER 
Late Model, 3 MHZ to 30 MHZ Resolution down to 6 HZ. Nice condition with copy of manual. Cost 
new in excess of £2.000 Our Price £75. Carr £2.50. SPECIAL OFFER TO FIRST TEN 
PURCHASERS a FREE L Adaptor extending the range down to 100HZ. 

POLARAD Receiver Model FIM -B2 Complete 1 -10GHZ 8750 
12 -CHANNEL CHART RECORDER FSD 5V 20MA per channel £29 
MARCONI ADAPTOR TM6113 for TF2700. TF1313, TF8688 £45 
AIRMEC 4 -trace scope type 279 Large screen E150 
TELONIC SWEEPER 2000 -1 with LA-1M 20HZ -20KHZ E140 
MARCONI TF1101 Oscillator 20HZ2OKHZ. £96 
SOLARTRON VF252 AC Millivoltmeter 1 5mv -150V lull scale in 10 ranges 6" meter + %.- 1% These 
have recently been refurbished by Solanron £35 

COME AND LOOK ON OUR SHELVES - HUNDREDS OF OTHER ITEMS TO 
INTEREST YOU. TOO FAR AWAY? THEN SEND FOR LISTS 

Ex -Min SCOPES CT436 DB 6 meg £95 ea. SOLARTRON CD 1 212 SB 40meg E95. DB 24rneg twice 
6120. Many other types available 
ONLY £10 EACH STABILISED POWER SUPPLY. 240V 50HZ input. Outputs -- 15V @ 10k +15V 
@4A. --4 5V @ 12A. -21 5V @ 1 5A Size 16 x 20 x 9" Auto overload trips on each voltage rail with 
push -button resets Many OTHER POWER SUPPLIES -- call and see 
*TELEPHONES. Post Office style 746. Black or two -tone grey E5.50 N. Modern style 706 Black or 
...tone grey E4.50 r. P&P 76p ea. 
TELEPHONE EXCHANGES. eg 15 -way automatic (exchange only) from £95. 
MUFFIN FANS. 115V Site 5e 5 o 11/2" Superbly quiet and reliable Ex -eq but tested. £1.50 ea P &P 
75p Also 230V @ E2.50 ea. P &P 75p 
PHOTOMULTIPLIER type 931A E4 w. P &P 75p Other types available. also suitable Power Supplies. 
* POTENTIOMETERS - All Sp 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 OR £3.50 P &P 75p. 500 off 
£15. P &P E1 25. 1,000 off E25. P &P el 50 
LARGE RANGE ELECTROSTATIC VOLTMETERS. From 0.300V 2" £3 to 20KV Max General guide 
5KV 31/4" £5. Thereafter E1 per KV P &P 75p 
VARIACS 240V input 0 -270V output 8A £19 ea.; 20A £30 ea. Carr E2 50. 
* 4.43MHZ CB Crystal 26p N- P &P 15p 50KHZ Crystal B7 /Octal base £3 ea. P &P 50p. 
E.H.T. TRANSFORMER'26KV AC COMA 240V 50HZ Single phase input E60 N. Many other EHT 
Transformers and EHT Capacitors available 
TRANSFORMERS -- All 240V 50HZ inputs Type A. 17 -0 -17V 250MA. 7.5 -0 -7 5V 250MA. 0-20V 
5A. 0 -4V 5A. 01 -1 5V 5A E2 ea. P &P 01.25 Type B 17 -0 -17V 250MA, 8 -0 -8V 250MA, 
0.t2. 5.13 5V 5A, 0.1 5 -2V 5A, C1 50 ea P &P E1 Type C 19 -0.19V 250MA, B -0 -8V 250MA. 0.7.5V 
5A,0 -1.4V 5A, E1.215 ea. P &P 01.25. Type 34V 4A. 19V 4A. 17V 4A E3 N. P&P £1.25. TypeE 3V 

1 A 26p N. P &P 50p. Type F 17V 1 A 35p N. P &P 50p Type G 20 -0.20V 200MA. 0 -6V 100MA 75p 
N. P &P 75p 
ALL BRAND NEW (APT surplus types A, B. C & D Honeywell surplus type E. Recordacall surplus type 
F. Parmeko Atlantic series type G) 
TUBES. All Brand New Boxed Electrostatic deflection. Type 40BA 1 Vz" dia. 7'h" long Blue Trace E2.50 
N. P &P 75p. Type CV 1526 (3E011 3" die E4 N. P &P Cl. Type DG7 /36 3" dia (Replacement for 
Telequipment S31) £15 N. P &P Cl 50 Magnetic Deflection 12DP7 12"-round Blue with yellow after 
glow El N. AND FOR THE VDU BUILDER. M38 -111GH Rectangular 30x20cm. Green trace Superb 
value. £12, or Economy type CME 1220 24 x 18cm White Trace, ES N. 
DON'T FORGET YOUR MANUALS. SAE with requirements 
20142 to 200KH2 SINE & SQUARE WAVE GENERATOR. In four ranges. Wren bridge oscillator 
thermistor stabilised Separate independent sine and Square wave amplitude controls 3V max sine 6V 
max square outputs Completely assembled PC Board, ready for use. 9 to 1 2V supply required £8.95 ea. 
P &P 35p Sine wave only £6.85 N. 
Minimum Marl Order E2 Excess postage refunded 

Unless stated - please add E2.50 carriage to all units. 
VALUE ADDED TAX not included in prices - Goods marked with * 12 'h ^/o VAT, otherwise 
8%. Official Orden Welcomed. Govemment /Educational Depts., Authorities, etc., otherwise 

Cash with Order. 
Open 9 a m to 5 30 p m Mon tn Sat ¶CHILTMEAU L-TD 

7 9 ARTHUR ROAD. READING, BEAKS. (rear Tech. College, King's Road). Tel. Reeding 582605 

Wireless World, July 1976 

For those 
Who 

appreciate Qua1iLy... 
a complete electronic kit 
The Forgestone 400 

high quality 
colour television receiver 

A really up -to- the- minute kit, with all these Plus Features ... 
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 

Buy as you build - all Forgestone Kitsets are for the constructor of 
today, each section of the kit is available separately. Please send stamp 
for further details of these quality products. 

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

Norwich 810453 (STD 0603) O 
TMAIL ORDER - Barclaycard &. Access accepted .. 

Telephone 

WW-089 FOR FURTHER DETAILS 

r 
antastic 

Instrument 
*Complete, undamaged units! *Fabulous bargains in all departments! 

Just look at these low, low prices! Look around as much as you like - 
you won't beat these incredibly low prices for complete, undamaged instruments. But you 
must contact Carston Electronics, the big name in the used instrument business in the UK! 

FLUKE 
Solarfron 
Solarfron 
B & K Laboratories 
Hewlett Packard 
Marconi 
Cossor 
Tektronix 
Uher 
Marconi 
Schaevitz E - M 

Bell 

873A 
LM 1420 2BA 
VP250 2 
2203 
5252A 
TF1417A 
4100A 
C12R 
4000L 
TF2005A 
P700 

110 

Sale Price 

Differential Voltmeter 0 -1100 V AC /DC. Infinite impedance at null 50.00 
Digital Voltmeter. 0 -1000 V DC Mean or true RMS AC. 4 digits. 0.05% (DC) 180.00 
Resolved Component Indictor. Quadrant indicators. For synchro, etc., testing 60.00 
Sound Level Meter. Precision standard. Complete with 1" microphone. Battery operated 290.00 
Frequency Counter Plug -in for 5200 series main frames. DC -350 MHz 41.00 
Frequency Counter /Timer. DC -15 MHZ. 6 digits 100.00 
Oscilloscope. 75MHz. Dual Trace. Portable i 390.00 
Oscilloscope Camera. Takes Polaroid roll film. Adaptors available. Fits Tek. 540 series 60.00 
Audio Tape Recorder. Professional Class Fully portable 90.00 
Twin Signal Generator. 20 HZ - 20 KHZ 130.00 
Pressure Sensor. Gas and Liquid Pressures. Dynamic or static. Strain gauge operating 
principle. Ranges 5.5000 p.s.i. 52 00 
Gaussmeter. DC only 1 Gauss - 30 K. Gauss. Hall effect probes available at extra cost 80 00 

These are just a few of the incredible bargains available from Carston. 
For the latest list of low- priced, used instruments, contact: 

Carston Electronics Limited 
Shirley House 27 Camden Road London NW1 Tel : 01 -267 4257 

WW -093 FOR FURTHER DETAILS 
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Forallwhowantto 
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 circuits, 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. 

Circuits covered are: 
Basic active filters 
Switching circuits 
Waveform generators 
AC measurements 
Audio circuits 
Constant-current circuits 
Power amplifiers 
Astable circuits 
Optoelectronics 
Micropower circuits 

circuit 
designs 
Collected Circards 

P W Iliams J Carruthe-s JH Evans J Kinsler 

A WIRELESS WORLD PUBLICATION 

Anew book from Nrreless World 
ORDER FORM 

To: General Sales Department, 
IPC Business Press Limited, 
Room I I , Dorset House, 
Stamford Street, London SE 19L(J. 

Please send me copy /copies of 
Circuit Designs - Number I at £ 10.40 

each inclusive. I enclose remittance 
value £ (cheques payable to 
IPC Business Press Ltd.) 

NAME (please print) 

ADDRESS 

Company registered in Engl.lnd and a subsidiary of Reed 

International Limited Registered No 677128 Regd. office 
Dorset House, Stamford Street, London SE I 9LU. 
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Wilmslow 
Audio 

THE firm 
for 

speakers! 
Baker Group 25, 3, 8, or 15 ohm .. £8.64 
Baker Group 35, 3, 8 or 15 ohm £10.25 
Baker Deluxe. 8 or 15 ohm E12.38 
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 
Decca London and X over £36.25 
Decca DK30 and X over £24.00 
EMI 5" Mid range £3.15 
EMI 6'/2" d /cone roll surr. 8 ohm ... £3.93 
EMI 8 X 5, 10 watt, d /c. roll /s 8 ohm £3.56 
EMI 14" x 9" Bass 8 ohm £11.92 
Elac 59RM 109 15 ohm, 59RM 1 148 ohm £3.38 
Elac 6' /2 "d /c roll /s8ohm £3.83 
Fane Pop 15 watt 12" £5.25 
Fane Pop 33T 33 watt 12" £9.25 
Fane Pop 50 watt, 12" ... £ 12.50 
Fane Pop 55, 12" 60 watt £15.50 
Fane Pop 60 watt, 1h" £17.95 
Fane Pop 70 watt 15" £18.75 
Fane Pop 100 watt, 18" £27.95 
Fane Crescendo 12A or B, 8 or 15 ohm £37.95 
Fane Crescendo 15, 8 or 15 ohm £49.95 
Fane Crescendo 18, 8 or 15 ohm £67.95 
Fane 807T 8" d /c. rolls /s. 8 or 15 ohm .. £5.18 
Fane 801T 8" d /c rolls 8 ohm £8.96 
Goodmans 8P 8 or 15 ohm £5.95 
Goodmans 10P 8 or 15 ohm .. .. - . £6.25 
Goodmans 12P 8 or 15 ohm £ 14.95 
Goodmans 12P -D 8 or 15 ohms £16.95 
Goodmans 12P -G 8 or 15 ohms £16.50 
Goodmans Audiom 200 8 ohm £13.46 
Goodmans Axent 100 8 ohm £7.60 
Goodmans Axiom 402 8 or 15 ohm £19.80 
Goodmans Twinaxiom 8" 8 or 15 ohm ... £9.50 
Goodmans Twinaxiom 10" 8 or 15 ohm .. £9.86 
Kef 727 £5.18 
Kef 715 £6.25 
Kef 8110 £6.75 
Kef 8200 £7.85 
Kef 8139 £15.08 
Kef DN8 £2.08 
Kef DN 12 £5.39 
Kef DN 13 £4.05 
Richard Allan HP8B 8" 45 watt £11.93 
Richard Allan CG8T 8" d/c roll /s £7.65 
STC 400 1 G super tweeter £5.90 
STC 400 1 K super tweeter £5.90 
Baker Major Module, each £13.28 
Goodmans Mezzo Twinkit, pair £46.50 
Goodmans DIN 20, 4-ohm, each £13.28 
Helme XLK35, pair £26.75 
Helme XLK40, pair £38.50 
Helme XLK30, pair £21.95 
Helme XLK50, pair £55.50 
Kefkit 1, pair £44.10 
Kefkit Ill, each £39.38 
Richard Allan Twinkit, each. £13.46 
Richard Allan Triple 8, each . E20.25 
Richard Allan Triple, each £25.18 
Richard Allan Super Triple, each £29.25 
Richard Allan RA8 kit, pair ... .... £37.80 
Richard Allan RA82 kit, pair £59.40 
Wharfedale Linton 2 kit (pair) £20.81 
Wharfedale Glendale 3 XP kit. pair £47.70 
Wharfedale Dovedale 3 kit, pair £59.40 
All Radford, Gauss. Castle, Jordan Watts, Eagle 

Lowther, Peerless Tannoy units in stock 
Prices correct at 14 /5/76 

ALL PRICES INCLUDE VAT 
Cabinets wadding. Vynair, Crossovers etc. 

Send stamp for free booklet "Choosing a Speaker' 
FREE with all orders over £10 - HiFi 

Loudspeaker Enclosures Book 
All units are guaranteed new and perfect 

Prompt despatch 
Carriage. Speakers 50p each,12" and up 75p each, 
tweeters and crossovers 30p each, kits 80p each 

(E1 60 pair) 

WILMSLOW AUDIO 
Dept. WW 

Loudspeakers & Export Dept: Swan Works, 
Bank Square, Wilmslow, Cheshire SK9 1 HF. 
Discount HiFì, PA etc: 10 Swan Street, 
Wilmslow. Radio, Hi -Fi, TV: Swift of Wilms- 
low, 5 Swan Street, Wilmslow. Tel. (Loud- 
speakers) Wilmslow 29599, (HiFi, etc.) 
Wilmslow 26213. 
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GIRO NO 331 7056. Access and 
Barclaycard accepted. C.W.O. only 

Terms of 
enquiries 

u in our 
Export Ordre enquiries welcome (ES min. 

Official Orders accepted from 
Educational & Government Depenmsntti 

ALL PRICES INCLUDE VAT & P.& .P. 
E. & O. E., Shop hours: 9- 12.30, 1.30 -5 p.m. 5 days 

Except Wednesday 

1976 ISSUE 66 PAGES - 3000 ITEMS 
ILLUSTRATED 

I` 
+ 2op CREDIT VOUCHERS_ 

ALL NEW STOCK 
` * SATISFACTION 
I `;+ GUARANTEE 

DISCOUNTS 
-" 20p * NEW PRICE LIST - S.A.E. 

Cp. plus 7Op FOR CAT. 4a 

rt_R0 postage TRANSFORMERS 
'TAO r SEMICONDUCTORS 

MODULES - AUDIO 4,4., MODULES 
HEATSINKS -S -DEC 

+o AUDIO ACCESSORIES 
Shi,.. - TEST METERS 

sil CALCULATORS - AUDIO 
LEADS-BATTERIES-KITS 

RESISTORS - CAPACITORS 
CASES - COILS - BOOKS 

ORS CONNECTORS - VEROBOARD 
( PC MATERIALS - HARDWARE 

rO BOXES - SCREWS - KNOBS 
POTS- STORAGE UNITS., ETC., ETC. 

SPECIAL RESISTOR KITS (CARBON FILM 5 
(Prices Include post & packing) 
10E121/4W or '44W KIT 10 of each E12 value. 
22ohms --1 M. a total or 570 E5.29 net 
25E12 '/ /W or '/W KIT 25 of each E12 value, 22 
ohms 1M a Total of 1425 £12.64 net 

SPECIAL CAPACITOR KITS 
0280 Kil -PC Mounting polyester 250V 5 of each value 0.01. 0.022. 

0.041. O.I. 22µF. 2 010.47. 1µF E1.98 net. 

C296 Kil- Tubular polyester 400V 5 of each value 0.01.0.022, 0.047, 0.1. 
0.22,1. 2 of 0.47: F E2.67 net 

Ceramic Kil- square plaque 50V 5 of each value 22.33.47. 100. 220.330. 
470. 10001. 2200.47000.0.01J £1.66 nel. 

250V Paper Kit- Tubular metal case. 3 of each value 0.05. 0.1. 0.25. 
0.51yF£1.41 net 

500V Paper Kit -Tubular metal case. 3 of each value 0.025. 0.05. 0.1. 
0.025. 0.51F £1.41 net 

10009 Paper KII- Tubular metal case. 3 of each value 0.01. 0.025. 0.05. 
0. L,1 El .63 net 

B.H. COMPONENT FACTORS LTD. 
MULTIMETER U4341 

z ! Ranges plus Transistor Tester 
16 700`51 r Volt 
Vdc --O 3 --900V In 8 ranges 
Vac -1 5 --750V in 6 ranges 
Idc -0 06- -600mA in 5 ranges 
lac --0 3- -300mA in 4 ranges 
Resistance --2K !! --2M I! in 4 ranges 

- dc --2'i % 
ac -4 %of F S D 
hie -10 --350 in 2 ranges. 
Size - 1 1 5 o 21 5 x 90mm. 
Complete with steel carrying case, test 
leads and battery PRICE £12.10 net P &P 

a 

IIIII 
lb 
Accuracy 

91) 

75p 
04341 

MULTIMETER U4313 
33 ranges Knife edge with n rror scab 
20 00012, Volt. High accuracy. n1Vdc -. 
Vdc -1.5- -600V in 9 ranges. 
Vac-- 1.5 -600V in 9 ranges 
Idc --60- -120 microamps In 2 

Idc-0 6 -- 1500mA in 6 ranges 
lac- 0.6- 1500mA in 6 ranges 
Resistance- 1K.,1-- 1 MI! in 4 ranges r 
db scale --10 to + 12db 
Accuracy- dc- -1 Li'T. ac --2'h. 
Size -115 x 215 e 90mm 
Complete with steel carrying case test 
leads and battery ' 

PRICE E16.09 net P &P 75p 

MULTIMETER U4323 
i2 Ranges plus AF IF Oscillator 
20 00011 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 i at approx 1 

Volt Size-160 x 97 e 40mm 
Supplied complete with carrying case test leads and 
battery 
PRICE E9.95 net P &P 75p U)13,ß Ti i 

MULTIMETER U4324 
.54 Ranyes Hiyh sersbviry 
20 DODU Volt 
Vdc -0.6- t 200V in 9 ranges. 
Vac-- 3 --900V in 8 ranges 
Ric -0 06 --3A in 6 ranges 
lac -0 3 --3A in 5 ranges III 
iiiixistance--2512-5M12 in 5 ranges 
Accuracy -dc and R -21/2% of F.S.D. 

ac and db 4% of F.S. D. 
Sine -167 x 98 x 63mm. 
. Irplied complete with storarl,, case tesr 
leads. spare diode and batter, 
PRICE £11.72 net P &P 75p U432I 

(WW), LEIGHTON ELECTRONICS CENTRE, 59 
wKTe S-.._.,. LEIGHTON BUZZARD, LU7 7EG. 

116: Le'yh: ,n Buaeaui , i16 Std ,ode 052531 

NEW: 
Test Instruments 

MODEL 510 Exclusive Dynapeak e With 
Selectable Hi-Lo Drive For Accurate 
In- Circuit And Out -of- Circuit Transistor Testing. 

Fast GO /NO -GO in- circuit 
transistor testing 
Fast and thorough GOOD/ 
BAD out -of- circuit testing 

Test FET's and SCR's in- 
circuit or out -of- circuit 

MODEL 2803-Digit Portable Multimeter. 

Low price Easy to read 
Reliable -fully overload 
protected 
Large LED readoút 
Completely portable -use it 
anywhere! 

MODEL 283 35, Digit Multimeter. 

High intensity, high reliability 
3%2 digit LED display for 
maximum readability 
Selectable HI/L° ohms 
function allows in- circuit 
resistance 
Universal AC power supply 

For complete specifications and prices write: 

EMPIRE EXPORTERS Inc. 
270 Newtown Rd., Plainview, N.Y. 11803 

Cable Address.' EMPEXINC PLAINVIEW, N.Y. STATE 
Telex No 96 -7880 MORHAN EX PLVW 
WW -063 FOR FURTHER DETAILS 
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Appointments 
Advertisements accepted up to 
12 noon Monday, June 28, for 
the August issue, subject to 
space being available. 

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 Numtler in tie 
advertisement, c/o Wireless World, Dorset House, Stamford Street, London SEI 9LU. 
PHONE: Owen Bailey on 01- 2618508 or 01- 261 8423. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A.T. 

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 lush 
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. 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 vacancies at some of our 
coastal radio stations, so if you're 19 or over, write to: 
ETE Maritime Radio Services Division (L687), 
ET 17.1.1.2., Room 643, Union House, St. Martins -le- 
Grand, London EC1A lAR. 

Post Of fice TreDIeccommuinicatio n t 
93 

IMPERIAL COLLEGE OF SCIENCE 
AND TECHNOLOGY 

Depertrrtertt of Electrical Engineering 

DEPARTMENTAL 
SUPERINTENDENT 

Applications are invited from candidates 
with suitable experience for the post of 
Departmental Superintendent, Electical 
Engineering Department. 

Duties will include supervising the 
operation of departmental technical services 
and departmental records /finance office. 
The superintendent will have regular 
contact with over 100 departmental 
academic and technical staff, and with a 

wide range of college administrative staff. 
Proven administrative, supervisory and 
technical ability is essential. Salary in the 
administrative grade Il scale £5214£6446 
per annum plus £450 London allowance. 

Further particulars may be obtained from 
the Head of Department, Electrical 
Engineering Department, Imperial College 
SW7 2BT, to whom applications should 
be sent by 30th June, 1976. 

(5884) 

audio development 
engineers 

Grampian, a member of the Telephone Rentals group, manufacture a 
wide range of electronic and electro- acoustic audio and internal 
telephone equipment. We have vacancies for development engineers 
to work on all aspects of communications processing and audio 
distribution systems. We are seeking people with experience of 
analogue development work, preferably in the audio field, and 
possessing a high degree of motivation. In return for initiative we 
offer competitive salaries and generous Pension and Life Assurance 
schemes. 
For application form or further details please contact Mr. G. N. Turner 

irampian 
GRAMPIAN REPRODUCERS LIMITED 
The Hanworth Trading Estate 
Feltham, Middlesex TW13 6EJ 
01 -894 9141 

UNIVERSITY OF 
LIVERPOOL 

ELECTRONICS 

TECHNICIAN/ 
ENGINEER 

Required for the Electronics Workshop of 
the Department of Electrical Engineering 
and Electronics. This post would be suitable 
'or a person holding either HNC or C & G 
Final Certificate for telecommunications 
technicians, together with practical exper- 
ience of the lay -out of printed circuit boards 
and the use of linear and digital integrated 
circuits. The successful applicant will assist 
in the development and production of a 

wide range of instruments used in the 
teaching and research laboratories. 

Intial salary within a range up to £3207 per 
annum, according to qualifications and 
experience. 

Application forms may be obtained from 
the Registrar, The University, P.O. Box 
147, Liverpool L69 38X. Quote ref. 
RV/791 /WW. 

_t 
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TEST AND LIAISON 
ENGINEERS 

Wireless World, July 1976 

Ferranti in Edinburgh have a number of Ministry of Defence contracts nvolving the 
design and development of advanced avionic equipment for military aircraft in an 
international market. 

We have vacancies for test and liaison engineers who will probably be qualified to 
HN D level in electronic engineering with some years' experience in design, test or 
support of modern avionic equipment. A knowledge of digital and analogue techniques 
is essential. 

Close liaison with design /development teams currently engaged on inertial 
navigation and display systems will be necessary and the work will entail factory 
acceptance testing, fault diagnosis and system commissioning on a variety of 
sophisticated equipment. 

There will be opportunities for some of these engineers after a period of in -house 
training to be selected for technical liaison duties at locations in the U.K., Europe, Middle 
and Far East. 

The Company offers an attractive employment package which includes 22 days 
holiday and membership of a life assurance and pension scheme. Incoming personnel 
will qualify for housing under the Scottish Special Housing Association scheme and 
realistic assistance will be given with relocation expenses where applicable. 

Apply in writing giving details of age, experience and qualifications to: 
THE STAFF APPOINTMENTS OFFICER 
FERRANTI LIMITED 
FERRY ROAD 
EDINBURGH EH52XS FERRANTI 

Engineer 
Technicians 

EMI have all kinds of 
future for you at Hayes 

With several different EMI industries 
concentrated at Hayes, Middlesex, 
the Company offers you work on a 

wide variety of equipments - plus 
opportunities to win promotions in 
one direction or another without ever 
having to move out of the Hayes area. 

And, since the entire EMI Group is 

constantly expanding - and, indeed, 
looks likely to continue to expand for 
years to come - these opportunities 
may be expected to come up 
frequently. 
Recent practical electronics 
experience associated with 
maintenance, commissioning, fault 
finding, testing or calibration, either 
in industry or with HM forces is 

essential. 
Ideally, it will have involved 
work on advanced and 
complex electronic devices. 

Certainly you'll need a good 'technical 
background with ¡knowledge equivalent 
to,ONC. 
Given these minimum conditions, 
Engineer Technicians of all levels 
are required - 
and you're starting salary will 
faithfully reflect the experience you 
have accumulated to date. 

Terms and conditions of employment 
at EMI are everything you would 
expect of a major international 
organisation, and assistance towards 
relocation expenses will be 
considered where necessary. 

To apply, please write to Bill Clark, 
Personnel Department EMI Limited, 
135 Blyth Road, Hayes, Middlesex. 

Or telephone him on 
01 -573 3888 extension 639 
or Record -a -call anytime on 
01 -573 5524. i 

E M 
The internationalmus l c, electronics and leisure Group. 

Opportunities in the 

ELECTRONICS 
FIELD 

Persons with analogue or digital 
qualifications /exp. seeking higher 
paid posts in TEST, SERVICE, 
DESIGN, SALES: COMMUNICA- 
TIONS, phone Gary Bukay or Richard 
Swain 01 -637 0781. 

ATA SELECTION 5591) 

UNIVERSITY OF 

STRATHCLYDE 

ELECTRONICS 
TECHNICIAN 

(Grade 5) 

Applications are invited for the above post in 
the Department of Psychology The post 
involves the use, maintenance and con- 
struction of a wide range of electronic 
equipment for teaching and research This 
includes audio and video tape recorders 
projectors and other display devices. tape 
readers and solid state logical circuiting. as 
well as the usual range of electronic test 
equipment. 

The successful candidate will be expected to 
be able to take some responsibility for 
servicing and setting up equipment with 
minimal supervision. and should hold an 
0 N C or equivalent f ualdicanon and have 
7 -9 years' relevant experience 

Salary Scale t2751á2307 per annum 
with placing dependent on experience and 
qualifications 

Applications in writing, QUOTING 
REFERENCE P.33, giving details of age, 
experience and qualifications, should be 
made to The Personnel Officer, Univer- 
sity of Strathclyde, Royal College 
Building, 204 George Street, Glasgow 
G1 1XW. 

5556 
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A superb location 
- particularly for broadening professional and management skills 
with a 3 -year contract. This land- locked central African state, 
larger than France, Belgium, The Netherlands and Switzerland 
combined, has a congenial, equable climate and a wealth of 
fascinating scenery. Although mainly a broad plateau, Zambia 
also has spectacular mountains, dense forest, penetrating rivers 
and vast lakes as well as huge wildlife reserves. Large cities and 
towns containing all the usual modern facilities are linked by 
excellent road and rail services. Extensive natural resources, 
copper particularly, have provided the firm economic base for 
dramatic post- independence progress. Wide- ranging, expanding 
industries and substantial agriculture, which includes both crops 
and dairy farming, ensure the long -term continuation of 
Zambia's prosperity. 

Chief Engineer 
Qualifications: 

A relevant degree or status as a Chartered Engineer. Wide 
practical experience of sound and television broadcasting 
systems and knowledge of modern transmitter design and 
installation. 

Duties: 
The planning of general broadcasting developments, overall 
supervision, planning and development of all technical and 
administrative matters in the Engineering Division. Guiding 
and training of Zambian Engineers. 

Salary Scale: 
1(7200 x 204 - K7608 p.a. (C5414 - £5720) 

Supplement C4128 (Married) £2724 (Single) 

Maintenance Engineer 
(Radio transmission, Short and Medium wave) 

Qualifications: 
Final City and Guilds Certificate in Telecommunications or 
equivalent plus at least 8 years' experience with a Broadcasting 
Organisation with particular experience in the installation and 
maintenance of transmitters. 

Duties: 
The installation of medium and short wave transmitters and 
antennas ranging in power from 10Kw to 500Kw. He will also 
be responsible for maintenance of transmitters and will be 
expected to train local staff. 

Salary Scale: 
K4416 - K5136 p.a. (C3397 - £3862). Entry point will depend 
on previous relevant experience. 
Supplement C3060 -- C3540 (Married) 01710- 02136 (Single) 

Maintenance Engineer 
(TV Transmitters) 
Qualifications: 

As in above post. 
Duties: 

The operation and maintenance of TV transmitters operating 
in Band I and Band Ill. He should have wide experience to be 
able to train local staff. 

Salary Scale: 
K44I6 - K5136 p.a. (C3397 - C3862). Entry point will depend 
on previous relevant experience. 
Supplement /3060 - C3540 (Married) C1710 - C2136 (Single) 

Strong financial attractions 
- salaries plus TAX -FREE supplements, TAX -FREE terminal 
gratuities, low -cost accommodation, low taxation and free 
passages together add up to exceptional real earnings. Starting 
salaries relate to qualifications experience (the maximum of 
each scale i s shown), while gratuities total 25 of basic salary. 
Salary- related supplements are paid by the British Government 
to designated British nationals, (annual maximum is shown), 
while appointment grants. educational allowances, car loans, 
medical aid assistance and free holiday visits for children 
educated in Britain are also provided for those receiving 
supplements. N.B. Sterling equivalents given are approxima- 
tions only, due to constant exchange rate fluctuations. 

For further information please send full 
personal /professional details (without obli- 
gation), to: Recruiting Officer, Zambia High 
Commissión, 7 -1 I Cavendish Place, London, 
W.I. 

(5574) 
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Looking 

for 
a 

new 

job? 

Perhaps we can help! 

We have regular contact 
with hundreds of electronics and 

electrical companies needing 
qualified electronics engineers 

and technicians and TV service 
engineers. 

We can, therefore, help you to 
find an interesting and well paid 

job. All you need to do is to 
return the coupon below or give 

us a ring. Our service is 
confidential and costs you 

nothing. 

TJB Electrotechnical 
Personnel Services 
12 Mount Ephraim 

Tunbridge Wells, Kent 
Tunbridge Wells (0892) 39388 

CJ 

TJB Electrotechnical 
Personnel Services is a 
division of Technical & 
Executive Personnel Ltd. 
and is solely concerned with 
job placement in the 
Electronics and Electrical 
Industries 

Please note that this service is available only for 
engineers who are (or will be) available in the U.K. for 
interview. 

Please send me an "Application for Registration" form 
NAME 
ADDRESS 

(90) 
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Professionally 
frustrated? We can 
find you a new job. 

You know you're good but your present employers are apparently 
ignorant of the fact. Enough to make you look for a new job. 

Put your name on the Lansdowne Appointments Register and make it 
easy on yourself. Hundreds of employers use our register to fill 

their key jobs. And remember the best jobs are not always advertised. 
It costs nothing to take advantage of our help so you've 
nothing to lose and everything to gain. And our service 

is conducted in strictest confidence. 

So make sure you're 'in the know' by phoning 01 -579 6585 
or writing to Stuart Tait, Lansdowne Appointments Register, 

Design House, The Mall, London W5 5LS. 

Name 

Address 

Wireless World, July 1976 

flppointrn¢nts Register 

ww 14i6 

5603 

TELEVISION IN 
SOUTH AFRICA 

TELEVISION & ELECTRICAL DISTRIBUTORS LIMITED 
the MAJOR manufacturers of television receivers in 
South Africa, manufacturing and marketing the 
world- famous range of SONY and BLAUPUNKT colour 
and monochrome receivers, require more FIELD, 
BENCH and SENIOR TELEVISION SERVICE TECHNI- 
CIANS to join their already successful team comprising 
mainly of personnel from the United Kingdom. 
Ability, thoroughness, tact and willingness to get 
involved are essential requirements for these posts at 
locations throughout the Republic. 
This is a challenging opportunity for qualified and 
experienced RECEIVER SERVICE TECHNICIANS 
wishing to join a highly successful public company 
working on the latest television receivers employing 
advanced electronic techniques. 
Salaries range from R6000 (E3429) p.a. to R9000 
(£5143) p.a. dependent upon qualifications and 
experience. 
Financial assistance with immigration can be arranged 
for suitable applicants and the Company pays a 

settling -in allowance on arrival. A medical aid and 
pension scheme is in operation. Company vehicles are 
provided. 
Application and Immigration forms can be obtained by 
writing to Miss M. L. Fretwell, J. A. Ewing & Co. 
(London) Ltd., Ewing House, 108/126 Kings Road, 
Brentwood, Essex CM14 4EA. sa3 

RF ENGINEERS 

Vacancies exist for engineers and physicists to work on problems of 
electromagnetic interference - investigating generation of noise, modes of 
coupling and methods of control. The Electromagnetic Interference Laboratory 
is engaged in rf investigations for a wide range of sponsors covering problems 
arising in complex industrial systems as well as in ships, military vehicles and 
aircraft. The investigations are not confined to the laboratory and opportunities 
for travel could well exist in the future. There are several vacancies for which 
the qualifications range from HNC to Degree standard and although experience 
in radio frequency techniques is desirable, consideration will certainly be given 
to suitable applicants without experience. 

ERA is an independent engineering organisation specialising to the application 
of electrotechnology in industry, commerce and the public services. Located in 
pleasant surroundings and amenities include full canteen facilities and an active 
Sports and Social Club. 

Please write or telephone for an application form to: The Personnel 
Office, ERA Ltd., Cleave Road, Leatherhead, Surrey KT22 7SA, 
Leatherhead 74151. 

ERA 
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UNIVERSITY 
OF READING 

Department of 
Linguistic Science 

EXPERIMENTAL 
OFFICER 

required to be responsible for the 
technical services provided by the 
Phonetics Laboratory. Equipment 
in use includes PDP8E computer 
and a wide range of peripherals for 
spectrum analysis at audio fre- 
quencies. Applicants should be 
able to design peripheral and 
suitable interfaces and be familiar 
with audio recording up to 
professional standard. Equipment 
for CCTV, high speed photography 
and electromyography will be 
acquired shortly. Maintenance of 
all equipment is carried out within 
the laboratory. 
Salary within the range 
L2766 -£5418 per annum accord- 
ing to qualifications and exper- 
ience. 
Apply with full particulars and 
names of two referees, quoting 
Ref. TWW23A, to Assistant 
Bursar (Personnel), University 
of Reading, Whiteknights, 
Reading, Berks. RG6 2AH. 

IMPERIAL WAR MUSEUM. Depart- 
ment of Sound 'Records. Applicants 
are invited for a post which in- 
volves a variety of both technical 
and Ilbrary-type duties. The De- 
partmeM of Sound Records has a 

wide range of professional equip- 
ment and facilities and the post 
would suit a young person interest- 
ed in working in the audio field. 
Full training will be provided by 
an experienced Audio Technician. 
Candidates must have a strong 
technical aptitude and be capable 
of careful and systematic work. The 
post is graded Library Assistant 2 
and the starting salary Is from 
£28.15 at age 16 to £45.21 at age 
23 and over rising to £50.91. A Pay 
Supplement ranging from £4 ow at 
age 16 to fd pw at age 18 and over 
is payable in addition. Leave is 3 
weeks 3 days per year. risine to 
4 weeks after 7 years' Service. 
There are prospects of pe'rm'anent 
and pensionable employment. 
Please apply in writing to the 
11ttabltshment Officer. Imoerlal War 
Museum Lambeth Road. Londo, 
SEt 6HZ. (5570 

TEST 
ENGINEERS 

S. LONDON 
UP TO £2,800 p.a. 

Dolby Laboratories is a young, 
go -ahead company with a 
world -wide reputation for their 
audio noise reduction system. 

Test Engineers with a good 
understanding of basic circuits 
are required to test and trouble- 
shoot professional audio P.C.B.s 
and equipment. This is interest- 
ing and well paid work. We give 
over four weeks' holiday per 
annum. 

Write or phone: Mr. C. Keys 
Dolby Laboratories Inc. 

346 Clapham Road 
London, SW9 

Tel. 01 -720 1 1 1 1 
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A Great opportunity fòr 

TV Engineers 
in South Africa x;4800+ 
With the introduction of Television into 
South Africa, OK Bazaars are busy 
capturing the major share of the market. 
As the largest retail organisation in 
southern Africa we're building up a 

comprehensive and professional TN' 
service operation and with our extensive 
involvement in this exciting new 
development, we are able to offer 
outstanding prospects to experienced 
personnel. Many British Technicians 
who started with us less than 12 months 
ago are already in management and senior 
technical positions and we now need to 
enlarge our already substantial staff by 
appointing additional Technicians in 
various centres throughout the Country. 

Initially, the work will entail carrying out 
repairs in the field and in the workshops, 
keeping records of time and materials 
involved and feeding back information 
to management on recurrent faults and 

defects in apparatus. 

Essential requirements are a recognised 
apprenticeship or training course on 
radio and TV servicing and at least three 
years' experience in colour TN'. 
Applicants should also possess a City 
Guilds Final Certificate in radio and 
TV with RTEB colour endorsement or 
an equivalent qualification. 

Salary will be at least,E4800 per annum 
with an extensive range of fringe 
benefits including Company assisted 
pension and medical aid schemes, full air 
passages, initial hotel accommodation 
and relocation allowances. 

Interviews will be held in the UK, so 

write now with details of age, 
qualifications and experience to OK 
Bazaars, 20, Soho Square, London 
NV 1 A IDS, including a telephone 
number where you can be contacted. 

Live and work in the sun 
554, 

TEST /SERVICE 
ENGINEER 

Able to work on own 
initiative with digital cir- 
cuitry. 

Please telephone or write: 

MORFAX LIMITED 
Willow Lane 

Mitcham 
Surrey CR4 4TD 

01 -648 7040 
(55991 

CAPITAL 
APPOINTMENTS LTD. 

FIELD SERVICE ENGINEERS 
(ELECTRONICS) 

II you re not earning over £3,500 
p a plus a car - then you had better 

Contact US, 
15540) 

34 Percy Street, London. W.1 
01 -636 9659 (day) or 
550 0836 (evening) 

Opportunities in the 
ELECTRONICS 

FIELD 
We have selected from many 
vacancies' those which offer ex 
ceptional career prospects and 
jub interest. If you haveexperi 
ence in design, test, sales or 
service and wish to progress 
your career, please telephone 
Mike Gernat B.Sc. who isadvi, 
ing on these opportunities. 

E.M.A. Management Personnel Ltd. 
Burne House, 88/89 High Holborn 

London WC1V 6LR 
01 -242 7773 

ENERGETIC 
YOUNG DOGSBODY 

with some electronics training (or 
better, experience!) required as 
assistant in maintenance department 
in enterprising recording studio. An 
exacting position with good prospects 
for an intelligent and conscientious 
person. CONTACT ROB HAGGAS, 
01- 5861271 (5589) 

THE OPEN 
UNIVERSITY 
FACULTY OF 
TECHNOLOGY 

Research Post in 
Telecommunications 
The research topic is in the field of 
telecommunications and the vacancy 
is for a suitably qualified graduate 
based at Walton Hall. The successful 
applicant will be concerned with the 
development of a low-cost acoustic 
modem for use with remote teaching 
terminals that are presently under 
development at the Open University. 
It is envisaged that the project will 
involve considerable use of comput- 
ing and microprocessor technology. 
The salary is on the scale 
£2766 -£3990 per annum plus 
U.S.S. benefits. 
Application forms and further parti- 
culars are obtainable. by postcard 
requests only please. stating sender's 
name and address, from the Person- 
nel Manager (RT3), The Open 
University, P.O. Box 75, Walton Hall, 
Milton Keynes MK7 6AL Telephone 
Milton Keynes 63868 9 Closing 
date Monday. 28th June 1976 
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111 
A superb location 

- particularly for broadening professional and management 
skills with a 3 -year contract. This land- locked central 
African state, larger than France, Belgium, The Netherlands 
and Switzerland combined, has a congenial, equable climate 
and a wealth of fascinating scenery. Although mainly a 

broad plateau, Zambia also has spectacular mountains, 
dense forest, penetrating rivers and vast lakes as well as 

huge wildlife reserves. Large cities and towns containing 
all the usual modern facilities are linked by excellent road 
and rail services. Extensive natural resources, copper 
particularly, have provided the firm economic base for 
dramatic post -independence progress. Wide- ranging, ex- 
panding industries and substantial agriculture, which in- 
cludes both crops and dairy farming, ensure the long -term 
continuation of Zambia's prosperity. 

Radio Engineer - Aviation 
Up to K4416 (cL2870) 

Supplement E2898 (married), L1596 (single). 

Requirements: 
either 5 -year apprenticeship, service trade certificate, ICAO 
certificate or equivalent; knowledge of medium- powered 
HF transmitters, frequency key shifting, SSB and equipment, 
medium -frequency non -directional radio beacons plus low 
and high -powered VHF AM equipment; and knowledge of 
either (a) VHF, omni- range, automatic VHF, direction 
finders, distance measuring equipment, (b) instrument 
landing systems, (c) radar X -band terminal and PPI talkdown 
equipment, (d) audio and remote control equipment, public 
address equipment, airport magnetic type equipment, inter- 
office communications, underground control cables, impulse 
and DC switching systems or (e) teleprinter telegraphy 
(torn tape) and associated page printers, tape recorders 
(auto heads), printing reperforators, semi -automatic 
message switching systems. 

Responsibilities: 
installation /maintenance /overhaul of ground terminal radio 
communication equipment and navigational aids. 

Senior Radar Technician 
Up to K5136 (cí3862). 

Supplement £3156 (married), L1806 (single). 

Requirements: 
G & GC Level with specialisation in radar or Electronic 
Engineering Diploma. 

Responsibilities: 
Controlling a small team operating the Meteorological 
Department's electronic equipment; training, manual 
drafting, involvement in obtaining new equipment and 
establishing an instruments laboratory and workshop. 

Strong financial attractions 
- salaries plus TAX FREE supplements, TAX FREE terminal 
gratuities; low -cost accommodation, low taxation and free 
passages together add up to exceptional real earnings. 
Starting salaries relate to qualifications /experience (the 
rgaximum of each scale is shown), while gratuities total 25 " 
of basic salary. Salary -related supplements are paid by the 
British Government to designated British nationals, (annual 
maximum is shown), while appointment grants, educational 
allowances, car loans, medical aid assistance and free holiday 
visits for children educated in Britain are also provided for 
those receiving supplements. 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), to: Recruiting Officer, Zam- 
bia High Commission, 7-I I Cavendish 
Place, London, W.I. 
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INTERNATIONAL FIELD 
SERVICE ENGINEER 

Required for our International Mass Spectrometer Service 
Division based in the U.K. A sound knowledge of modern electronics is 

essential and a working knowledge of high vacuum systems would be 
an advantage, although training will be given. Applicants should 
possess City and Guilds or equivalent qualifications. Due to the 
extensive travel involved, the position is probably more suitable for a 

single person aged between 20 and 30 years. 

The Company is internationally renowned for the quality of its products 
and offers excellent working conditions, including company car, 
pension scheme, superannuation and profit sharing bonus scheme. 

Write or telephone for an application form. 

Service Manager 
G Division 
LKB Instruments Limited 
232 Addington Road 
Seisdon, South Croydon, Surrey CR2 8YD 

01 -657 8822 
15587, 

G.R. International Electronics Ltd 

is seeking an 

ELECTRONICS ENGINEER 
Experienced in the design of consumer audio equipment with particular 
emphasis on current tape- recording and /or radio receiving techniques. 

The position offered is membership of a small but busy design team. The 
successful applicant will be able to work with a minimum of supervision under 
the direction of the Chief Engineer Qualifications are of secondary importance to 
the ability and willingness to get the job done. The company is situated in a very 
pleasant part of Central Scotland, with many and varied sporting and social 
facilities, including an active sports and social club on the company premises. 

Removal expenses will be re- imbursed, and where applicable. assistance in 
re- housing will be given. 

Please write in the first instance; giving details of age. experience, marital status 
qualification and current salary, to 

Mr. J. Bandeen 
G.R. INTERNATIONAL ELECTRONICS LTD 
Almondbank, Perthshire, Scotland, PH1 3NQ 

Broadcasting & Television 

Project Staff 
As consulting engineers we are compiling a register of 
professionally qualified broadcasting and television 
engineers who would be willing to undertake assignments 
in the UK and overseas on contract terms for short periods 
of from 3 to 12 months in connection with preliminary 
planning, feasibility studies, systems designs, project 
management, supervision of installation and acceptance 
testing of broadcasting and television studio and 
transmitter projects. 

Applicants should have experience of the planning and 
installation of such projects, preferably gained overseas. 
Experience limited to operations and maintenance will not 
be acceptable. 

Interested applicants should send brief details of relevant 
technical qualifications and experience to 

Engineering Services Division, 4 Millbank, London SW1P 3JD 
quoting reference Q1011/4/2/WF 
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LEICESTER POLYTECHNIC 

School of Chemistry 

ELECTRONICS 

TECHNICIAN 

To be responsible for (a) the design, 
development and construction of 
prototype electronic equipment for 
chemical applications: (b) the main- 
tenance of existing equipment. 

Successful applicant must have a 
knowledge of analogue and digital 
electronics and will probably have at 
least two years' experience 
subsequent to taking a Full Techno- 
logical Certificate, HND, or a degree 
in Electronics. 

Salary: £2,922 -3,702 per annum, 
plus additions for certain qualifica- 
tions. 

Apply in writing, giving full details. 
to Staffing Officer, Leicester Poly- 
technic, P.O. Box 143, Leicester LE1 
9BH. (5 56 51 

Kingston Polytechnic CCTV 
Unit 

ASSISTANT 
ENGINEER /PRODUCER 
for the maintenance and operation 
of N cameras and recording equip - 

ment.The ability is required to help 
staff and students in preparation 
and making of short TV pro- 
grammes. HND electronics or 
applied physics or equivalent 
necessary plus keen interest in 
photographic presentation prob- 
lems df TV work. 
Salary grade AP3 /4 

£2922- £3702+ £261 London al- 
lowance. 
Application form from Assistant 
Registrar, Kingston Polytechnic, 
Penrhyn Road, Kingston upon 
Thames KT1 2EE. 01 -549 1366. 

(5580, 

AGENTS REQUIRED to sell quality 
electric soldering instruments and 
ancillary equipment to Industry. 
Commission only basis. Suit per- 
sons selling allied products who 
require additional income. Good 
potential. Bo); No. WW 5600. 
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Electronics 
Development 
Engineers 
Mechanical X -ray power sources for EMI -Scanner systems - 
A challenge to your electronic ingenuity. 

Pantak (EMI) of Windsor are world- leaders in production of 
X -ray equipment, and supplythe sophisticated high voltage power 
source units for the internationally acclaimed EMI -Scanner. 

Continuous development plans include refinement of the power 
sources to permit a degree of operational accuracy approaching 
nil tolerance.To achieve this, the Company's development 
engineering staff, housed in a new production block, is to be 
increased by several electronics engineers. 

Although this is a highly specialised work itrequires broadly 
based, non -specialist experience in electronics development and 
the abilitytofulfil a wide variety of functions, such as production 
liaison and design and development of own test equipment. 
Engineers selected will be expected to work on their own initiative 
with very little supervision. 

Senior Engineers should have HNC or degree -level 
qualification and a minimum of 5years' electronics development 
experience. Junior Engineers require at least ONC and 2 years' 
electronics development experience. 

Salaries will take full account of experience, ability and 
qualification. Successful candidates will enjoy EMI Group benefits 
- including future opportunities for advancement, not only with 
Pantak, but also with other companies in the Group. Relocation 
expenses will be paid where appropriate. 

Pantak is easily accessible from the M4 (Junction 6), A4, A332 
and A355, and parking space is ample. 

Applicants of either sex will be considered. 
To apply, please telephone or write to Geoff Smith, Pantak 

(EMI) Limited,Vale Road,Windsor, Berks SL45JP.Telephone 
Windsor (95) 55611 or 55028. 

A member of the EMI Group of companies. 

The international music, 
electronics and leisure Group. 

EMI 
(5577) 

antak 
A leading Radio Manufacturer in 

JOHANNESBURG, SOUTH AFRICA 
requires an experienced 

DEVELOPMENT ENGINEER 
Responsible to the Chief Engineer, but able to work on his own initiative, on radio development 
work. 

Applicants should be qualified to at least HNC /HND, and are unlikely to have less than five years' 
production experience in the domestic radio field, including a close association with design and 
manufacturing activities. 

The requirement above else is for a practical engineer with both the ability and experience to make 
a genuine contribution to the engineering team. 

Salary: £6000 with additional benefits including pension and sickness scheme together with full 
assistance with relocation. 

Apply now with full details of your.qualifications and experience to Mr. T. Willis 

P.O. Box 43121 
IN DUSTRIA 

2042 
S.A. 

(5592) 

CIRCUIT DESIGN ENGINEERS 

SYSTEMS TEST ENGINEERS 
SALES AND CONTRACTS 
ENGINEERS 

MALLA 
TECHNICAL STAFF 
334 Euston Road 
London NW1 38G 
01- 3871043 (52431 

ELECTRONICS 
TECHNICIAN 

AREA MEDICAL PHYSICS 
DEPARTMENT Iccated at the Not- 
tingham General and University 
Hospitals and Medical School 
requires a technician for a key position 
in the Electronics and Instrumentation 
Section which is involved in research 
and development projects, equipment 
evaluation and servicing. 
Applicants should have qualifications 
of ONC or HNC or equivalent and 
relevant experience though not 
necessarily in medical electronics. 

Salary £2931-£3834 + £312 
supplement to earnings. 

Further details from Area Chief 
Technician. Tel. (0602) 46161, Ext. 
641. 
Application form from Sector Admin. 
istrator. General Hospital, Park Row. 
Nottingham. 

(55961 
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Training Officer 
(Audio) 
RETAIL SALES STAFF 
The range of audio merchandise being sold in our retail branches is becom- 

ing increasingly complex and sophisticated, extending from simple transistor 

radios to expensive music centres. This situation is making greater demands 

on the sales staff concerned, both in the form of basic product knowledge 

and in answering queries from increasingly knowledgeable customers. 

We wish to appoint an Audio Trainer, who will be responsible to the Train- 

ing and Development Manager for the training of retail branch staff. The 

successful applicant will probably be aged under 40 and could come from 

one of a variety of backgrounds, but the ability to communicate technical 

ideas in a simple language, a knowledge of electronics and enthusiasm for 

the subject is essential. Evidence of a stccessful record in education and /or 

training will be expected. The appointment is based at our Nottingham Head 

Office, but a limited amount of travel and some evening work will be in- 

volved. It is open to male and female candidates. 

Conditions of employment are first class and include a Profit Sharing Bonus 

Scheme. 

Please apply in writing to : John Hobbs, Employment Services Manager, 

The Boots Company Ltd 
Station Street, 
Nottingham NG2 3AA. 

6579 

ELECTRONICS DESIGNER. We are 
a small company situated in S.W. 
London. We require a designer to 

workingron professional equipment. 
He /she will design new circuitry 
and update present equipment in 
the digital, analogue and audio 
fields. Some experience in similar 
areas is essential. The Company 
operates a profit sharing scheme. 
Telephone Mr Hamill on 01-542 1171 
for an application form. (5585) 

LEICESTER POLYTECHNIC 
School of Chemistry 

ELECTRONICS TECHNICIAN 
To be responsible for (a) the de- 
sign, development and construction 
of prototype electronic equipment 
for chemical applications; (b) the 
maintenance of existing equiplment, 
Successful applicant must have a 
knowledge of analogue and digital 
electronics and will probably have 
at leash two years' experience 
subsequent to taking a Full Tech- 
nological Certificate, HND, or a 
degree in Electronics. 
Salary: £2,922- £3,702 p.a., plus 
additions for certain qualifica- 
tions. 
Apply in writing, giving full de- 
tails, to Staffing Officer, Leicester 
Polytechnic P.O. Bbor 143, Leices- 
ter, L'E1 9$H. 

(5565) 

MANCHESTER POLYTECHNIC, 
Educational Services Unit. Tele- 
vision Engineer. Applications are 
invited from candidates having 
technical qualifications such as 
HNC or appropriate City and Guilds 
certificates with experience in the 
servicing of closed circuit television 
equipment of all types. Television 
studio experience preferred but not 
essential. Salary scale: Technician 
4 £3,366 -£3,702. For further parti- 
culars and application form (re- 
turnable by 31 July 1976) please 
send a self- addressed envelope 
marked " T/304 " to the Secretary, 
Manchester Polytechnic, Lower 
Ormond Street, Manchester M15 
613X. (5597) 
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PyeTVT Limited 

n..,l....n. !t.t.t.t.t.t.t.t. [ [ [ 

ASSISTANT EXPORT 
AREA MANAGER 

Pye TVT, already one of the world's largest suppliers of radio 
and television broadcast equipment, is further expanding its 
already very substantial export business. To assist with this 
expansion, it is now seeking a young broadcast engineer as 
Assistant Area Sales Manager for Africa. 

The engineer will give substantial back -up to the two Area 
Managers for Africa by handling technical /commercial 
correspondence and discussions with customers and agents 
visiting the Company. 

Occasionally the engineer will be required to travel to the area 
for further discussions. 

An HNC or equivalent in electronic engineering is desirable with 
some experience of broadcast operations and a working 
knowledge of French and /or Arabic would be an advantage. 

The position offers career prospects with a progressive salary 
and benefits including pension scheme with life assurance. 
Assistance with removal expenses will be given in approved 
cases. ' 

Please telephone or write for an application form to Mrs. J. A. 
Macnab, Personnel Manager, Pye TVT Limited, PO Box 41, 
Coldhams Lane, Cambridge CB1 3JU. Telephone Cambridge 
45115. 

(5545) 

PO Box 41 Coldhams Lane Cambridge England CB1 3JU 
Tel Cambridge (0223) 45115 Telex 81103 ove TV cAmect 

Wireless World, July 1976 

Staffordshire Area Health Authority 
Mid -Staffordshire Health District 

STAFFORDSHIRE GENERAL 
INFIRMARY 

ELECTRONICS 
TECHNICIAN 
Salary f2931-£3834 
in 7 Annual Increments 

This is an interesting new post established 
to provide a maintenance service to the 
District for a wide range of medical and 
engineering electronic equipment. 

Applicants shall be qualified to O.N C 

preferably H.N.C. (Electronics) standard and 
have had considerable experience in the 
maintenance of electronic equipment as 

found in the Health Service. 

Applications Forms and Job Description 
from Mc C. 8. Denne, District Works 
Officer, Mid Staffs Health District, coton 
Hill Hospital, Weston Road. Stafford. Tel 

Stafford 57238. 
155641 

RADAR /RADIO 
ENGINEER 

REQUIRED 

Duties will include the maintenance 
of Airport ground radars, navigational 
aids and communications equipment 
Technical qualifications are desirable 
and it is essential that applicants 
should have considerable experience 
and be capable of working without 
close supervision. 

Salary scale £2529 -£3282 plus shift 
allowance. Salary claim pending - 
additional £312 p.a. anticipated from 
1st July. 
Written applications, giving age, 
experience and qualifications, to 
the Airport Commandant, Munici- 
pal Airport, Southend -on -Sea, 
Essex. .6563. 

THOMSON FOUNDATION 
TELEVISION COLLEGE 

require 

ENGINEERING 

LECTURER 
To join a team in the training of senior 
engineering staff from overseas 
television stations, in studio and 
transmission equipment, mainten- 
ance and operations. The post will be 
based in Glasgow with occasional 
overseas visits. 
Minimum Qualifications: H.N.C. 
City & Guilds Full Telecommunica- 
tions Certificate or equivalent: 3 

years' professional broadcasting 
experience. 
Salary: £4,266£5,256 incremental. 
Contributory pension scheme. 
Application forms from: The Princi- 
pal, Thomson Foundation Television 
College, Kirkhall House, Newton 
Mearns, Glasgow G77 5RH. 155691 

MEDICAL PHYSICS TECHNICIAN 
GRADE II for Guy's Hospital De- 
partment of Clinical Physics & 

Bioengineering. He /She will be a 
member Of a team of Physicists 
and Technicians engaged in a 
variety of Clerical instrumentation 
projects. ONC /HNC or higher quali- 
fication requited, plus 2 years elec- 
tronics experience in NHS Techni- 
cians Grade ITT. Salary scale 23,558- 
£4,581 plus £312 London Weighting. 
plus £6 per week. Apply to Person- 
nel Department, Guy's Hospital'. St. 
Thomas Street, London SEI 9RT. 
Tel. 01-407 7600, Eat, 3462. (5578 

TRAINEE ENGINEER required by 
broadcast television oti 
company. Applicants should have 
electronic engineering background, 
preferably associated with tele- 
vision and a keen interest in pro - 
duction. Ring John 1Heed1e 01 -734 
9151. (5571) 

www.americanradiohistory.com

www.americanradiohistory.com


Wireless World, July 1976 131 Classified 
ARTICLES FOR SALE 

PRECISION 
POLYCARBONATE 

CAPACITORS 
All Ilka. CI.rhJrt - 1 

;11,.0 ,.h 1 044 

440% 

RA\l.E: DI\IF:\tiIO.\s 
ALL F. (n1m) PR 1( 1 8.f\H:utgr I'S, 
(E) L I+ TACK 

0 .I4F C' 12.7 51p 047F 67p Sllp 431, 
1122r'F :i:I If 64p 

I nef 62P 62p .52p 
0.251rF :l3 16 67p ,2)1 98p 75p tilp 
1/474F 3.3 19 60p 4 7"F LI.62 LI.I3 94p 
II.Sr'F :£I 19 67p s.1) 11.96 £I.:1+ L1.1:4 
0.68(+F 50 6 19 93p i10t 12.40 L'1.924 LI.64 
100- :0.8 19 £I.u:1 1:571 L3.22 t2.79 02.24 
2lM,.F 511.6 2.54 L1.44 ,,,F 64.26 L3.6k 1::3.08 

IA\1ALl\I BEAD AVM. HORS - Value. 
. mailable 0.1. 1122. 047. 111. 2.2. 48. 6.0.F a 

ISV 25V or 35V. III.,F at 16V, 211V or 25V: 221IaF at 
IiV or 165''. 330aF at 6V or 104,), 47-111'F at 3V' iir fiV. 
II61164Fat3V AU. at 10pvach l0 for .9.1p.:#1 for U. 

TRANSISTORS & IC.s 
AC128 14p BC268A :484'1 (x'71 I2p 
AC176 16p B('537 556Al2p 2,N2926(i IYp 
AD149 40h1 RC'Y72 121+ 2N2926(7 I lp 
AF178 i0p BI)131 132:39p 2N2926Y Ilp 
AF239 36p 8F115 167'2'2p '2N3054 65p 
8('1117 6 9 9p 11F173 24p 2N:6155 lip 
BC114 12p HF178 16p 2\37112 
BC'147 8 9 10 BFI84 22p :37144 Ilp 
RCIS3 154 12p 13E194 I65 12p TIP36A 52p 
BCI57 8 9 12p -BF16i,197 IYp TIP:IIA .iip 
BC177 Ihp BF2011 27p TIP32A 64p 
BC PG 1821.11p 13E262 263 60p T1173055 55p 
B('16.3 IKILI Ip 8F5'511 51 5220p MPl'l31 49p 
13C184 1841.12p 13FXS4 86 )120p NI55:5 81p 

'13('2I2 2121.14p 8F7(85 2614 7411 :12p 

BC213 213L11 116101 41p 7.N414 Ll.l-4 
'8('214 214LIIp 0E1'872 '-'.+p tiN7f1013ND 
BC2f7 12p 'OC44 (K'45 14p L1.511 

VOVL LAR DID )F1+-I N914 tip, 8, r 13p. I8 for 
90p: 1 N91 fl /4p.11 for 45p. 14 lnr 90p: 154-1 5p. I I for 
50p. 24 for LI.00: 154148 5p. H for 27p, 12 for 46p: 
IN41101 5'tp: I0' 6p: I61:1 li'ep: 164 .p; 006 Sp; 11(17 

IoÑ' PHI( E LE\F.R DI()UF.S-400M W l ol -- 
:05 e mA. Values: r:nlnbl:4\'.:113V 3liV.4 7V , I;S. 
56V.62V.6.6V 75V 824' 9.IV. 111V. II\' I.'\ 
I:IV. 14 55'. 15V 16V - 18V' 211V 225).24V 274' Stil 

All al 7p each. 5 tor :33p: 10 for 65p. tipF.CI.AL. 
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RESISTORS-High .Iah1111, lo noise c:ilh,o, 
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251:4 
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SILI(\PL:VSn( Kl( nFIFRS-15 amp .brand 
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PLFSE ADD 15p POST AND PACKING ON ALI. 
ORD1 RS BELOW l'S. AU. EXPORT ORDERS 
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MARCO TRADING 
(Dept. D1) 

The Old School, Edstaston. Nr. 
Wem Shropshire 

Tel. Whixall (Shropshire) (STD 
094872) 464/5 

11'0 pn. V)'nic11.1 fr.,d'ng 13d 1 

ORCHARD 
ELECTRONICS 

I.C.s. TTL. CiMos. Linear. Capacitors. Resistors 1E121 

SIVRectiliers. Diodes. LEO. Thyristors. Zeners 
Voltage Reg. DIL Sockets. Bridge Rectifiers 
Potentiometers. Presets. Triacs. Thar. Plugs. Sockets. 
Cable. Vera. Carefully selected range. excellent 
despatch service. same -day turn round. 

S.A.E. List: Orchard Electronics. Flint House, 
High Street. Wallingford. Oxon. Tel: 0494 
35529. 
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LICENCE OFFERED 

ACOUSTICALLY ADJUSTABLE 
LOUDSPEAKERS, We wish to ap- 
point licensees to manufacture the 
world's first Monitor Loudspeaker 
with acoustic adjustability: the 
revolutionary Olnal Ambionic TL6. 
It has no competition and its many 
unique features include a variable 
transmission line (patented) flit ing 
uncoloured sound reproduction of 
outstanding quality. For full details 
(Principals only), write to:- 
Managing Director, Omal Group 
Ltd., Omal House, North Circular 
Road, London, NW1O 7UF. England. 

IBM GOLFBALL 
735 I/O 

TYPEWRITERS 
Coding similar to EBCDIC 

will accept normal or sprocketed paper 
Supplied in working order with photo copy 
of IBM interface manual Each machlnr 
serviced and tested. 

E100 + 8Y VAT 
As above but modified to take office range 
of golf balls L 118 + 8% VAT (including new 
golfball). UK delivery by Securrcor 
packing £7.50. Overseas air freight or 

surface at cost 

RELAYS 
Varley 2p c/o 1850 65p (12p) 
Varley 2p c/o 2800 65p (12p) 
PXB 2p c/o 1500040p (12p) 
BNC Free SKT BL L1339/J 35p (10p) 
BNC Chassis SKT SCRND L1339/FS 35p 
(10p) 

PAPST (or similar) Fans 41/2 x 41/2 x 2 o 
100 c f m 50 60 £3.50 (65p) c/s 

ELECTROLVTICS 
10.000 63v E1 (30p) 2.800.. 100v 70p 
(25p) 2240.1 100v 70p (25p) 4.000., 35v 
50p 20p) 2.000.. 50v 35p (11p) 4,000.. 
70v 80p (25p) 10.000:0 16v 50p (20p). 

EX COMPUTER PC PANELS 2 x 4" 50 
boards E2.40 (62p) 
QH bulbs 12v 55w 6Op (10p) 
'250 mixed resistors 60p (18p) 
'250 mixed Capacitors 60p (18p) 
'Small electrolytics 

2.2. 10v. 10. 35v 50. 40v. 100. 40v, 
100. 6v, 150. 10v. 64. 10v, 300. 10v, 
200. 10v 12 for 45p (12p) 

'PIHER PRESETS 100mw 
220. 470. 1K 447. 10K. 47K, 100K, 
220K. 12 for 50p (12p) 

Reed relays 6v coil h/d contacts 5 for £1, 
(20p) 
Reed Inserts h /d contacts 10 for £1 (12p) 

TRANSFORMER 6v 500mA 75p 11801 

TRANSFORMER 31v 33OreA 60p (30p, 

Add 25% VAT to hems marked ' others 
8% 

KEVTRONICS 
Shop open Monday to Saturday 

9 30 arm .2 p.m. 
332 Ley Street, Ilford, Essex 

01 -553 1863 
(55461 

THE SCIENTIFIC WIRE CO 
Copper - Nickel -- Chrome - Eureka 
-- Litz - Manganin Wires 
Enamelled -- Silk - cotton -.- Tinned 
Coverings. 

* No minimum charges or quantities 
*Trade and export enquiries welcome 
*S.A.E. brings List 

P.O. BOX 30, LONDON E4 9BW 

VALVES RADIO TV TRANSMIT- 
TING INDUSTRIAL 1936 to 1975 
many obsolete types, list 20p s.a.e. 
for quotation. Postal export ser- 
vice. We wish to buy all types of 
valves new and boxed. Whole- 
salers. Dealers, etc. stocks pur- 
chased. Cox Radio (Sussex) Ltd., 
The Parade East Wittering, Sussex. 
West Wittering 2023. (5392) 

CRYSTALS 
Fan delivery of prototype aod prodaclion 45.5)111.5 in your 
spacrlicaboe. ES 

1001012 0005 °. HC1310 C2.50 ehret £1.900 per IMO 
1 Mlle 0105 °° IC6N E2.50 Back E1.600 per I.WO 

2.097152 M87 0 M25 °. IC6J0 E3.05 ach [1,550 per 1.000 

3 2168 MI7 0.0025', K A E2.70 ach E1.500 per 1.000 
10 M0 0002'. 11018 11 [2.00 each El 100 pet 1.060 

Als) Sialek Lr rryStAls 10 b na, 4a9a a,.. 
,rk frequent. , the range 10 240 KHt 

10 17 8 15.:184 32 768 6 100 NH/ pores Ire. 
55 each 21 400 per 1 000 

Please send for (Trifler dera3s 
INTERFACE QUARTZ DEVICES LTD., 29 
Market Street. Crewk erne, Somerset. Tale 
phone: (046031) 2578 Telex: 46283 

VALVES WANTED 

VALVES. Good prices. Types CV2797 
CV279H, CV2792, CV2130 CV2131. 
CV345. CV450. Phone 021 -373 4357. 

(.5522 

EXCLUSIVE OFFER 
WORLD -WIDE RANGE 

NEVER BEFORE OFFERED 
PHILCO HC -150 POINT -TO -POINT STRIP 
RADIO HF RECEIVERS 2130 m /cs. Ten fully 
tuneable channels to 0.5 kcs with synthesisers. 
Single and diversity reception on 1SB. DSB, SSS 
with 4 sub -bands to each channel. Furl details and 
prices on application. 

HIGHEST QUALITY 19" 
RACK MOUNTING CABINETS 

& RACKS 
CABINETS 

Our 
Ref 

Height Width Depth 
Rosh Pa el 

in iris n ins n ins -n ins 
CR ES 30 20 - £24.00 
FA 85 22 36 160 £22.00 
FC 52 15 22 47 £17.00 
FFI 15 21 17 II C12.00 
FJ 15 21 15 12 £12.00 
LL6 II 21 17 9 E15.00 
L.7 16 20 12 14 £15.06 
LIB 10 20 10 9 E15.00 
L19 17 21 17 14 E15.00 
LLIO 52 21 18 46 £15.06 

Also Consoles. twin and multi -way Cabinets 

OPEN RACKS 
Rack 

Height Channel Panel 
in ens Depth Space Base 

66 2 51 14 

Full details of all above on request 

Pncr 

our 
Ref 
RG 

Price 
E9.00 

we have a large quantity of "bits and pieces" we 
cannot list - please send us your requirements, we 
can probably help - all enquiries answered. 

Belling Lee 75ft. Sky Tower. self supporting E475.00 
Rhode & Schwarz SBR sig gen. 1.6/2.4 grnc . E70.00 
Ainnec 702 sig gen 30 cyc 30 kcs £26.00 
Muirhead D669 Analyses £70.00 
S.E.4000 System Units P.U.R. 
Large Aerial Turning Units P.U.R. 
Muirhead Hydraulic Relays P.U.R. 
Lavoie OS.62 Oscilloscopes 115v 15 rives £65.00 
S.T.C. Re 5 Receivers 0.5/25.0 m /cs Dual. 
Dirty £90.00 
45 feet Uniradio 4 Co-. 50 ohms E2.00 
Stelma RTT Scopes E20.00 

* Baluns Professional Exterior 600/75 ohms £8.00 
Telegraph Distortion Test Sets 00.00 
25h Telescopic Aerial Maats £24.00 
Advance LI Signal Generator 300 /1000 m /cs £70.00 

* Addo 5/8 Track Tape Punches £48.00 
Digital Cassette Recorders 4" 1000 bps £250.00 
OS-8 Oscilloscopes 115v C30.00 
1600([ 16 m/m Film Spools ally (unused) 

10 for £4.00 
Quality electric Weather Vanes 8 contacts 
(unused) £15.06 
Large Aerial Rotators for Coaxial £18.00 
B.N.C. Connectors 200 for £42.06 
Video Cross Hatch TV Generators £17.00 
Racal MA-175 I.S.B. Modulators (new) £45.00 
Collins KWT -6 SSB Transceivers 500 watts 
2,30 mils P R. 

Imslide Cabinet Shelf Sliders £3.06 
DG -7432 and DG7/5 C.R.T.'s C300 
Remscope Storage Scope with tracer CI 15.00 
M.V.R. Action Replay 20 sec. Videodisc Unit P.U.R. 
Advance HI Signal Generators, 15 /50Kcs £18.00 
Varian VA175EA Backward Wave 

Oscillators P.U.R 
Tally 5/8 Track Tape Readers 60 cps £48.00 
Tally 5/8 Track Tape Readers 120 cps £65.00 
2 KVA Auto- Transformers £22.00 
15 foot 12 inch Lattice Steel Mast Sections £29.00 
Cintel 2 KV Power Supplies £35.00 
Cawkell FU 4 Band Pau Filter Testers £80.00, 
Avo Geiger Counters (new) £7.50 

We have a quantity of Power Transformers 250 
watts to I5KVA at voltages up to 40KV. Best 
quality at low prices. Lists available. 

Racal RA -63 SSS Adaptors. new £70.00 
Racal RA -237 L -W Conberters. new £70.00 
19' Blank Rack Panels Main high, new £1.00 
Apero Dial a Copy Photo Copier Electrostatic £80.00 
Hewlett Packard 524C Digital Counter P.U.R. 
Portable Mains Battery Floodlights C24.00 
406 channel Pulse Height Spectrum 
Analysers E600.06 

We have a varied assortment of industrial and 
professional Cathode Ray Tubes available. List on 
request 

AUDIO AND INSTRUMENTATION- 
TAPE RECORDER-REPRODUCERS 

Plessey ID33 Digital Units. 7 track 
Plessey M5500 Digital Unit. 7 tracks 
Ampex FR -1100. 6 speeds. stereo 1/4' 
Ampex FR600.4 speeds. 7 tracks '5" 
Ampex FR606, 4 speeds. 14 tracks l'' 
D.R.I. RM1. 4 speeds. 4 tracks''." 
EMI TR90 2 speeds, 1 track '5" 
EMI BTRI. I speed 1 track'." 
EMI R3010, 2 speeds. 2 tracks '." 

* Mincom CMP -100, 6 speeds. 7 tracks L., !h. 1" 
Leavers Rich DA -2P. 2 speeds. 2 tracks 15" 

Prices of above £70 to £400 
Also Transport Decks only available 

COMPUTER HARDWARE 

* LINE PRINTER. High speed 1000 
lines c.p.m. 

* TAPE READER. High -speed 5/8 
track 800 c.p.m. 

* CARD READER 80 col. 600 c.p.m. 
Prices on Application 

PLEASE ADD CARRIAGE AND 
V.A.T. 

AT APPROPRIATE RATE TO ABOVE 

P. HARRI 
ORGANFORD- DORS SET 

BH16 6BR 
BOURNEMOUTH(0202)765051 

(5547) 

GREENBANK 
ELECTRON ICS 

DIGITAL Ci OCK MODULES. MIS 

Furche, n. r. en request 

'E LED DI!:o(AYS 
OL 704L . 
01-707E 0 1 

DL-726E 2x0 5" 
01..727E 2t0 5" 
DL 750E 0 6" 
CR 747E 0 6" 

lOp 
7op 

E1.80 
E1.80 
E1.50 
£1.50 

(ESTABLISHED 1970) 

PHOSPHOR DISPLAYS 
51_1'01 4,0 5" 

CLOCK CHIPS 
AY-5.1224A 
MK 50253. 
AY 5 -1702 

OP-AMPS 
L5.80 CA 3130 (COS MOO, 

741 Mlmd'p 
75p 
25p 

(3.50 IC SOCKET PINS 
L5.50 100 50p 
L4.76 1000 e400 

CMOS WICH DISCOUNTS' Arty ,v,i disc I0 75. 25^.100+1 

CA "1,30 
4000 14000 
4001 14001 
4002 14007 
4006 14006 
4007 14007 
41108 141108 
4009 14009 
4010 14010 
loti .4011 
.1012 14012 
4013 14011 
4014 14014 
4015 14015 
4516 1.1016 
1017 14017 
4018 - - 

1019 14519 
..020 14020 
4021 14021 
407? 14022 
l'aa1 1.111? i 
41) ?4 14024 
4025 14075 
4026 - 
I0i7 14027 
10)8 14029 
40.4 

14507 
4011 
41132 140 +? 
4033 - 

.1(134 141134 
4015 14035 

0.75 
0.15 
0.15 
0.15 
0.95 
0.15 
0.15 
0.45 
0.45 
0.15 
0.15 
0.45 
0.80 
0.80 
0.45 
0.80 
0 80 
0.45 
0.90 
31.30 
0.15 
u.: 
3.5. 
0la 
1.40 
0.45 
0.70 
0.93 

45 
1.e0 

0 85 
1 10 
1 55 
0.95 

4036, -- 1.80 
4037 - 0.75 
4038 14038 0.85 
4039 .- 2.85 
4040 14040 0.85 
4041 _ 0.65 
4042 14042 0.65 
4043' 14043 0.80 
3044 14044 0 75 
4045 - 1 15 
4046 14046 1.10 
4047 - 0.70 
4048 0.45 
4049 14049 0 45 
4050 14050 0.45 
4051 14051 0.75 
405? 14052 0.75 
4053 14053 0.75 
4054 .- 0.95 
4055 - 1.05 
4056 1 05 
4057 20.35 
4059 - 3.60 
4060 - 0 90 
4061 - 16.40 
.1062 7.30 
4063 - 0.90 
406b l n')6 0 55 
4067 - 2.95 
.1068 14068 0.15 
4069 14069 0.15 
4070'14070 0.45 
4071 14011 0.15 
4012 14072 0.15 

4073 14073 
4075 14075 
4076 14076 
4077^14077 
4078 1407e 
4081 14081 
4082/14082 
4085 - 
4086 - 
4089 .- 
4093 14093 
4094 - 
4095 -- 
40961- 
4097 - 
4098 14528 
1099 - 
1700 - 
7083 - 

14501 - 
1.1502 4502 
14505 - 

145067.- 
14508 4508 
14510 4510 
I4511 4511 
1.3517 __ 

14514 4514 
14515 4515 
14516 4516 
14517 - 

4518 4418 
14520'4520 
14,,21 

0.15 
015 
1.25 
0.45 
0.1s 
0.15 
0.15 
0.55 
0.55 
0.65 
0.65 
1.50 
0.85 
0.85 
2.95 
0.85 
1.50 
1.50 
4.25 
0.15 

00 
3.30 
0.45 
2.35 
1.10 
125 
1.05 
2.55 
7..55 

1 10 
5.40 
1 00 
1.00 
2.00 

1.1°..'.' 1 75 

so 
I.IS/, 4511 1-20 
14528 4098 0.85 
14529 _ 1.30 
14530 - 0.65 
14531 - 1.25 
14532-4532 1.60 
14534 - 6.00 
14536'- 2.85 
14537 .- 15.25 
14539 - 1.05 
14541 - 1.80 
14543 - 1 50 
14549 - 2.95 
14552 - 8.05 
14551 , 3.50 
14554 1.20 
14555 4555 0 70 
14556 4556 0 70 
14557 - 320 
i155H - 0.90 
1.1559 - 2.95 
11560 - 155 
14561 _ 0.45 
1456' - 5.25 
14566 - 1.35 
14512 - 0.35 
1458040180 6.00 
14581 40181 3.05 
14582 40182 1-15 
14583 - 0 71 
14585 - 145 

Coo Add .AI 118 Pos u k 10p per order Ali orders pnn...sed.a.orn.v 
Olbr,al Gov, V,e.ax s rapes wee, nnsd ̀  

GREENBANK ELECTRONICS (Dept. W7W) 
94 New Chester Road, New Ferry, Wirral, Merseyside 

L62 54G, England. Tel: 051 -645 3391 
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Classified 1:12 Wireless World, July 1976 

ARTICLES FOR SALE 

DIRECT COMMUNICATIONS 
Division of Direct Electronics Ltd 

INTERCOMMS & TELEPHONES 
New Italian Designed 2 -Way Telephone Intercomm Wall/ Desk with 30 metres 

cable. t 19.95 (£1) Operates on 6 to 9v bait or power supply. 
As above. 2- to 6 -way Wall Model, £10 65. Desk model inc term block. £ 1 2.65 per 

inst. 2- to 1 1-way wall model. £1 1 50. Desk inc, term block. £13.45 per inst. (50p) 
Colours. ivory and grey blue. 

Superior 2- to 6 -way Siemens & Halske Wall Intercomm with desk conversion kit. 

term block and cord. Per instrument. £10 (packing and carriage 50p). 
Push- button Intercomms from 2- to. 21 -way with multi- channel and conference 

facilities. New. 6 -way £24, 1 1 -way £27, 16 -way £30, 2 1 -way £35. Refurbished at half 
the above prices. (£1 each unit) 

Entrance Phones. Single unit + Internal Phone + Electric lock release + Twin Power 

Supply, £39.95 (£3). Add £7 for each additional button and Internal Phone up to 

20-way (+ 50p per way). 
Transistorised 2 -way Intercomm with 6v Power Supply and 50ft cable, £1 1 .75 (El) 
Transistorised batt -op 3 -way Intercomm (Master - 2 subs). £23.95 (£1 ). 4 -way 

(Master - 3 subs). £28 50 pr:1) 

Wireless Intercomm (Just plug 2 or more into mains - no wires required). £20 pair 
1, ideal for baby alarm. 
Automatic Instruments. Strowger -compatible or PAX working New P 0. Types 706 

746, £15. 722 (Tnmphone). £41.65. Refurbished from £5.00 (E1). Also Special 
i Foreign types. 
Ultra Modern Types Gondola (dial in hand set). £39.95. Charleston (Candlestick). 

moulded black £34.75. Leather covered red, green or brown. £50.95. Electronic- button 
styles from £88. 100 other superb Reproduction and Modern styles available in wood. 
acrylic, leather, onyx. etc. Come and see 

Plan and Key phones for Home and Export. New or refurbished. 
Telephone amplifier (1 -way) £5.95 (35p). Hands -Free Tele Amp (two -way 

conversation) £9.50 (50p). With recording facility £1 2.50 (50p). 
Telephone terminal blocks: 3 -way 45p. 4 -way 75p, 6 -way £1.25. 24 -way £2 75. 

48-way £3.75 (20p). 
95a Jack Sockets £1.50 (20p). 420 plugs £1.50 (20p). Less 10% per dozen 

Telephone cords. 4 -way to 9 -way. Eft 75p. 1 Oft £1 .1 5. 16ft £1 65 (1 5p). 
Telephone cable Per metre, 4 -way 18p. 6 -way 20p, 10 -way 50p, 1 3-way 56p 

(Add 10 %). Paired cable also available up to 50 pair 
Intruder Alarm Microwave space protector Power Supply, £25 (El) 

r Mains Adaptors 6/7 5 /9vdc, switched, £3.75 (50p). 3/4.5/6/7.5/9/12v, £5 
(50p) Suit Transistor Radios. Cassette Recorders. Intercomms, etc. 

Auto Exchange: 10 extension + 1 circuit. Power supply incorporated. £175 (carr 
free) 

New Transformers' Extensive range in stock or quick delivery. Auto. Isolating, H.V 

Charger, Equipment, Output, etc. 1 .2 va to 6000 va (6Kva) from £ 1 70. Please enquire 

Ball point stretch pens. self- adhesive. attach to anything, anywhere. 95p (20p(. 
Telephone locks with 2 keys, 95p (20). 

Add VAT = 8% * = 25% on post paid price 

TRADE ENQUIRIES WELCOMED 

Many surplus bargains still available at exceptionally low prices All must be cleared 

34 LISLE STREET. LONDON. WC2H 7BD - Tel: 01 -437 2524 
55831 

Economise on Semiconductors 
All prices include VAT - by return service 

* Lower price 741 C * Lower price CMOS 

723C + dala 14 pin DIl 
74IC + data B pin OIL 

748C + data 8 pin OIL 

1M308 + dala 8 pin OIL 

CA3046 14 pie OIL 

TOA 1415 I5V 450mA 
BCI07. 108. 109. 109C 

BCIB2.184 
BC212.214 
HP 0.2" LED red + clip 
HP' é' LED red 
Dillow profile 8 pin 

Sockets 14 pin 

16 pin 

HP 5082-7740 red cc digit 

MT 242CS 12 -0.12 Translxmer 

I+ 10+ 25+ 
70 68 64 
21 21 20 
34 33 31 

95 89 85 
80 
70 
10 

12 

13 

20 
19 
12 

13 

14 
170 
130 

68 
10 

11.5 
12.5 
19 

18 

11 

12 

13 

65 
9 

11 

12 

18 

17 

10 

II 

12 

TTL Mixed prices 
1+ 25+ 

7400 
7402 

7403 
7404 
1405 
7410 
7413 
7420 
7430 

7442 
7447 

7473 

7474 
7476 
7486 

1490 
1492 

7493 
74121 

II 
12 

12 

13 

13 

12 

28 
12 

II 

60 
80 
28 
30 
30 
28 
45 
55 
42 
32 

10 
11 

11 

12 

12 

11 

24 
11 

10 

54 

75 
24 
26 
26 
24 
38 
50 
39 
27 

BC177 21 

BC179 22 
112448 30 
BFY51 15 
B2Y88G31/315 11 

210102 

283704 
2N370B 

213055 
11914 
1114001 

II 

12 

8 

49 
4 
4 

184002 
1N4004 

1114106 

1114148 

114148(10M9 

4.5 
6 
7 

4 
33 

A1.5.1224 16 pin digital clock IC + data + circuit 4.00 

Clock IC + 4 HP 0.3" digits 10.00 

Clock IC + 4 digits + transformer + lranaistora 1 1.50 

TCA940 1011 audio amp + Ma + circuits 1.90 

TA0100 radio IC + If filter + circuit 1.65 

Carbon film high sub resistor 'AV 5 °. E12 values 10okm - 282: 1.1p es IO for 

100.10090p same value 

CMOS Mixed 
Prices 

4000 
4001 
4002 

4006 
4007 
4008 
4009 
4010 
4011 

4012 

4013 
4014 
4015 

4016 
4017 

4023 
4024 
4025 
4021 
4028 
4030 
4040 
4046 
4049 

4050 
4068 
4071 

4078 

4081 

4507 
4511 

4520 

1+ 
16 

15 

15 

100 
16 

95 
45 
45 
15 

15 

42 
90 
811 

4e 
83 
15 
65 
15 

45 
78 
45 
90 

110 
45 
45 
16 

15 
16 

15 

50 
130 
112 

25+ 
15 
14 
14 
90 
15 
88 
42 
42 
14 

14 

39 
82 
75 
44 
78 
14 
60 
14 

42 
71 

42 
84 

102 
42 
42 
15 
14 

15 

14 

45 
120 
103 

All prices include VAT. P &P (UK) 15p. Overseas at cost. All goods new. Full 
spec. devices from Motorola, Mullard, TI, SGS, etc. Schools, colleges Supplied 
on credit. By return service. 

SILICON SEMICONDUCTOR SERVICES 
41 Dunstable Road, Caddington, Luton LU1 4AL 

4U1 

DIOTESTOR TRANSISTOROTESTER 

The DIOTESTOR detects faulty diodes 
and transistors when still in circuit 
without need for unsoldering. 

BRITEC LIMITED 
17 Devonshire Road, London SE23 3EN 
Tel- 01 -699 8844 Telex: 896161 

5322 

LINSLEY -HOOD 75 watt amplifier 
spares by return. BDY56 f1.65. 
BD529 552, BD530 55p, 2N5457 35p. 
2N5450 45p, 13F528 35p, MPSA 40p, 
BFR39 25p, BFR79 25p. BC109C 12p, 
BC182L IOIp, BC184L 11p, BC212L 
12p, BC214L 13p. IS920 5p, M'C1310P 
£2.30. Interference suppressi'o'n kit 
(also reduces 'prea'mp noise), with 
fuEl instructions £1.35. Inclusive 
prices. P & P 10p. All components 
brand new and guaranteed. SAE for 
list. I. -G, Bowman (Dept WW), 
59 Fowey Avenue, Torquay S. 

Devon- (5586) 

STEREO CASSETTE MECHANISMS. 
Similar to those used in low -noise 
cassette deck WW May. Choice of 
side or top loading. Complete with 
heads and full technical data. Send 
S.A.E. Box No. 5497. 

CREED 54/N4 TELEPRINTERS in 
good condition, enquiries to: -D. M. 
Hogan, 7 Valley View. Landkey. 
Barnstable, Devon. Tel. Swin'bridge 
489. (5553) 

VALVE OUTPUT transformers 
sectionalised silcor laminations. 
Kw 15 watts (Two) 4Kk 20 watts 
(Two). 15 OHM Secondaries, Offers. 

(5558) 

MINUTEMAN 
DIGITAL ELECTRONIC CLOCK 

For the 
fastidious 
A superior 
product featuring 

a UNIQUE DESIGN 
a LARGE LED DISPLAY 
* BRIGHTNESS CONTROL 
* PM INDICATOR 
* ALARM WITH SNOOZE 

FACILITY 
a PULSATING COLON 

£16.50 plus VAT 

Please send CWO to 

HEP ELECTRONICS 
128 Greenstead Road, Colchester, Essex 
Telephone: 0206 47188 ,5595, 

MI= .i4 
cs 

FOR SOUND SENSE BUDGET KITS 

MIX WITH 
PARTRIDGE 

ELECTRONICS oh 

MANUFACTURERS OF AUDIO 
MIXERS, BIG AND SMALL, FOR 

NMI ALL PURPOSES 

OR CUSTOM BUILT 

21 -25 Hart Road, Benfleet, Essex 

Phone: (03745) 3256 

Ík ..r 

QUARTZ CRYSTAL 
UNITS from 

1 0 -00.0 MHZ 

FAST DELIVERY 

11108 STABILITY 

TO OFF 1271 -A 

TEL. HYTHE 848961 
STD CODE 0703 

WRITE FOR 

LEAFLET AT 

McKNIGHT 
CRYSTAL Co. Ltd. 
HAROLD' INDUSTRIAL 

ESTATE. HYTHE 

SOUTHAMPTON SO4 BEN 

FREQUENCY SYNTHESISER. Fluke 
model 6160A /DX 4 -30 MHz in 1110 
steps brand new. boxed full spec. 
and price send s -a.e. Antenna tun- 
ing systems model A.T,S. -2 techni- 
cal material corp. 2 -30 MHz 1Kw 
continuous at 100 "! mod. Forward 
and reverse power. Measurement 
brand new boxed £100. Branson, 
111 Park Road. Peterborough. 

(5598) 

RECHARGEABLE NICAD BAT- 
TERIES. Pencell 'AA', 94p: sub 'C'. 
£1:16: 'C', £1.92: 'D', £2.59: PP3 
£4.48; Chargers for 'AA' sub 'C', 
£4.48. 'C' & /D'. £4.98; 'PP3'. £3.98. 
Others. All prices includes VAT. 
Add 10`% Post and package. S.A.E. 
for price list plus 25p for informa- 
tion booklet. Sandwell Plant Ltd.. 
1 Denholm Road, Sutton Coldfield, 
West Midlands 021 -354 9764. 15566) 

30 FERRUTUTOR TAPE RECORD- 
ERS FOR SALE- New 1968. 19 are 
in good order. 11 in need of some 
repair but all have been reason- 
ably maintained. Make well -known 
for durability. Available South Lon - 

don from end of June. Offers and 
inquiries to Box WW 5568. 
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THE QUARTZ CRYSTAL CO. LTD. 

Wireless World, July 1976 

OPPORTUNITY 

SECOND HAND EDP HARDWARE 

COMPUTERS (sold as peripherals 
or complete systems) 
NCR 315 SYSTEM (with full'software 
support) E9500 315 -100 processor 
316 -902/903 CORE MEMORY 
(10K /5K WORDS), 340 -601 Buffered 
Line printer (1000 LPM), Three 353 -3 
CRAM -units, TP Communication adapter 
(TELEX) and 100 CRAM -DECK's. 
NCR 500 SYSTEM £ 1900 517 -2 Pro- 
cessor /memory, 590 -4 console, 551 -1 
printer card reader controller, 541 -1 Line 
printer, 563 -2 paper tape reader, 572 -1 
paper tape punch. 586 -1 magn. ledger 
card reader. 
NCR 446 Billing machine system 
E 1000. FRIDEN 5010 f 100 and 5015 
£ 150 computer systems. BURROUGHS 
E -1000 system £ 500. 
PERIPHERALS MDS 1320 
E1000 NCR 541 -1 £500 Line printers 
(as new), ELLIOT 803 magn. film hand- 
lers £300, NCR 361 -1 561 -1 paper 
tape readers £150. NCR 362 -1 paper 
tape reader £75. NCR 586 -1 magn. led- 
ger and card reader £50, MISC. paper 
tape readers (Elliot D4/ 34) £25 -100, 
MISC. paper tape punches 20 -110 CPS 
£50 -100. 
DATA CAPTURING EQUIP- 
MENT MDS 1118 (NCR 735 -801) 
magn. tape encoder (w. IBM GOLF BOLL 
Type Writer) £950, NCR 171 add - 
machine +411 check digit verifier +461 
paper tape punch 190, NCR 16 add - 
machine +411 check digit verifier +461 
paper tape punch £ 175, NCR 468- 
1 /468 -3 card punch couplers 
£101£15, NCR 434 alpha couplers 
£10. FACIT /OLLIVETTI bookepp. 
mach. w paper tape punch f 125. 
AC CONVERTERS 50 to 60 cyc- 
les up to 50 KWA. 
Two complete ELLIOT 803 COMPU- 
TERS are available in parts. 

Skandinavisk 
DATA -AUTOMATION AB 
St Mickelsgatan 79 
S -126 54 Hägersten Sweden 

155811 

WE INVITE ENQUIRIES from any- 
where in the World. We have in 
stock several million carbon resis- 
tors *th, f, }, and 1 watt. } million 
wire wound resistors 5 and 10 watt - 1 mil-lion capacitors - 1 million 
electrolytic condensers - } minion 
transistors and diodes, thousands of 
potentiometers, and hosts of other 
components. Write, phone or call 
at our warehouse - Broadflelds & 
Mayco Disposals Ltd., 2.1 Lodge 
Lane, N. Finchley, London, N.12. 
91 -445 0749, 445 2713, (5097) 

PRINTED CIRCUIT BOARDS. High 
quality. fast deliveries. - Photo - 
techniques, 11 Old Witney Road. 
Eynsham, Oxford. Tel. Oxford 
(0865) 8806'45, (5525) 

60 KHz NSF RUGBY RECEIVERS. 
BCD TIME -OF -DAY OUTPUT. High 
performance, phase locked loop 
radio receivr. 5V operation with 
LED indication. Kit complete £9,50; 
assembled and tested unit £11.12 
(prices Include postage and V -A -T.) 
Also available low power receiver 
with signal and audio outputs. Send 
for details Toolex, Sherborne (4359) 
Dorset. (21 

DIGITAL CLOCK CHIP, AY-5-1224, 
with data and circuit diagram, 
£3.66 plus VAT. ' Jumbo ' LED digits 
(16mm high) type economy DL/747 
only £2.04 each plus VAT, post free. 
Greenbank Electronics, 94 New 
Chester Road, Wirral, Merseyside 
L62 5AG. (83 

ARTICLES FOR SALE 

ULTRASONIC REMOTE 
CONTROL SWITCH 

E13 below list price 
By pointing the transmitter 
al the receiver, mains 
appliances (The. radios. 
lights. etc.) can be switched 
on /oN. 600 watt max. Range 

mQ to 4ON. 

ONLY £12.95 + 65p POP 

C.3025 TRANSISTOR CHECKER 
- miniature. neat. compact Ä 
checker for germanium and silicon 
Jransietors - PNP /NPN flick 
switch selection rotary settings 
for B d Ices factors. 
Panel meter. 9v internal battery. Quick check sechst. 
Metal case. List price E9.55 - Our price E3.95 plus 
35p POP. 

(Dept. WW1, Box 60. 
J.E.G. Crawley, SUSSEX RH11 SUE 

SOWTER 
TRANSFORMERS 

FUR SOUND RECORDING AND REPRODUCING 
EQUIPMENT 

We are suppbers to many well known companies dudes and 
troadcastin5 authorities and were established in Mel Early 
&liveries Competitive prices. Urge of small quantities 1.11 us 

Mule 

A recent release 
SowTER TYPE 367e 

MULTITAP MICROPHONE 
TRANSFORMER 

Primxy windinp for 600 ohm 200 ohm and 60 Mu with 
Secondary loadings from 21t ohm to 10 K ohm Frequency 

response plus minus 48 a Na to 25 KHz Contained in well 
finished Munelal box 33mm dtameter by 22mm nigh with colour 
coded end lade low *station. DELIVERY [small quantibesl 

E% -STOCK. HIGNLT COMPETITIVE PRICE. FULL OPALS ON 

REQUEst. 

E. A. SOWTER LTD. 
r,anslormer Manufacturers and Des,y,,,', 

7 Dedham Place, Fore Street 
Ipswich IPA 1JP. Tel 0473 52794 r' , i S 

Private enquiries send 7 Op in stamps Mr brochure 

QC( WORKS. WELL INC.TOV CRESCENT - 
SFvs. MALDES. SURREY 

VACUUM is our speciality, new 
and secondhand rotary pumps, dif- 
fusion outfits, accessories, waters, 
etc. Silicone rubber or varnish oat- 
gassing equipment from £40. V. N. 
Barrett (Sales) Ltd., 1 Mayo Road, 
Croydon. 01 -684 9917. (24 

C.R.T. REGUNNING PLANT. New 
and secondhand reconditioned 
training, demonstration, colour or 
B/W, Barretts, Mayo Road, Croydon, 
Surrey, CRO 2QP, (36) 

QUANTITY OF MARCONI SIGNAL 
GENERATORS, type TF144G. £25 
each. Cash with order. Carriage 
forward, - Contact Neil Broady, 
Ascot Merits) 23422. Office hours. 

(5369) 

161461 B & H 631 Sound projectors 
c/w speaker and transformers £135. - Hilton Cine, 9 West Hill, Dart- 
ford -T. 20009. (15 

FOR SALE -24 Pye " Ranger " 
and 19 Pye t' Vanguard " Mobile 
Radio Sets with associated equip- 
ment consisting of 38 Control 
Units (17 with speakers), 16 sepa- 
rate speakers and 40 microphones. 
Equipment does not comply with 
current Government specifications 
and is scrap. Offers to The Chief 
Constable, Pallice H.Q., Dumfries, 
by 31st May, 1976. ('5570) 
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NEW PEAK 

PROGRAMME METER 

A PPM drive cuculi with standard performance 
Manufactured under licence from the British 
Broadcasting Corporation a is based on the ME12/9 
tout with the addition of our electronic floating input 
circuitry which will withstand mains or staffe voltages 
at the signal line 

Intended for use in the most critical monitoring 
applications a possesses excellent temperature and 
long term stability Meeting B54297. the proposed 
mewsion of 654297 and the proposed new IEC Type 2 

eter specihcavons. it also fulfills the requirements of 
the IBA EBU and BPO 

The cueu it board is designed to mount on the rear of 
the meter movement and it accepts balanced or 
unbalanced signal inputs at line level The sensitivity 
may be increased by 20d8 and the supply requirement 
is 24V at 30mA. either polarity or earth free 

ERNEST TURNER 642 and 643 meter movements 
stocked with 1 / 7 and -22/ *4 scalmgs 

Ring or write for leaflet with specifications and 
photographs 

STABILIZER 
F HOWL REDUCTION, BALANCED AND 

UNBALANCED VERSIONS BOXED 
OR RACK MOUNTING 

PUB IC ADDRESS : SOUND REINFORCEMENT 

+5 Fixed Shift Circuit Boards for WW 
Jul 1973 article. 
Small c, Hugh to be built Inside the cabinets of many 

ut., iers 
[eerie e kit and bard fig including PSU U designer DESIGNER 
Board all and abped f31 mains Iranslormer approved. APPROVED 

SPECTRUM SHIFTER 
Varia ale shdts 0 1 - 1 000Hr for weird special effects 
on speech or music 

SURREY ELECTRONICS 
The Forge, Lucks Green, Crenleigh 
Surrey CUB 7BG (STD 04566) 5997 

CASH WITH ORDER less 5'h, 
UK POST FREE ADD VAT at R' %% 

COLOUR, UHF AND TV SPARES. 
Lists on request. "Wireless World" 
TV Tuner and FM Tuner Projects 
by D. C. Read. Kits of pasts avail - 
able. JAPANESE SOLID STATE 
COLOUR CHASSIS for the experi- 

I menter. Includes IF, Decoder, 
CDA, Timebases, Output stages, 
etc. Incl. circuit. Brand new. £20 
p/p £1.50. New Cross Hatch kit, 
Aerial Input type. No other con- 
nections. Battery operated port- 
able, Inot. Sync & UHF Modulator 
units £11* Add -on Grey Scale kit, 
£2.90* p/p 45p. CRT Reactivtator 
kit for colour and mono, £17.48 
p/p 80p, Signal Strength Meter kit 
f18 *. p/p 70p, 625 TV IF Unit, for 
Hi -Fi amps or tape recording £6.80 
p/p 05p. Decca (Colour TV Thyris- 
tor Power Supply Unit, incl. HZ.. 
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 SOp. 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. RRC 3000 type 
scan coils £2 p/p 80p. Bush CTV 
25 Scan Coils £2.50 p/p 80p. Delay 
Lignes: 01.20 £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 
18.50 p/p 75p. Special offer colour 
tripiers, ITT TH25 1TH £2 GEC 2040 
£1.75 p/p 50p. Phillips 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 £4.20, ELC 1043/05 £5, 
VHF: ELC 1042 15.50. Philips VHF 
£3.80. Salvaged UHF & VHF Vari- 
caps £1:50 p/p 35p. SPECIAL 
OFFER: RBM 6 psn. Varicap con- 
trol unit £1 .p /p 35p. UHF Tuners 
transd. incl. slow motion drive 
£3.80. 4 Psn. and 6 Psn, push but- 
ton transd, £4.20 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. HIMV, Marconi 80p pip all tun- 
ers 70p. Mullard 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. (Nos. 28, 159 buses 
or West Hampstead -Bakerloo Line 
and British Rail). Mail Order: 64 
Golders Manor Drive, London, 
N.W11. Tel: 01 -794 8751. V,A,T. 
Please ADD 123% TO ALL PRICES 
(EXCEPT WHERE MARKED * VAT 
8 %) (60) 

VHF -UHF 
MANUAL 
by D. S. Evans. Price £5.60 

ELECTRONICS POCKET BOOK by 
P. J. McGoldrick PRICE £4.00 
SERVICING WITH THE OSCIL- 
LOSCOPE by G. J King 

PRICE £4.80 
99 WAYS TO KNOW & USE 
YOUR ELECTRONIC CALCULA- 
TOR by L. E. Frenzel PRICE £4.00 
MINICOMPUTERS & MICRO- 
PROCESSORS by M Healey 

PRICE £6.65 
LINEAR INTEGRATED CIRCUIT 
APPLICATIONS by G B. Clayton 

PRICE, £4.80 
SOLID -STATE DEVICES MAN- 
UAL by RCA PRICE £3.50 
PRINCIPLES OF TRANSISTOR 
CIRCUITS by S. W Amos 

PRICE £4.25 
FOUNDATIONS OF WIRELESS & 
ELECTRONICS by M G Scroggie 

PRICE £4.35 
HANDBOOK OF DATA COM- 
MUNICATIONS by N C.0 

PRICE £9.00 
THE ELECTRONIC MUSICAL 
INSTRUMENT MANUAL by A. 
Douglas PRICE £8.00 

* ALL PRICES INCLUDE 
POSTAGE * (44) 

THE MODERN BOOK CO 
SPECIALISTS IN SCIENTIFIC 

& TECHNICAL BOOKS 

19 -21 PRAED STREET 
LONDON W2 1NP 

Phone 723 4185 
Closed Sat. .1 p.m. 

SAVE IT - BARGAIN 

500 WATT DIMMER 
SWITCH 

(not suitable for fluorescent lights) 
Basic Module with I" Knob E2.00 
Complete on MK switch plate £2 50 

Large 2" knob (BULGIN) 25p extra. y/ 

P &P 25p 
Please add 8% VAT to all orders Inc P &P 

.FRASER- MANNING LTD. 
40 TUDDENHAM ROAD. IPSWICH 1P4 

2SL (35) 

OSCILLOSCOPE Tel equ3tpment 
Model D43. Plug -in amplifiers. 15 
M /es. Manual £110, AVO valve tes- 
ter Manual and working instruc- 
tions. £70. Other test gear, electri- 
cal and mechanical apparatus and 
process instruments. All good 
working larder- Telephone for list. 
Erith (Kent) 30556. (5560) 
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ARTICLES FOR SALE 

MARCONI TF 885A /1 VIDEO OSCIL- 
LATOR 50 c/s to 12 Mc /s 31.6 Volt 
Max 0 /P, £85; Marconi TF B45/1 
10 Mc /s Digital Counter with TM 
5953 Plug In, £40; Sollartroon AT 
203 DC 0o 300 Kc/s Calibrating 
Unit, £10; Advance 'Millivaltmeter 
'Type 77 15 cps to 4.5 me /s, £32; 
Dawe Transistor Phase Meter Type 
630A Battery /Mains, £30; Marconi 
Wave Analyser 17465E 0 -16 kc /s 4 

cps Bandwidth, £90; Marconi Uni- 
versal Mridge Type TF868 /1, £60; 
Solartron Oscilloscope CD523 S. 
£45; Advance "Q" Meter Type 
Tri 100 Ke /s to 100 Mc /s Q B nge 
10 to 400, £85; Dawe Audio Oscilla- 
tor type 440A 20 c/s to 200 Kc /s 
600 or 15 ohms output, £35; Heath- 
kit Variable Power Supply Stabili- 
zed 100 to 350v 150 'MA max £30; 
Solartron Digital Voltmeter LM902.2 
0.1 volt to 1000v 4 digits, £35; Ad- 
vance Transistor Tester TTI /s tests 
diodes and NPN PNP transistors, 
£15; Advance B4B5 A.M. Signal 
Generator. £35; Nagard 5002 
Double Pulse Generator + or - 
O.50 volt max single shot 0.1 c/s 
1 me /s, £40; Dawe True R.M.S. 
Voltmeter Type 612A 0.4 my to 
300 volt F.S.D., £30; Tektronix 
Type G and Type L Plug -ins, £20 
Muirhead Facsimile Xmrtter iMD901 
AM /MH, £50; Muirhead Tunable 
Filter, D925A, £20; Muirhead Phase - 
meter D729AIM, £50; IMuirhead 
Phasemeter D729BM. £30; B.P.L. 
electrolytic bridge CB154 /D3, £30; 
S and H power oscillator Type 48, 
f20; S and H rejector V.V. Type 
64, £20; Solar/ran Phasemeter 
VP 250, £45; Brandenburg H.V. 
P.S.U. 50530/8. £60; U.H.F. Siggen 
370 -560 Mhz, £20; Pulse Generator, 
AN /UPM15, £35; Vibron electro- 
meter 33B/2, £25; Cossor CDU 110 
Oscilloscope, £220; Dawe ULF Os- 
cillator 0.OtHIz 1KHz 90 degrees 
and Ref phase 0/P terminals. £30; 
Lapmaster monochromatic light 
unit, £25; Gertsch complex ratio 
bridge ORB 111 mint, 6 decades 
phase 4 real Kerr Wayne err 
Mod /Demod nit SA400, £35; Wayne 
Kerr transfer function computor, 
£200; Airmec 853 wave analyser 
30 Khz to 30 'Mhz, £65; Cossor 
Motor driven oscilloscope camera 
unit £60; Marconi D.F.M. T.F. 
142E, E25; Solartron Synchro test 
unit JM 355.2, £40; B.P.L. Mego- 
meter R'M175 -LZ MK2, £30; Tele- 
quipment 33C Amp plug -in unit, 
£20; Polaroid oscilloscope camera 
unit, £60; P.S.U. A.P.T. fully stab- 
ilised 20V at 10 Amps, £14. Terms 
C.W.O., V.A.T. at 8 per cent and 
postage. " Q " Services Electronic 
(Camberley) Ltd., 29 Lawford 
Crescent, Yateley Camberley, Sur- 
rey (0262) 871048. (5557) 

PHOTO ETCH 
lia LIMITED 

9 LOWER QUEEN STREET 
PENZANCE, CORNWALL 

TR184DF 

Prototype or long run - we will 
supply your printed circuit require - 
ments. 
Also facilities for Design, Assembly 
and Test 

Prompt and efficient service assured 

EQUIPMENT WANTED 

BROADFIELDS AND 
MAYCO DISPOSALS 

21 Lodge Lane, N. Finchley 
London. N12 63G 

Telephone: 
01-445 2713 

01-445 0749 01-958 7624 

MAY WE ASSIST YOU TO DIS- 
POSE OF YOUR SURPLUS AND 

REDUNDANT STOCKS? 

We will call anywhere in the 
British Isles, and pay SPOT 
CASH for Electronic Compon- 
ents and Equipment. 

(5330) 
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ARTICLES WANTED 

WANTED IN 
LARGE 

QUANTITIES 
Electronic components: resistors. 
capacitors, potentiometers, chassis 
loudspeakers, semi -conductors, 
diodes, TV tubes, especially colours, 
etc., etc., etc. 
Finished or incomplete products 
record players, amplifiers, radios, 
tuners, tape recorders, enclosures, 
etc., etc., etc. 
We will buy complete factories and 
pay cash 

TEL. 01491 4636 
E.C.E. AVON HOUSE 

360/366 OXFORD STREET 
LONDON, W.1 (5552) 

WANTED, all types of communica- 
tions receivers and test equipment. 
Details to R. T. & I. Electronics 
Ltd., Ashville Old Hail, Ashville 
Rd., London, E.11. Ley 4986. (63 

CASH AVAILABLE for purchase of 
surplus R.F. Power transistors and 
components of VHF /UHF interest. 
Convert your surpluses to cash. 

(5567) 

SURPLUS COMPONENTS Equip- 
ment and Computer panels wanted 
for cash. Ring Southampton 772501. 

(16) 

WANTED. Agent to 'purchase Mono 
and Colour T.V's transistor radios; 
vacuum cleaners, washing mach- 
ines, cookers, etc. New and second- 
hand. Box tNio, 5328. 

LISTS OF SURPLUS electronic corn - 
ponents from business selling 
same. Write Malloy W.G.M. Elec- 
tronics, 66 Woodvale Avenue, Bel- 
fast. BT13 3EX, N. Ireland. (5601) 

COURSES 

The Polytechnic 
of North London 

Why not a Career 
in Electronics? 
The electronics industry is the fastest 
growing industry in the country. Expan- 
sion averages 20% per year, and to help 
this expansion qualified technicians and 
engineers are needed. 

* With two "A" levels, ONC, or equiva- 
lent, you could become a 

Chartered Electronic and 
Radio Engineer 
Write for details of our three -year 
full -time CNAA degree course in Elec- 
tronic and Communications Engineering. 
* With three "0" levels, City and Guilds 
Part I, or equivalent, you could become a 

Professional Technician 
Engineer (CEI) 
Write for details of our two -year full -time 
course in Electronics. 

Department of Electronic and Communi- 
cations Engineering. Polytechnic of North 
London, Holloway N7 8DB. Tel. 01-607 
6767. 

Iss-t: 

RADIO and Radar M.P.T. and 
C.G.L.I. Courses. Write: Principal, 
Nautical College. Fleetwood, FY7 
8JZ. (25 

* MINICOMPUTERS 
* PERIPHERALS 
* INSTRUMENTATION 

For fastest, best CASH offer, phone 

COMPUTER APPRECIATION 
Godatone (088 384) 3106 

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 

REQUIRED from Ministry of 
Defence and other sources Plessey 
models P.T.R. 371, also 691, 692 
and 693. Please post fullest details 
to John F. Learney, 16 Pine Walk, 
Carshalton Beeches, Surrey. (5226) 

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. (22 

NEW GRAM AND 
SOUND EQUIPMENT 

GLASGOW, Hi Fi, Cassette Decks. 
Tape Recorders, Video Equipment, 
always available we buy, sell and 
exchange for Hi Fi sets and photo- 
graphic equipment. VICTOR 
MORRIS Audio Visual Ltd., 340 
Argyle Street, Glasgow, Gl, 8 /10 
Gtassford Street, Glasgow, Gl, 8 /10 
Sauchlehall Street. Tele: 041 -221 
8958. (I1 

TAPE RECEIVERS 

RECORDS MADE TO 
ORDER 

DEMO DISCS 
MASTERS FOR 

RECORD COMPANIES 

VINYLITE 
PRESSINGS 

Single disc. 1 20. Mono o Stereo. delivery 
4 days from your tapes. Quantity runs 25 
to 1.000 records PRESSED IN VINYLITE IN 

OUR OWN PLANT. Delivery 3 -4 weeks. 
Sleeves /Labels. Finest quality NEUMANN 
STEREO /Mono Lathes. We cut for many 
studios UK /OVERSEAS. SAE list 

DEROY RECORDS 
Eastwood Cove, Dunbartonshira 

Scotland 

HRO Rx5s, etc., AR88, CR100, 
BRT400, G209, S640, etc., etc., in 
stock. R. T. & I. Electronics, Ltd., 
Ashville Old Hall, Ashville Rd.. 
London, Eá1. Ley 4986. (65 

SIGNAL Generators, Oscilloscopes, 
Output Meters, Wave Voltmeters, 
Frequency Meters, Multi -range 
Meters etc., etc. in stock. R. T. 
& I. Electronics, Ltd., Ashville Old 
Hall, Ashville Rd., London. E.11. 
Ley 4986. (64 

SERVICES 

AUDIOMASTER BACKGROUND 
MUSIC . . . service, sales. Tape 
programmes. P. J. Equipments, 3 

Onslow Street, Guildford 4801. (12 

THOR -HOLE CONVENTIONAL 
P.C.B.'s gold plating, roller tinning. 
prototypes, silk screening, drilling. 
All or part service. - ELECTRO- 
CIRCUITS (P.C.) LTD., Delamare 
Road, Cheshunt, Herts. Tel. Wal- 
tham Cross 38600 or 20344. (84 

LABELS, NAMEPLATES, FASCIAS 
on aluminium or plastic. Speedy 
delivery G.S.M. Graphic Arts 
Ltd., i -5 Rectory Lane, Guis - 
borough (02873- 4443). Yorks, U.K. 

(5305) 

TUBE POLISHING, 
on your tubes can 
£6.88 total cost, V. 
carriage included. 
North Somercotes- - Phone N/S 300 

scratched faces 
be repaired for 

A.T. and return - Retube Ltd. 
Louth, Lines. 

(Std. 050785). 

EURO CIRCUITS 

Wireless World, July 1976 

CAPACITY AVAILABLE 

A.A.A. SERVICE 
Small batch production wiring, 
assembly to sample or drawings. 
Specialists in printed circuit assem- 
bly Cableforms to order. Rock 
Electronics, 42 Bishopsfield, Harlow, 
Essex. Tel. Harlow (0279) 
33108. (19 

STOVE ENAMELLING. Single items 
or production runs. Gloss, hammer 
or acrylic finish. We also manufac- 
ture complete units of electronic 
equipment. Wiring, p.c. boards, 
cases. Olson Electronics Ltd., 5 
Long Street, London E2. 739 -2343. 

(5394) 

FINE SPOT WELDING, coil wind- 
ing, soldering, mechanical and 
electrical assembly, light sheet 
metal and presswork. Contact - 
Webson (Manchester) Ltd., Shen - 
tonfield Road, Sharston, Industrial 
Estate, Manchester 22. (5376) 

A.A.A. SERVICE. Small batch pro- 
duction wiring, assembly to sample 
or drawings. Specialists in printed 
'circuit assembly. Cableforms to 
order. Rock Electronics Ltd., 42 
Bishopsfield, Harlow, Essex. Tel. 
Harlow (0279) 33018. (19 

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: 51 -852 1706. (61 

DESIGN, development, repair, test 
and small production of electronic 
equipment. Specialist in production 
of printed circuit assemblies. 
YOUNG ELECTRONICS LTD., 184 
Royal College Street, London NW1 
9NN. 01 -267 0201. (20 

BATCH Production Wiring and As- 
sembly ta sample or drawings. 
Deane Electricals, 19B Station 
Parade, Ealing Common, London, 
W.5. Tel: 01 -992 8976. (23) 

CAPACITY available to the Elec- 
tronic Industry. Precision turned 
parts, engraving, milling and grind- 
ing botti in metals and plastics. 
Limited capacity available on 
Mathey SP33 jig borer. Write for 
lists of full plant capacity to C.B. 
Industrial Engineering Ltd., 1 

Mackintosh Lane, E9 6AB. Tel: 01- 
985 7057. (14 

PRINTED CIRCUIT BOARDS - 
Quick deliveries, competitive prices, 
quotations on request, roller tin - 
ning, drilling, etc., speciality small 
batches, larger quantities available 
Jamiesons Automatics Ltd, 1 -5 
Westgate, Bridlington, N. Humber- 
side for . the attention of Mr. J. 
Harrison. Tel: (0262) 4738/77877. 

f18 

SERVICES 

PRINTED CIRCUITS 
and HARDWARE 

Readily available supplies of Constructors 
hardware Aluminium sheet and sections 
Printed circuit board. top quality for 

individual or published designs. 

Prompt service 

Send 1 5p for catalogue 

RAMAR CONSTRUCTOR 
SERVICES 

Masons Road, Stratford -on -Avon 
Warwicks. Tel: 4879 

Printed Circuit Boards - Master 
layouts = Phptography Legend 

printing - Roller tinning - GôI 
plating - Flexible films - Convention- 
al fibre glass - No order too large or too 
small - Fast zurnround on prototypes 
All nr part servir, aruiluble NOW 

EURO CIRCUITS TO. 
Highfield House 
West Kingsdown 
Nr, Sevenoaks. Kent. WK2344 
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SERVICE 
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and NOW , , from ONE source 

SEENSEE 
If you are an Engineer 
or Buyer in any of 
the following,write 
for our Catalogues 

Manufacturing, 
Public Authorities 
Laboratories, 
Universities, 
Contracting, 
Maintenance. 

SERVICE, you can obtain many other Technical 
Products including Electrical, Mechanical and Tools 
in addition to the Electronic components that we have 
been distributing to Industry for over 30 years. 

Large duplicate stocks are kept in LONDON and 
SCOTLAND to give you quick service. 

CABLES O COMPONENTS LTD J Park Avenue, London NW10 7XN 

CLASSIFIED ADVERTISEMENTS 

Use this Form for your Sales and Wants 
To "Wireless World" Classified Advertisement Dept.. Dorset House, Stamford Street, London, SE/ 9LU 

PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

Rate. 81p PER LINE. Average seven words per line 
Minimum THREE lines. NAME 

Name and address to be included in charge if used in 
advertisement. ADDRESS 

Box No. Allow two words plus 45p. 

Cheques, etc., payable to "Wireless World ano crossed 
"& Co." 

REMITTANCE VALUE J ENCLOSED 

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION NUMBER OF INSERTIONS 

Alp 
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Available from 
Selected Stockrats 

write or phone 
for Nat. 

Wireless World, July 1976: 

INCREDIBLE VALUE IN PRECISION TEST METERS 
MICROTEST 80 - I.C.E. 

20,000 OHMS /VOLT 40 RANGES 
20 000 ohms/VoII. 4.000 ohms/Volt AC) 7w. accuracy 
V DC 100mV Io 1 KV (6 Ranges) I DC 50 -A to 5A (6 Ranges) 
V AC 1 5V to 1 KV (5 Ranges) I AC 250 -A to 2 5A (5 Ranges) 
Ohms Low ohms ohms x 1 ohms x 10 ohms x 100 
Power Output Measurements 1 5V to 1000V (5 Ranges) 

n 6d0 to 62d8 (5 Ranges) 
Capacitance 25.:F to 25 000 :F 14 Ranges) 

1 ono Mmes overload protection On OHM ranges) 
Meter movement diode protection 
Size (without case) 90 x 70 x 18 m m 
Electronic zero non.parallax mirror scale Unbreakable carrying case and probes s Allied 
Full Alter Sales Service available 

Pnce £14.50. Post & Packing 50p VAT @ 8`« E1 20 SEND TOTAL 616 20 

20.000 OHMS /VOLT SO RANGES 
20 000 ohms Vclt I L L 2 A C V DC 100mV to 2KV (13 Ranges) V AC 
2 to 2KV (11 Merges) DC 50..0 to 10A (12 Ranges) I AC 250 -A to 5A 110 
Ranges) R .1 .100 .1000 .10 000 and Low ohms Detector Reactance 
0.10 M ohms F-req Measurement 05000 H, 12 Ranges) Power Output 
10.2000V (9 Ranges) Decibels -24 n 70 dB 110 Ranges) Capacitance 
0500000 pF (2 Ranges using mains supply) 0.20 000 -F (4 Ranges using 
internal 3 Volt battery) 1000 times overload protection on ohms ranges. and 
meter movement diode protection 10 Fields of Measutement and 80 ranges 
Size 128 x 95 x 32 m m Non parallax mirror scale Unbreakable carrying 
case supplied AACh contains probes mains lead crocodile clips and shorting 
ink .......... . ..... 

ACCESSORIES FOR MOOR AND MICROTEST SO (EXTRA) ('donotee item not nimble on Mleroteat SO) 

AMPERCLAMP A C 2 5A to 50OA (6 Ranges) 3% 613.50 H.V.. PROSE MOD. 1S; 25KV 1MAX I . P Z = 500 M ohms (Nom) 
65.115. LIGHT METER PROSE MOD. 24: 2 - 20 000 Lu. 673.50. 'RESISTANCE MULTIPLIER MOD. 25: Multiplying 
Factor x 100.000 R Range with 680R) 0 - 1.39M 66.95 'GAUSSMETER PROSE MOD. 27:0.15 K,logauss 612.50. PHASE 
SEQUENCE INDICATOR MOD. 25: 100 -400V (A C 1 

50-60 Hz E5,95 D.C. CURRENT SHUNTS MOD. 32 SERIES: 10A 

25A 50A and 100A L5.5O each TEMPERATURE PROSE MOD. 3E: -SO° C to 200° C 612.60. SIGNAL INJECTOR 
MOD. 53: Basic 0/P Fregs 500KHe and 1KHe 65.55 CURRENT TRANSFORMER MOD. SIS: 250mA to 100A E /.50. 
TRANSISTOR TESTER 662 I C E hFe 5- 500.000 Measures Icbo lobo Iceo Ices Vice not Vbe. hFe VF and 1, E13. SO. 

ELECTRONIC VOLTMETER NOS: Full spec request 631.50. AMPERTEST 550: 631.50. 
Add 50p Post & Packing. plus VAT (8 %) to all above prices 

49-53 Pancras Road. London NW1 2QB 
Tel: 01 -837 7781 

WW - 070 FOR FURTHER DETAILS 

Price £22.50 - 
Post & Packing 75p. 
VAT @ 8% El 86. 
S NO TOTAL E25.11 

INDEX TO ADVERTISERS 

Appointments Vacant Advertisements appear on pages 123 -135 

Acoustical Mfg. Co. Ltd. 
Aero Electronics Ltd 
Alice (Stancoil) Ltd. 
All Things Are Possible 
Ambit International 
A.S.P 
Audio Amateur 
Audix Ltd 
Avel- Lindberg 

Barrie Electronics Ltd 
Bentley Acoustic Corp. Ltd. 
B.H. Component Factors Ltd 
Bi -Pak Semiconductors Ltd 
Bi -Pre Pak Ltd. 
Boss Industrial Mouldings Ltd. 
Bradley, G. & E. Ltd 
Brenell Eng. 
Bull, J., Electrical, Ltd 

Cambridge Learning 
Carston Electronics 
Catronics 
Chiltmead Ltd 
Chromasonic Electronics 
Colomor (Electronics) Ltd. 
Combined Precision Components Ltd 
Computer Sales & Service 
Condor Electronics Ltd. 

Datong Electronics Ltd. 
Dema Electronics International 
Direct Electronics Ltd. 
D.M.W. Associates (Electronics) Ltd. 
Dolby Noise Unit 
Dymar Electronics Ltd. 

Eagle International Ltd. 
Electronic Brokers Ltd. 
Electronic Windings (Ldn) Ltd 
Electrotime Ltd. 
Electrovalue Ltd. 
Empire Exporters Inc. 
English Electric Valve Co. Ltd 

Farnell Instruments Ltd. 
Fi -Comp Electronics 
Fitch Tape Mechanisms 
Forgestone Colour Developments Ltd. 
Future Film Developments Ltd. 
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sQQlinstruments 

For the Great Names 
a Great Service 

Bradley Electronics are well known as 

manufacturers of precision electronic 
instrumentation. But there's another 
important aspect of our business - 
we're also experts on other people's 
products. 

For 21 years our Services Division 
has been providing a first -class repair 
and recalibration service for all types 
and makes of electronic test and 
measuring equipment - from simple 
meters to complicated systems. Any 
manufacturer's instrument in the 
frequency range DC to 18 GHz- and to 

36 GHz in some cases - coNlected and 
delivered back to your doer ready to 
plug -in. 

The Services Division has its own 
35,000 sq ft factory, expert staff, 
comprehensive spares, and a Standards 
Laboratory apr proved by the British 
Calibration Service. It will supply 
calibration certificates for AC, DC and 
RF measurements. And, of course, our 
standards are directly traceable to 
NPLand NBS. 
So - when your calibrator won't 
calibrate anymore, your generator 

WW -002 FOR FURTHER DETAILS 

refuses to generate, or your counter 
stops counting - you know who to 
contact. 

G & E BRADLEY LIMITED 
'Electra' House, Neasden Lane, 
London NW101 RR 
Telephone: 01 - 450 7811 
Telex: 225583 

A Lucas Company 

BRADLEY 
Ielectronics J 
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Multitore 
Solder Creams are 

oxide free! 
Multicore's newest solder creams are designed 
specifically for hybrid microcircuits P.C.B's and 
critical component joints. Unlike ordinary creams - 
which suffer from the problem of oxide around each 
atomised solder powder particle - they're 
completely oxide -free. The advantage is 
faster soldering with clear flux residues 
and no solder globules. 

The new range can be made in any quantity 
and with a very wide variety of soft solder 
alloys, fluxes, particle sizes and viscositie 
They're suitable for screen printing, stencilling 
or application by automatic precision 
dispensers. Add to that the speed, 
simplicity, reliability and low application 
cost of solder creams in many operations 
and you have a product that takes the 
art of soldering one step further. 

Multicore's solder cream can often be 
used instead of solder preforms. No tool 
costs are involved and inventories of 
individual shapes are avoided. The cream 
can often be applied more quickly and has 
more uniform flux content than preforms. But 
for those assemblies where preforms are preferred ... 

Wireless World, July 1976 

Multicore Solders Ltd are Ministry of Defence 
Registered Contractors and on Qualified Products 
List QQ- S -571E of U.S. Defense Supply Agency for 
solder creams and preforms. 

doñtforget 

Multitore preforms 
These precision -made solder preforms come in 
virtually any size and shape. Rings, washers, discs, 
pellets and lengths of solder tape in most soft -solder 
alloys, with or without flux cores, are easily placed 

between the parts to be soldered. coo 

Nail/ale . 

Whether cream or preforms are 
used, just raise the temperature 
of the metal surfaces to around 
50 °C above the melting tem- 
perature of the solder. The solder 
cream or preform does the rest. 
Heating techniques can include 
gas flame, hot plate, oven 
conveyor, induction coils, resis- 
tance /electrode soldering, hot 
gas and infra -red. 

Multitore Solders Limited, 
Maylands Avenue, Hemel Hempstead, Herts. HP2 7EP 
Telephone: Hemel Hempstead 3636. Telex: 82363 
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